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FOREWORD. 


The fonrtL Volume of the Dictionary contains many articles, bringing the subjects 
dealt with up to date as far as is practicable. By “ practicableis meant the limit 
of certainty, for although we do not contend that nothing is certain until it has stood 
the test of time for at least ten years, there is without question a condition of new¬ 
ness of new knowledge which may make publication rash and premature, although 
to withhold issue of correct data for as long as ten years would render a great deal 
of most valuable matter unavailable for use and impose an unnecessary hardship 
on the present-day enquirer. 

Nevertheless it has to be remembered that modern research conditions involve a 
great deal of haste, and methods of manipulation are used which give a quick answer, 
yet not one on which reliance can always be placed. Moreover, the tendency to aim 
directly at the main issue leaves much of the intervening ground unexplored and is 
apt to leave the initial discovery unsupported. Some of the work of this kind 
will have to be repeated before the facts it has discovered yield their fullest value. 
It is a great gift to be able do work with exceedingly small quantities, but the 
manipulative skill required tiwrj^or is possessed by few. The Baeyers, Fischers 
and Robinsons of the chemical \^orkl arerrafe, and not everyone who adopts micro¬ 
methods is competent to use them. \ / 

Several press criticisms of Volume III of the Dictionary drew attention to a 
weak point which we had always known to exist, that is, the lack of an “ Interim 
Index, to serve the purposes of a register until the General ” Index is published at 
the end of the final Volume. We have failed to remedy this defect; the difficulty is 
a practical one because, if any “ Interim or ‘‘ Abridged Index is published in an 
intermediate volume, it will become useless and even misleading when the full and 
complete index is issued. It must be remembered that such an “ Abridged ” 
Index would only constitute a list of the cross-references Which would have formed 
separate entries had the Dictionary been published as a complete work. 

We have again to thank Dr. J. N. Goldsmith for his help and assistance in reading 
the proofs, as well as for many valuable suggestions. Dr. Goldsmith’s knowledge of 
the manner in which the wealth hidden in the London libraries can be utilised is 
extensive. To the printers also great praise is due for the clearness of the print 
and formulae; without their expert help and advice it would have been impossible 
to have given the fourth Volume the appearance it shows. 

We are indebted to many of our old students for help in the compilation of this. 
Volume, and we wish to express our thanks to them for their assistance. 

J. F. THORPK 
M. A. WHITELEY. 


South Kehsinoton, 
April, 1940. 
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Bull. Soc. Sci. Hyg. aliment. Bulletin do la Societe Scientifique d’Hygiene alimentaire. 

Bull. U.S. Geol. Survey . . Bulletin of the U.S. Geological Survey. 

Canad. Chem .Canadian Chemistry and Process Industries. 

Canad. Dairy dh Ice Cream J. Canadian Dairy and lee Cream Journal. 

Canad. J. Rea .Canadian Journal of Research. 

Canada Dept. Mines Publ. . Canada Department of Mines Publications. 

Caoutchouc et Gutta-Percha . Le Caoutchouc et le Gutta-Percha. 

Celluloaechem .Cellulosechemie. 

Cement and Lime Manuf. . Cement and Lime Manufacture. 

Cereal Chem .Cereal Chemistry. 

Chaleur et Ind .Chaleur et Industrie. 

Chern,. Age .Chemical Age. 

Chem, Ind .Chemistry and Industry. 

Chem. App .Chemische Apparatur. 

Chem* Eng. Min. Rev. . . Chemical Engineering and Mining Review. 

Chem. Erde .Chemie der Erde. 
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Ann. Rep . 

Chim. e VInd. 

Chim.. et Ind. 

Chinese J. Physics. . 
Chinese J. Physiol. . 

Coal Age . 
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Coll. Czech. Chem. Comm. 
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Combustion .... 
Compi. rend . 

Compt. rend. Acad. Agric 
France 

Compt. rend. Acad. Sc 
U.R.S.S. .... 
Compt. rend. Soc. Biol. . 
Compt. rend. Trav. Lab 
Carlsberg .... 
Cornell Univ. Agric. Exp 

Sta. Bull . 

Current Sci . 

Cyprus Agric. J. 

Dairy Ind . 

Dansk Tidsskr. Farm. . 
Delaware Agric. Exp. Sta 

Bull . 

Dept. Chem. S. Australia 

Bull . 

Deut. med. Woch. 

Deut. Zuckerind . 

Dinglers Polytech. J. 

East Mailing Res. Sta., Ann 

Repts., etc . 

Econ. Proc. Roy. Dubl. Soc 
Empire Cotton Growing Rep 

Exp. Sta . 

Empire Cotton Growing Rev 
Empire J. Exp. Agric. . 
Eng. and Min. J. 

Ergebn. Physiol. . 

Ermhr. Pflanze . 
Erndhrung .... 

F.P . 

Farbe u. Lack .... 

Farben-Chem . 

Farben-Ztg . 

Fdrber’Ztg . 

Fermentforsch . 

Fert. Feeding Stuffs J. . . 

Fette u. Seifen .... 
Feuerwngstech . 


. Die Chemische Fabrik. 

Chemische Industrie. 

Clicmicke Listy pro Vedu a Prumysl. Organ de la “ Ceska chemioka 
Spole^nost pro Vedu a Pri'imysl.” 

Chemical and Metallurgical Engineering. 

Chemicky Obzor. 

Annual Reports on the Progress of Chemistry, issued by the 
Chemical Society. 

Chemisation of Socialistic Agriculture (U.S.S.R.). 

Chemical Trade Journal. 

Chemisch Weekblad. 

Chemisohes Zentralblatt. 

Chemiker-Zeitung. 

Cheshunt Agricultural Experiment Station Annual Reports. 

La Chimica e Tlndustria. 

Chimie et Industrie. 

Chinese Journal of Physics. 

Chinese Journal of Physiology. 

Coal Age. 

Coal Carbonisation. 

Collection of Czechoslovak Chemical Communications. 

Colliery Engineering. 

Colliery Guardian. 

Collegium. 

Colorado Agricultural Experiment Station Bulletin. 

Combustion. 

Comptes rendus hebdomadaires des Seances de I'Acad^mie des 
Sciences. 

Comptes rendus hebdomadaires des Stances de TAcademie 
d'Agriculture de France. 

Comptes rendus de I’Acaddmie des Sciences de ITJ.R.S.S. 

Comptes rendus des Seances do la Soci6te de Biologie. 

Compt€)S rendus des Travaux du Laboratoire Carlsberg. 

Cornell University Agricultural Experiment Station Bulletin. 
Current Science. 

Cyprus Agricultural Jounial. 

Dairy Industry. 

Dansk Tidsskrift for Farmaci. 

Delaware Agricultural Experiment Station Bulletin. 

Department of Chemistry, South Australia, Bulletins. 

Deutsche medizinische Wochenschrift. 

Die Deutsche Zuckerindustrie. 

Dinglers Polytechnisches Journal, 

East Mailing Research Station, Annual Reports, etc. 

Economic Proceedings of the Royal Dublin Society. 

Empire Cotton Growing Reports of the Experimental Station. 
Empire Cotton Growing Review. 

Empire Journal of Experimental Agriculture. 

Engineering and Mining Journal. 

Ergebnisse der Physiologie. 

Emahrung der Pflanze. 

Die Ernahrung. 

French Patent. 

Farbe und Lack, 

Farben-Chemikor. 

Farben-Zeitung. 

Deutsche Ffijl^r-Zeitung. 

Fermentforschung. 

Fertiliser, Feeding Stuffs and Farm SuppUes Journal. 

Fette und Seifen. 

Feuenmgstechnik. 
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Fuel . 
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Gas Ind . 

Gas J . 

Gaa Times . 

Gaa~ u. Wasserfach . 

Qazzetta . 
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Georgia Agric. Exp. Sta. 

Bull . 

Oes. Abh. Kennt. Kohle . 

Glass Ind . 

Qlasahiitte . 

Oummi-Ztg . 

Hawaii Agric. Exp. Slat. 


I Finska Kemistsamfundots Meddelanden (Suomen Kemistifleuran 
Tiedonaritoja). 

Florida Agricultural Experiment Station Bulletin. 

Food Manufacture. 

Food Research. 

Foundry Trade Journal. 

Fruit Products Journal. 

Fuel in Science and Practice. 

Fuel Economist. 

Fuel Economy Review. 

German Patent. 

Gas Age-Record. 

Gas Industry. 

Gas Journal. 

Gas Times. 

Gas- und Wasserfach. 

Gazzetta chimica italiana. 

Geological Magazine. 

Georgia Agricultural Experiment Station Bulletin. 

Gesammolte Abhandlungen der Kenntnis der Kohle. 

Glass Industry. 

Die Glasshiitte. 

Gum mi -Zeitung. 


Bull . 

Helv. Chim. Acta ... 
Imp. Bur. Soil Sci. Tech. 

Comm . 

Ind. Gh.em . 

Ind. Eng, Chem. 

Ind Eng. Chem. [Arud.] 
Indian J. Agric. Sci. 

Indian J. Med. Res. 

Indian J. Physics 
Indian J. Vet. Sci. . 

Indian Lac Rea. Inst. Bull. 

India-rubber J . 

Int. Rev. Agric . 

Int. Sugar J . 

Iron Age . 

Iron Steel Inst. Carnegie 

Schol. Mem . 

J.C.S . 

J.S.C.I . 

J. Agric. Chem. Soc. Japan 

J. Agric. Res . 

J. Agric. Sci . 

J. Amer. Ceram. Soc. 

J. Amer. Chem. Soc. . . I 

J. Amer. Leather Chem. \ 

Assoc . 

J. Amer. Med. Assoc. 

J. Amer. Pharm. Assoc. 

J. Amer, Soc. Agron. 

J. Amer, Soc. Mech. Eng. . 
J. Amer, Water Works Assoc. 
J. Appl. Chem. Russia . 

J. Appl. Physics 
J. Assoc. Off. Agric. Chem. . 

J. Austral. Inst. Agric. Sci, 

J. Bc^t . 

J . Biochem, Japan . 

J. Biol. Chem . 

J . Brit. Dairy Farmers* 

Assoc, . . 

J. Brit. Wood Pres. Assoc. . 

J. Camad, Min. Inst. 

J. Cellulose Inst. Tokyo. 


Hawaii Agricultural Experiment Station Bulletins. 

I Helvetica Chimica Acta. 

Imperial Bureau of Soil Science, Technical Communications. 
Industrial Chemist. 

Industrial and Engineering Chemistry. 

Industrial and Engineering Chemistry, Analytical Edition. 
Indian Journal of Agricultural Science. 

Indian Journal of Medical Research. 

Indian Journal of Physics. 

Indian Journal of Veterinary Science. 

Indian Lac Research Institute Bulletin, 

India-rubber Journal. 

International Review of Agriculture. 

International Sugar Journal. 

Iron Age. 

Iron and Steel Institute, Carnegie Scolarship Memoirs. 
Journal of the Chemical Society. 

Journal of the Society of Chemical Industry. 

Journal of the Agricultural Chemical Society of Japan. 
Journal of Agricultural Research. 

Journal of Agricultural Science. 

Journal of the American Ceramic Society. 

Journal of the American Chemical Society. 

Journal of the American Leather Chemists’ Association. 
Journal of the American Medical Association. 

Journal of the American Pharmaceutical Association. 

Journal of the American Society of Agronomy. 

Journal of the American Society of Mechanical Engineers. 
Journal of the American Water Works Association. 

Journal of Applied Chemistry, Russia. 

Journal of Applied Physios {formerly Physics). 

Journal of the Association of Official Agricultural Chemists. 
Journal of the Australian Institute of Agricultural Science. 
Journal of Bacteriology. 

Journal of Biochemistry, Japan. 

Journal of Biological Chemistry. 

Journal of the British Dairy Farmers’ Association. 

Journal of the British Wood Preserving Association. 

Journal of the Canadian Mining Institute. 

Cellulose Industry, Journal of the Cellulose Institute, Tokyo. 
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J. Chem, Eng. China , . Journal of Chemical Engineering, China. 

J. Chem, Ind. Buss. . . Journal of Chemical Industry, Russia. 

J. Chem. Met. Soc. S. Africa Journal of the Chemical, Metallurgical, and Mining Society of South 

Africa. 

J. Chem. Physics . . . Journal of Chemical Physics. 

J. Chem. Soc. Japan . . Journal of the Chemical Society of Japan. (Nippon Kwagaku 

Kwai Shi.) 

J. Chim. phys .Journal de Chimio physique. 

J. Chinese Chem. Soc. . . Journal of the Chinese Chemical Society. 

J. Coll. Agric. IJoJckaicIo . Journal of the College of Agriculture, Hokkaido Imperial University, 

Jaj)an. 

J. Coll. Agric. Tokyo . . Journal of the College of Agriculture, Imperial University of Tokyo, 

Japan. 

J. Coll. Eng. Tokyo . . . Journal of the College of Engineering, Imperial University of 

Tok3'^o. 

J. Coil. Sci. Tokyo . . . Journal of the College of Science, Imperial University of Tok\ o. 

J. Counc. Sci. Ind. Bes. Journal of the Council of Scientific and Industrial Research of 
Australia Australia. 

J. Dairy Res .loumal of Dairy Research. 

J. Dairy Sci .Journal of Dairy Science. 

J. Dept. Agric. I.F.S. . . Journal of the Department of Agriculture of the Irish Free State. 

J. Dept. Agric. Kyushu . . Journal of the Department of Agriculture, Kyushu Imperial 

University. 

J. Dept. Agric. S. Australia Journal of the Department of Agriculture, South AustraUa. 

J. Dept. Agric. Victoria. . Journal of the De[>artment of Agricult ure, Victoria. 

J. Dept. Agric. W. Australia Journal of the Department of Agriculture, Western Australia. 

J. Econ. Eniomol .Journal of Economic Entomology. 

J. Egypt. Med. Assoc. . . Journal of the Egyptian Medical .Association. 

J. Electrodep. Tech. Soc. . Journal of the Electrodepositors Teclinical Society. 

J. E.vp. Biol .Journal of Experimental Hiology. 

J. Exp. Med .Journal of Experimental Mtulicinc. 

J. Franklin Inst. . . . Journal of the Franklin Institute. 

J. Fuel Soc. Japan . . . Journal of the Fuel Society of Japan. 

J. Gen. Chem. Buss. . . Journal of General Chemistry, Russia (formerly J. Russ. Phys, 

Chem. Soc.). 

J. Oen. Physiol .Journal of General Physiology. 

J. Oeol .Journal of Geology. 

J. Qeol. Soc. Tokyo . . . Chishitsugaku Zasshi (Journal of the Geological Society of Tokyo), 

J. Hygiene .Journal of Hygiene. 

J. Ind. Hyg .Journal of Industrial Hygiene and Toxicology. 

J. Indian Chem. Soc. . . Journal of the Indian Chemical Society. 

J. Indian Inst. Sci. . . . Journal of the Indian Institute of Science. 

J. Inst. Brew .Journal of the Institute of Brewing. 

J. Inst. Fuel .Journal of the Institute of Fuel. 

J. Inst. Metals .... Journal of the Institute of Metals. 

J. Inst. Petroleum Tech. . Journal of the Institution of Petroleum Technologists. 

J. Inst. Sewage Purif. . . Joumal of the Institute of Sewage Purification. 

J. Iron and Steel Inst. . . Journal of the Iron and Steel Institute. 

J. Jap. Ceram. Assoc. . . Journal of the Japanese Ceramic Association. 

J. Landw. . . . ^. . Journal fiir Landwirtschaft. 

J. Marine Biol. Assoc. . . Joumal of the Marine Biological Association of the United Kingdom. 

J. Med. Bes .Journal of Medical Research. 

J. Min. Agric .Journal of the Ministry of Agriculture. 

J. Min. Agric. N. Ireland . Journal of the Ministry of Agriculture of Northern Ireland. 

J. New England Water 

Works Assoc .Journal of the New England Water Works Association. 

J. Nutrition .Journal of Nutrition, 

J. Oil Col. Chem. Assoc. . Journal of the Oil and Colour Chemists’ Association. 

J. Opt. Soc. Amer. . . . Journal of the Optical Society of America. 

J. Org. Chem .Journal of Organic Chemistry. 

J. Path. Bact .Journal of Pathology and Bacteriology. 

J . Pharm. Chim. . . . Journal de Pharmacie et de Chimie. 

J. Pharm. Exp. Ther. . . Journal of Pharmacology and Experimental Therapeutics. 

J. Pharm. Soc. Japan . . Joumal of the Pharmaceutical Society of Japan. (Yakugakuzasshi.) 

J. Phys. Chem. Buss. . . Shurnal Fizitscheskoi Chimii. 

J. Phys. Badium . . . Joumal de Physique et lo Radium. 

J. Physical Chem. . . . Joumal of Physical Chemistry. 

J. Physiol .Journal of Physiology. 

J. Physiol. Path. gin. . . Journal de Physiologie et de Pathologic g^n^rale. 
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J. S. African Chem. Inst. . 
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J. Sci. Instr . 
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J. Soc. Arts . 

J. Soc. Chem. Ind. Japan . 

J. Soc. Dyers and Col. . 

J. Soc. Class 7'ech. . 

J. Soc. Leather Trades' 
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J. South‘Hast. Agric. Coll. . 

J. State Med . 

J. Text. Inst . 

J. Univ. Bombay 
J. Usines Oaz 

J. Washingfo7i Acad. Sci. . 
J. West Scotland Iron Steel 

Inst . 

Jahrh. geol. Reichsanst. . 
Jahrb. Min. .... 
Jalirb. Min. Beil.-Bd. . 

Jahrb. Radioaltiv. . 

Jahrb. wiss. Bot. 

Jahresbi r . 

Japan. J. Med. Sci. 

Japan. J. Physics . 

Japan Nickel Rev. . 

Jerjikont. Ann . 

Kali . 

Kentucky Agric. Exp. Stat. 

Bull . 

Keram. Rundsch. 

Klin. Woch . 

Kolloid-Beih . 

Kolloid. Shurn . 

Kolloid-Z . 

Lait . 

Lancet . 

Landw. Jahrb . 

Landw. Versuchs-Stat. . 
London Shellac Res. Bur., 
Tech. Paper .... 
Louisiana Planter 
Malay. Agric. J. ... 
Mass. Agric. Exp. Sta. Bull. 

Materie Plast . 

Medd. K. Vetenskapsakad. 

Nobd-Insi . 

Mem. Accad. Lincei. 

Mem. Accad. Sci. Torino . 
Mem. Coll. Agric. Kyoto 


Journal of Pomology and Horticultural Science. 

Journal fiir praktische Chemie. 

Journal and Proceedings of the Asiatic Society of Bengal. 

Journal and Proceedings of the Australian Chemical Institute. 

Journal and Proceedings of the Royal Society of New South Wales. 
Journal of Research of the National Bureau of Standards. 

Journal of the Royal Agricultural Society. 

Journal of the Royal Horticultural Society. 

Journal of the Royal Microscopical Society. 

Journal of the Royal Society of West Australia. 

Journal of the Royal Technical College (Glasgow). 

Journal of Rubber Research. 

Journal of the Rubber Research Institute of Malaya. 

Journal of the South African Chemical Institute. 

Journal of Science of the Hiroshima University. 

Journal of Scientific Instruments. 

Journal of Science and Technology, India. 

Journal of the Scottish Meteorological Society. 

Journal of the Royal Society of Arts. 

Journal of the Society of Chemical Industry, Japaii. (Kogyo 
K wagaku Zasshi.) 

Journal of the Society of Dyers and Colourists. 

Journal of the Society of Glass Teclinology. 

Journal of the International Society of Leather Trades’ Chemists. 
Journal of the South-Eastern Agricultural College, Wye, Kent. 
Journal of State Medicine. 

Journal of the Textile Institute. 

Journal of t he University of Bombay. 

Journal des Dsines a Gaz. 

Journal of the Washington Academy of Sciences. 

Journal of the West of Scotland Iron and Steel Institute. 

Jahrbuch der geologisehen Reichsanstalt. 

Kcucs Jahrbuch fur Minoralogie, Geologic und Palaoontologie. 

Neues Jahrbuch fiir Mineralogie, Geologic und Palaeontologie, 
Beilage-Band. 

Jalirbuch der Radioaktivitat und Elektronik. 

Jahrbuch fiir wissenschafl liche Botanik. 

Jahresbcrichte iiber die Eortschritte der Chemie und verwaudter 
Theile aiiderer Wissenschafteii. 

Japanese Journal of Medical Sciences. 

Japanese Journal of Physics. 

Japan Nickel Review. 

Jeni-kontorets Annaler. 

Kali. 

Kentucky Agricultural Experimental Station, Bulletin. 

Keramische Rundschau. 

Klinische Wochenschrift. 

Kolloid-Beihefte. 

Kolloidni Shurnal. 

Kolloid-Zeitschrift. 

Lo Lait. 

The Lancet. 

Landwirtschaftlicbe Jahrbucher. 

Dio landwirtschaftlichen Versuchs-Stationen. 

London Shellac Research Bureau, Technical Paper. 

Louisiana Planter. 

Malayan Agricultural Journal. 

Massachusetts Agricultural Experiment Station Bulletin. 

Materie Plastiche. 

Meddelanden fr&n Kongl-Vetenskapaakademiens Nobel-Institut. 
Memorie deUa Reale Accademia Nazionale dei Lincei. 

Memorie deUa Reale Accademia delle Scienze di Torino. 

Memoirs of the College of Agriculture, Kyoto Imperial 
University. 
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Mem. Inst. Chem. Ukrain 
Acad. Set. 
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Met. ds Alloys . . . . 

Met. Clean, and Fin. 

Metal Ind. {Land.) . 

Metal Ind. {N.Y.) . . . 

Metal Progr . 

Metall u. Erz .... 

Metallges. Rev . 

Metallurgia . 

Metals Tech . 

Metro'p. Water Bd. Rep. 
Mich. Agric. Exp. Sta. Bull. 

Mihrochem . 

Milch. Forsch . 

Milch. Zentr . 

Milk Ind . 

Milk Plant Month. . 

Min <fr Met . 

Min. Mptg . 

Missouri Agric. Exp. Sta. 

Res. Bull . 

Mi tt. K ohlenforschungsinst. 

Prag . 

Mitt. Lebensm. Hyg. 

Mitt. MaterialprUf, . 

Mitt. med. Ges. Tokyo . 
Mitt, Path. Inst. K. Univ. 
Japan 

Mitt. Textilforsch. Krefeld . 
Monatsh . 

Montana Agric. Exp. Sta. 

Bull . 

Month. J. Inst. Metals . 
Month. Rep. Dept. Agric, N. 
Ireland. 

MUhlenlab . 

Munch, med. Woch. . 

Nachr. Ges. Wiss. Gottingen 
Nat. Butter d Cheese J. 

Nat. Paint Var. Assoc. Circ. 

Naturwiss . 

Natuurwetensch. Tijds. . 

New Damps. Agric. Exp. 

Sta. Bull . 

New Jersey Agric. Exp. Sta. 

Bull . 

New Phytol . 

New York Agr. Expt. Sta. 

Bull . 

New York {Geneva) Agric. 

Exp. Sta. Bull. 

New Zealand Dominion 

Laby. Rept . 

New Zealand J. Sci. Tech. . 
Nova Acta Soc. Sci. . 

Nutr. Abs . 

Ofvers. Finska Vet.-Soc. 

Od u. KoUe . j 


. Memoirs of the College of Science, Kyoto Imperial University. 

. Memoirs of the Department of Agriculture in India. 

. Memoirs of the Institute of Chemistry, Ukrainian Academy of 
Sciences. 

. Memoirs and Proceedings of the Manchester Literary and Philo¬ 
sophical Society. 

, Memorial des Poudres. 

M^moires et Compte rendu des Travaux de la Soci6t6 des Ingenieurs 
Civils de Franco. 

Metals and Alloys. 

Metal Cleaning and Finishing. 

Metal Industry. 

Metal Industry (New York). 

Metal Progress. 

Metall und Erz. 

Metallgesellschaft Periodic Review. 

Metallurgia. 

Metals Technology. 

Metropolitan Water Board Reports. 

Michigan i\griculturaJ Experiment Station Bulletin. 

Mikrochemie. 

Milchwirtschaftliches Forschungen. 

Milchwirtschaftliches Zentralblatt. 

Milk Industry. 

Milk Plant Monthly. 

Mining and Mefallurgy. 

Mineralogical Magazine and Journal of the Mineralogical Society. 

Missouri Agricultural Experiment Station Research Bulletin. 

Mitteilungen des Kohlenforschungsinstituts in Prag. 

MitU'ilungen aus dem Gehiete der Lebensmitteluntersuchungen und 
Hygiene. 

Mitteilungen aus dem Materialpriifungsamt zu Gross-Lichterfelde 
West. 

Mitteilungen der medizinischen Gesellschaft zu Tokyo. 

Mitteilungen aus dem pathologischen Institut der Kaiserlichen 
Universitat zu Sendai, Japan, 

Mitteilungen der Textilforschungsanstalt Krefeld e.V. 

Monatshefte fiir Chemie und verwandte Teile anderer Wissen- 
schaften. 

Montana Agricultural Experiment Station Bulletin, 

Monthly Journal of the Institute of Metals. 

Monthly Reports of the Department of Agriculture of Northern 
Ireland. 

Das Miihlenlaboratorium. 

Miinchener medizinischo Wochenschrift. 

Nachrichten von der Gesellschaft der Wissenschaften zu Gottingen, 
National Butter and Cheese Journal. 

National Paint, Varnish, and Lacquer Association, Inc., Circular. 
Die Naturwissenschaften. 

Natuurwetenschappelijk Tijdschrift. 

New Hampshire Agricultural Experiment Station Bulletin. 

New Jersey Agricultural Experiment Station Bulletin. 

New Phytologist. 

Now York State Agricultural Experiment Station Bulletins. 

New York (Geneva) Agricultural Experiment Station Bulletin. 

New Zealand Dominion Laboratory Reports. 

New Zealand Journal of Science and Technology. 

Nova Acta Regiae Sooietatis Scientiarum Upsafiensis, 

Nutrition Abstracts and Reviews. 

Ofversigt af Finska Vetenskaps-Sooiet^tens Fdrhandlingar, 
Helsingfors. / 

Oel und Kohle. 
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Off. Digest . 

Ohio Agric. Exp. 8ta. Bvl 
Oil and Oas J. . . . 

Oklahoma Agric. Exp. 

Bull . 

Ole, Fette, Wdchse . 

Osterr. Chem.-Ztg. 

Oversigt Danske Vid. Selsk 

Pacific Pulp and Paper In 
Paint and Far. Prod. Man 
Paint Manuf. 

Paint, Oil, and Chem. Rev. 

Paint Tech . 

Paper Ind . 

Paper-Maker 

Paper Trade J. . . . 

Papier-Fabr . 

Peint., Pig., Ver. 

Perf. df Essent. Oil Rec. 
Petroleum .... 
PfiUger's Archiv . 

Pharm. J . 

Pharm. Weekblad 
Pharm. Zentr. 

Pharm. Zlg . 

Philippine Agric. 

Philippine J. Sci. 

Phil. Mag . 

Phil. Trans . 

Phot. Ind . 

Phot. J . 

Phot. Korr . 

Physica . 

Physical Rev. 

Physics . 

Physikal. Z . 

Physikal. Z. Sovietunion 
Plant Physiol. 

Planta (Z. wiss. Biol.) . 

Plast. Massi . 

Poultry Sci . 

Proc. Acad. Sci. Agra and 
Oudh 

Proc. Amer. Acad. Arts Sci. 
Proc. Amer. Oas Assoc. . 
Proc. Amer. Phil. Soc. . 
Proc. Amer. Physiol. Soc. . 
Proc. Amer. Soc. Biol. Chem. 
Proc. Amer. Soc. Test. Mat. 
Proc. Austral. Inst. Min. 

Met . 

Proc. Camb. Phil. Soc. . 
Proc. Chem. Eng. Group 

Proc. Durham Phil. Soc. 

Proc. Eng. Soc. W. Pa. . 

Proc. Imp. Acad. Tokyo 
Proc. Indian Acad. Sci. 

Proc. Inst. Mech. Eng. . 
Proc. Internal. Cong. Soil 

Sci . 

Proc. IrUernat. Soc. Soil Sci. 
Proc. K. Akad. Wetensch. 
Amsterdam 

Proc. Leningrad Dept. Inst. 

Fert . 

Proc. Muslim Assoc. 


, Official Digest of the Federation of Paint and Varnish Production 
Clubs. 

Ohio Agricultural Experiment Station Bulletin. 

Oil and Gas Journal. 

Oklahoma Agricultural Experiment Station Bulletin. 

Ole, Fette, Wachse, Seife, Kosmetik. 

Osterreichische Chemiker-Zeitung. 

Oversigt over det Kongelige Danske Videnskabernos Selskabs 
Forhandlingar. 

Pacific Pulp and Paper Industry. 

Paint and Varnish Production Manager. 

Paint Manufacture. 

Paint, Oil, and Chemical Review. 

Paint Techn<)logy. 

Paper Industry. 

I’aper-Maker and British Paper Trade Journal. 

Paper Trade .lournal. 

Papier-Fal>rikant. 

Peinture, Pigment, Vcrnis. 

Perfumery and Essential Oil Record. 

Petroleum (Cennan). 

Archiv fiir die gesamte Physiologic des Menschcn und dor Tiere. 
Pharmaceutical .1 ournal. 

Pharraaceutisch VVeok 1 >lad. 

Pharma/eutische ZentralhalJc. 

PI)armazeutis(‘ho Zeitung. 

Philippine Agriculturist. 

Philippine Journal of Science. 

Philosophical Magazine (The London, Edinburgh, and Dublin). 
Philosophical Transactions of the Royal Society of London. 
Photographische Industrie. 

Photographic Journal. 

Photographische Korrespondenz. 

Physica. 

Physical Review. 

Physics {now Journal of Applied Physics). 

Physikalisciio Zeitschrift. 

Physikalische Zeitschrift der Sovietunion. 

Plant Physiology. 

Planta (Zeil.schrift fiir wissenschaftlicho Biologic). 

Plastitschekie Massi. 

Poultry Science. 

Proceedings of the Academy of Sciences of the United Provinces of 
Agra and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. 

Proceedings of the American Philosophical Society. 

Procee^dings of the American Physiological Society. 

Proceedings of the American Society of Biological Chemists. 
Proceedings of the American Society for Testing Materials, 

Proceedings of the Australasian Institute of Mining and Metallurgy. 
Proceedings of the Cambridge Philosophical Society. 

Proceedings of the Chemical Engineering Group <»f the Society of 
Chemical Industry. 

Proceedings of the University of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of Western Pennsylvania. 
Proceedings of the Imperial Academy (Tokyo). 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institution of Mechanical Engineers. 

Proceedings of the International Congress of Soil Science. 
Proceedings of the International Society of Soil Science. 

Koninklijke Akademie van Wetenschappen te Amsterdam. Pro¬ 
ceedings (English version). 

Proceedings of the Leningrad Departmental Institute of Fertilisers. 
Proceedings of the MusUm Association for the Advancement of 
Science. 
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Proc. Nat. Acad. Sci. 

Proc. Nova Scotian Inst. Sc 
Proc. Phil. Soc. Glasgow 
Proc. Physical Soc. . 

Proc. Physiol. Soc. . 

Proc. Ray. Inst. . 

Proc. Roy. Irish Acad. . 
Proc. Roy, Soc. . 

Proc. Roy. Soc. Edin. 

Proc. Roy. Soc. Med. 

Proc. Roy. Soc. Queensland 
Proc. Roy. Soc. Tasmania 
Proc. S. Wales Inst. Eng. 
Proc. Sci. Assoc.t Viziana 
gram 

Proc. Soc. Biol. Chem. India 
Proc. Tech. Sect. Paper 

Makers" Assoc. 

Proc. U.S. Nat. Mas. . . 

Przcmysl Chem . 

Puhl. Fac. Sci. Univ. 

Masaryk 


Proceedings of the National Academy of Sciences. 

Proceedings of the Nova Scotian Institute of Science. 

Proceedings of the Glasgow Philosophical Society. 

Proceedings of the Physical Society of London. 

Proceedings of the Physiological Society. 

Proceedings of the Royal Institution of Great Britain. 

Proceedings of the Royal Irish Academy. 

Proceedings of the Royal Society. 

Proceedings of the Royal Society of Edinburgh. 

Proceedings of the Royal Society of Medicine. 

Proceedings of the Royal Society of Queensland. 

Proce(^dings of tlie Royal Society of Tasmania. 

Proceedings of the South Wales Institut e of Engineers. 

Proceedings of the Science Association, Maharajah’s College, 
Vizianagram. 

Proceedings of the Society of Biological Chemists, India. 
Proceedings of the Technical Section of the Paper Makers’ Associa¬ 
tion of Great Britain and Ireland. 

Proceedings of the United States Nat ional Museum. 

Przeraysl Cheniiczny. 

Publications de la Faculte dcs Sciences de TUniversite Ma.saryk 
(Spisy vydavane Prirodov^deckou Facoullou Masarykovy 
University). 


Pulp and Paper Mag. 

Canada . 

Quart. J. Exp. Physiol. . 
Quart. J. Qeol. Soc. . 

Quart. J. Med . 

Quart. J. Pharm. 

Queensland J. Agric. 

Rayon Text. Month. 

Rec. Australian Mus. 

Rec. trav, hot, Neerland. 

Rec. trav. chim . 

Refiner . 

Rend. Accad. Sci. Fis. Mat. 
Napoli 

Rend. 1st. Lomb. Sci. Lett. . 
Rensselaer Polyt. Inst. Bull. 
Rep. Aust. Assoc. Sci. . 

Rep. Brit. Assoc. 


Pulp and Paper Magazine of (’anada. 

Quarterly Journal of Kxiieriinental Physiology. 

Quarterly Journal of the Geological Society. 

Quarterly Journal of Medicine. 

Quarterly Journal of Pharmacy and Pharmacology. 

Queensland Journal of Agriculture. 

Rayon Textile Monthly. 

Records of the Australian Museum. 

Recueil des travaux botaniques Neerlandaises. 

Recueil des travaux (;himi({ues des Pays-Bas. 

Refiner and Natural Gasoline Manufacturer. 

Uendi(}onto dell’ Accademia delle Scionzo Fisiche o Matematiohe, 
Napoli. 

Rcndiconti doll’ Realo Istituto Lombardo di Scienze e Lettere. 
Rensselaer Polytechnic Institute Bulletin. 

Report of the Australian Association for the Advancement of 
Science. 

Report of the British Association for the Advancement of 
Science. 


Res. Stud. State Coll. Wash¬ 
ington . 

Rev. Aluminium 

Rev. Chim. Ind . 

Rev. Chim. pura appl. . 

Rev. Comb, liq . 

Rev. Fac. Quirn. Ind. Agric. 
Rev. Gen. Mat. Ccl. . 

Rev. Met . 

Rev. Mod. Physics. . 

Rev. Quim. Farm. 

Rev. Sci. Instr . 

Rocz. Chem . 

Rubber Chem. Tech. . 
Shorn. Trud. Ukrain. Chim. 
Inst. Odessa 

Sci. Agric . 

Sci. and Cult . 

Sci. et Ind . 

Sci. Ind. Rep. Roure- 
Bertrand Fils .... 
Sci. Mem. Univ. Saratov 
Sci. Papers Inst. Phys. Chem. 
Res. Tokyo 

Sci. Proc. Roy. Dublin Soc. 
Sci. Quart. Nat. Univ. Peking 


Research Studies of the State College of Washington. 

Revue do FAluminium. 

Re vista de Chimica Industrial. 

Re vista de Chimica pura e applicada, Orgao do Sociodade Portu- 
guesa do Qufmica e Fi'sica. 

Revue des Combustibles liquides. 

Revista de la Faeultad de Quimiea Industrial y Agrioola. 

Revue G6n6rale des Mati6ros Colorantea. 

Revue de Metallurgie. 

Review of Modern Physics. 

Revista de Quimiea e Farmacia. 

Review of Scientific Instruments. 

Roezniki Chemji organ Polskiego Towarzystwa Chemieznego. 
Rubber Chemistry and Technology. 

Sbomik Trudov Ukrainskogo Nautschno-Issledova-Telskogo 
Chimitscheskogo Instituta Odessa. 

Scientific Agriculture. 

Science and Culture, 

Science et Industrie. 

Scientific and Industrial Reports of Roure-Bertfand Fils. 

Scientific Memoirs of the University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research, 
Tokyo. 

Scientific Proceedings of the Royal Dublin Society. 

Science Quarterly of the National University of Peking. 
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Set. Rep, Hiroshima Tech 

Sch, . 

Sci. Rep, Tdholcu 
8ci, Rep. Tsing Hua Univ. 
Sci. Sect. Nat, Painty Va 
Assoc. Circ. 

Sci. Trans. Roy. Dub 

Soc . 

Scot. J. Agric. 

Seifens.'Ztg . 

Sewage Works J. 
Sitzungsber. Akad. Wiss 

Wien . 

Sitzungsber. Ueidelberge 
Akad, Tfm. 

Sitzungsber. Preuss. Akad 
Wiss. Berlin 
Smithsonian Misc. Coll. 

Soap . 

Soap Trade Rev. 

Soil Res . 

Soil Sci . 

Sparwiris . 

Sprechsaal .... 
Stahl u. Risen 

Stain Tech . 

Siaz. sper. agr. ital. . 

Steam Eng . 

Sugar Bull . 

Suornen Kem. 

Svensk Kem. Tidskr. 
Tasnumian Agric. J. 

Tech. Mitt. Krupp . 

Tech. Pubt. Tin Res. Counc 

Tech. Rep. Tdhoku . 

Tear u. Bitumen . 

Tekn. Tidsk . 

Texiilber . 

Tids. Kjemi .... 

Toniml.’Ztg . 

Trans. Amer. Inst. Chem 

Eng . 

Trans. Amer. Inst. Metals 
Trans. Amer, Inst. Min 
Met. Eng. 

Trans. Amer. Soc. Mech. 

Eng . 

Trans. Amer. Soc. Met. 
Trans. Ceram. Soc. . 

Trans. Electrochem. Soc. 
Trans. Faraday Soc. 

Trans. Inst. Min. Eng. . 
Trans. Inst. Min. Met. . 
Trans. Inst. Blast. Ind. . 
Trans. Inst. Rubber Ind. 
Trans. N. Eng. Inst. Min. 
Mech. Eng. 

Trans. New Zealand Inst. . 
Trans. Nova Scotia Inst. 

Sci . 

Trans. Roy. Irish Acad. 
Trans. Roy. Soc. Canada 
Trans. Roy. Soc. Edin. . 
Trans. Roy. Soc. S. Africa . 
Tram. Saratov Univ. 

Trap. Agric . 

Trop. Agric. {Trinidad). . 


Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tdhoku Imperial University. 

Science Reports of the National Tsing Hua University. 

Scientific Section, National Paint, Varnish, and Lacquer Association;, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scot tish Journal of Agriculture. 

Seifensieder-Zeitung. 

Sewage Works Journal. 

Sitzungsberichte der Akademie dor Wisscnschaften, Wien. 

Sitzungsberichte der Heidelbergcr Akademie der ^\'issenschaften. 
Sitzungsbericlitc der Preussiseben Akademie der Wisscnschaften zu 
Berlin. 

Smitlisonian Miscjellaneous Collection. 

Soaj). 

Soaj), 1‘erfumcry and Cosmetic Trade Review. 

Soil Research. 

Soil Sciene(‘. 

Sparwirtschaft. 

Sf)reci)saal. 

Stahl und Eisen. 

Stain Technology. 

Stazioni sperimentali agrarie itaiiane. 

St<iam Engineer. 

Sugar Bulletin. 

Suornen Kemistiloliti Acic Chemica Eennica. 

Svensk Kemisk Tidskrift. 

Tasmanian Agricnllural Journal. 

Teebnische Mitt('ilungen Krupp. 

Teelinieal Publications of the International Tin Itesearch and 
Development (^ouiunl. 

Technology Rejajuts of the Tohoku Imperial University, Sendai, 
Japan. 

Teer und Bitumen. 

Teknisk Tidskril't. 

Melliand 'rextilberichte. 

Tidsskrift for Kjemi og Bergvesen. 

Tonindustrie-Zeitung. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the Amtuican Institution of Metals. 

Transactions of tbe American Institute of Mining and Metallurgical 
EDgiiie(*rs. 


JYansactions of the American Society of Mechanical Engineers. 
Transactions of the American Society of Metals. 

Transactions of the Ceramic Society. 

Transactions of the Electrochemical Society. 

Transactions of tlie Faraday Society. 

Transactions of the Institution of Mining Engineers. 

Transactions of the Institution of Mining and Metallurgy. 
Transactions of the Institute of the Plastics Industry. 

Transactions of the Institution of the Rubber Industry. 
Transactions of the North of England Institute of Mining and 
Mechanical Engineers. 

Transactions of the New Zealand Institute. 

Transactions of the Nova Scotia Institute of Science. 

Transactions of the Royal Irish Academy. 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edinburgh. 

Transactions of the Royal Society of South Africa. 

Transactions of the Saratov University (Gelehrte Notizen der 
Saratover Staats Universitat). 

Tropical Agriculturist (Ceylon). 

Tropical Agriculture (Trinidad). 
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Tach. Min. Mitt. . . . 

U.S. Bur. Mines, Bull., 
Tech. Papers, and liept. 
Invest. 

U.S. Bur. Plant Ind. 

U.S. Dept. Agric. Bull, (or 

Circ.) . 

U.S. Hyg. Labor. Bull. , 
U.S.P . 


U.S. Publ. Health Rep. . . 

Uhrain. Biochem. J. 

Ukrain. Chem. J. . . . 

Union S. Africa Dept. Agric. 

Bulls . 

Univ. Illinois Bull. . 

Utah Agric. Coll. Exp. Stai. 

Bull .. 

Verh. Oeol. Reichsanst. Wien 
Verb. Qes. deut. Naturforsch. 
Aerize 

Vermont Agric. Exp. Sta. 
Bull. 

Verre et Silicates Ind. 

Vet. J. . . . 

Vet. Rec. . 

Virginia {Blacksburg) Exp. 

Sta. Bull. . 

Virginia Truck Exp. 

Bull. . . . 

Welsh J. Agric. . 

Wiss. Veroff. Siemens- 
Werken 
Woch. Brau. . 

World's Paper Tr. Re 
Z. angew. Chem. . 


Sta. 


Mineralogische und Petrographische Mitteilungen (Zeitschrift fur 
Kristallographie, Mineralogie, und Petrographie, Abteilung B). 
United States Bureau of Minos, Bulletins, Technical Papers, and 
Reports of Investigations. 

United States Bureau of Plant Industry. 

United States Department of Agriculture Bulletins (or Circulars). 
United States Hygienic Laboratory Bulletins. 

United States Patent. 

United States Public Health Reports. 

Ukrainian Biochemical Journal. 

Ukrainian Chemical Journal. 

Union of South Africa Department of Agriculture Bulletins. 
University of Illinois Bulletins. 

Utah Agricultural College Experiment Station Bulletins. 
Verhandlungen der Geologischen Reichsanstalt in Wien. 
Verhandlungen der Gesellschaft deutscher Naturforscher und 
Aertze. 

Vermont Agricultural ExfX'riment Station Bulletin. 

Verre et Silicates Industriels. 

Veterinary Journal. 

Veterinary Record. 

Virginia (Blacksburg) Experiment Station Bulletin. 

Virginia Truck Experiment Station Bulletin. 

Welsh Journal of Agriculture. 

W'issenschaftliche Verollentlichungen aus den Siemens-Werken. 
Wochenschrift fiir Braucrei. 

World’s Paper Trade Review. 

Zeitschrift fiir angewandte Cheiuie {changed to Angewandto Chemie 


Z. anal. Chem. . 

Z. anorg. Chem. . 

Z. Biol. . 

Z. deut. Oeol. Ges. 

Z. Elektrochem. . 

Z. Fleisch- Milch-Hyg. 
Z. ges. Brauw. 

Z. ges. exp. Med. 

Z. ges. Naturwiss. 

Z. ges. Schiess- u. 

stofjw. . 

Z, Hyg. . 

Z. Krist. . 

Z, Metdlk. 

Z. ParasiUnk. 

Z. Pflanz. Dung. 


Spreng- 


Z. Pflanzenkr. Pflanzen- 
schutz 

Z. Physik . 

Z. physikal. Chem. . 

Z. physikal. chem. Unterr. . 
Z. physiol. Chem. 

Z. pr. Oeol . 

Z. SpirittLsind . 

Z. Enters. Lebensm. 

Z. Ver. deut. Ing. . . . 

Z. Ver. deut. Zucker-Ind. . 

Z* Viteminforach. 

Z. Wirta. Zuckerivd. . . 


Z. wiaa. Bid. 


in 1932). 

Zeitschrift fiir analytischo Chemie. 

Zeitschrift fiir anorgauischo und allgemeine Chemie. 

Zeitschrift fiir Biologic. 

Zeitschrift dor deutseben Geologischon Gesellschaft. 

Zeitschrift fiir Elektrochemie. 

Zeitschrift fiir Fleisch- und Milch-Hygiene. 

Zeitschrift fiir das gesamte Brauwesen. 

Zeitschrift fiir die gesamte experimentello Medizin. 

Zeitschrift fiir die gesamte Naturwissensohaft. 

Zeitschrift fiir das gesamte Schiess- und Sprengstoffwesen. 
Zeitschrift fiir Hygiene und Infektionskrankhoiten. 

Zeitschrift fiir Kristallographie. 

Zeitschrift fiir Mctallkunde. 

Zeitschrift fiir Parasitenkunde. 

Zeitschrift fiir Pflanzanernahrung, Diingung, und Bodenkunde 
{title now changed to Bodenkunde und PflanzenernS-hrung). 
Zeitschrift fiir Pflanzenkrankheiten (Pflanzenpathologie) und 
Pdanzenschutz. 

Zeitschrift fiir Physik. 

Zeitschrift fiir physikalischo Chemie. 

Zeitschrift fiir den physikalischen und chemischen Unterricht. 
Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. 

Zeitschrift fiir praktische Geologie. 

Zeitschrift fiir Spiritusindustrie. 

Zeitschrift fiir Untersuchung der Lebensmittel. 

Zeitschrift Vereins deutscher Ingenieure, 

Zeitschrift des Vereins dor deutschen Zucker-Industrie {now 
changed to Z. Wirts. Zuokerind.). 

Zeitschrift fiir Vitaminforschung. 

Zeitschrift der Wirtsohaftsgnippe Zuckerindustrie (Vereins der 
deutschen Zucker-Industrie). 

Zeitschrift fiir wissenschaftliche Biologie. 
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Z. wise. Mikrosh. . . . Zeitschrift fiir wissenschaftliche Mikroskopie und mikroskopisohe 

Tcchnik. 

Z. wise. Phot. .... Zeitschrift fiir wissenschaftliche Photographie, Photophysik und 

Photochemie. 

Z. Zuchtung .Zeitschrift fiir Zuchtung. 

Z. ZiLcherind. Czechoslov. . Zeitschrift fiir die Zuckerindustrie der Cechoslovakischen Republik. 

Zdlatojf u. Papier . . . Zellstoff und Papier. 

Zement .Zement. 

Zentr. Bakt .ZeritrallJatt fiir Bakteriologio, Parasitenkunde und Infoktioiiskrank- 

heiten. 

Zentr, Min .Zentralblatt fiir Mineralogie, Greologie und Palaontologie. 

Zentr. Zuckerind. . , . Zentralblatt fiir Zuckerindustrie. 








A DIOTIONAEY OF 
APPLIED CHEMISTRY 


D— continued. 


m- and I GALL 1 C ACID, di clops ides of 

gallic acid, 

DIG IL A N i D E v. Cardia c^ Olycosidpls 
(Vol. 11, p. 385c). 

DIG IN IN V , Cardiac Glycosides (Vol. IT, 
p. 384c). 

DIGITALIN V . Cardiac Glycosides (Vol. 
II, p. 384cf). 

DIGITALINE CRISTALISEE-DIGI- 
TOXIN V , Cardiac Glycjosides (Vol. II, p. 
384a). 

DIGITALIS ALKALOIDS v. Cardiac 
Glycosides (Vol. 11. p. 383d). 

DIGITALOSE, C7H14O5, is tho sugar 
derived from digiialin and perhaps oleandrin. 
It has been shown by Kiliani (Her. 1916, 49, 
709) to be a methoxymethylpentose. Its con¬ 
stitution can be stated as 


OH H 

CH 3 CH( 0 H)CCH( 0 H)-CCH 0 
H bcHg 


leaving a choice among four possible formulae 
still to be made (Schmidt and Zeiser, Ber. 1934, 
67, LB], 2127). 

E. F. A. 

DIGITOXIGENIN v. Cardiac Glyco¬ 


sides (Vol. II, p. 3845). 

DIGITOXIN V . Cardiac Glycosides (Vol. 
II, p. 3845). 

DIGITOXOSE, C6HJ2O4, crystallises in 
prisms, m.p. 106°, [a],) -f 46°. This sugar is 
obtained by hydrolysis from the cardiac 
glycosides of the leaves of the foxgloves, viz. 
digitoxin, gitoxin, digoxin and lanadigin. 

It was first shown by Kiliani (Ber. 1905, 38, 
4040 ; 1916, 49, 709) to bo a reduced methyl- 
pentose, and finally by Micheel {ibid. 1930, 63, 
347) to have tho configuration : 

H H H 

CH3 C . C • C . CHj CHO 
OH OH OH 


which relates it to tho aldohexoses d-allose and 
d-altrose rather than to any hexose or methyl- 
pentose which is found naturally. As a natural 
deoxymethylpentose, it becomes of increased 
interest since the discovery of deoxyribose as a 
constituent of thymus nucleic acid (Levene and 
Mori, J. Biol. Chem. 1929, 83, 803). 

E. F. A. 


DIGOXIN V . Cardiac Glycosides (Vol. II, 
p. 3855). 

DIHYDROCARVEOL. The cyclic sec- 
ondary alcohol, hdihydrocarveok CioHjgO 
(II), b.p. 100 - 10277-8 mm., 0-9368, 
1-48364, -6-14°, occurs in oil of caraway 


Vol. 


IV.—l 


1 


(from the fruits of Caram Carvi) (Schimmcl’s 
Reports, 1905, 1, 50). The alcohol had, how¬ 
ever, been prepared previously by Leuckart 
(Ber. 1887,20, 114 ; see Lampe, “Bissertation,” 
Gottingen, 1889) by the reduction of carvone (I) 
with sodium and alcohol. Later it was obtained 
by Wallach (Ber. 1896, 24, 3984; Annalen, 1893, 
275, 111) by tho action of nitrous acid on dihydro- 
carvylamine (III), which is formed when carvone 
is heated with ammonium formate u nder pressure. 


CMe CHMe 



CHCMeiCH^ CH-CMerCHg 



CHMe 

/ \ 

H»C CHOH 

I I 

HX CH, 

II. CHCMeXHj 

The structure of dihydrocarveol was estab¬ 
lished by the investigations of Wallach (Annalen, 
1893, 275, 155 ; 277, 151) and of Tiemann and 
Sommlt'T (Ber. 1895,28, 2142) by oxidative degra¬ 
dation in accordance with the scheme given at top 
of p. 2. Dihydrocarveol has boon characterised 
by tho preparation of a crystalline p5ewy/are<Aane, 
d- and L, m.p. 87°; dL, m.p. 93°. Since the 
alcohol contains three asymmetric carbon atoms 
it should theoretically exist in eight optically 
active and four externally compensated modi¬ 
fications. Tschugaeff (Ber. 1902, 35, 2479) has 
attempted tho separation of the d- and l- 
dihydrocarveols (obtained by the reduction of 
d- and Lcarvones). From their liquid mothyl- 
xanthates ho prepared a crystalline amide, m.p. 
62-5-63-5° (dL, m.p. 95*5-96°), which gave on 
hydrolysis d-a-dihydrocarveol, b.p. 222*5- 
223°/749 mm., df 0-9204, 1-47818, [ajj, 

-f33-86°. A second d-)S-dihydrocarveol, b.p, 
120720 mm., df0-9266,m“ 1-48087, [a]i, + 7-64°. 
was obtained from the liquid amides and was 
therefore probably not homogeneous. Johnston 
and Read (J.C.S. 1934, 236) have prepared a 
d-dihydrocarveol, b.p. 106-8°/15mm., dj® 0-9223, 
n© 1-4784, [a]p 4-34*20°, by the hydrolysis of 
th© crystalline 'S: 5 -dinitrohenzoate, m.p. 121*5- 
122°, which from its constants appears to be 
identical with Tschugaeff’s d-a-dihydrooarveoL 



2 


DIHYDROCARVEOL. 


CHMe 
'^h c 

H.d (1 h, 


CHCMerCH, 


CHMe 

/ \ 

HjC CHOH 

Hjct (Ihj 

“ \ “ +h,s6, 

CHCMe(OH)CHoOH 


^HOH 

( 1 h, 

''CH^OMe 


j INaWDI 

CHMe 


HC COH H»C 

I il -- I 

HC CH Brat 190“ H.C 

\ 

C COjH C 

They have described also an/-weodihydrocarveol, carhazone, m.p. {dl-, 

b.p. 101-102718 mm., 1-4812, [a],, -33-2° (Baeyer, Ber. 1894, 27, 23 ; 

(\)-nitrobenzoate, m.p. 106-107^^ ; 3:5-dinitro- 1895,28,1960). 

benzoate, m.p. 138-138-57, which was obtained ihhydrocarvone (11) has been obtained also by 


CH-OH 


CH-COgH 

{dl-, m.p. 187-1887 
23 ; Wallach, ibid. 


by the reduction of /-dihydrocarvone ^itln 

y . . . .. '' Af\A lr't\A\ _ 1 /' __ /!» _ 


aluminium ?‘5opropoxide. 


1594) and of carvoxime (Rupe 


On oxidation with chromic acid dihydrocarveon Lofii, Bor. 1914, 47, 2151). Of interest 

. . . _ . .^1_ -a... r _.-..j..'_ i __ I__ ,r _ 


yields dihydrocarvone {q.v.) (Wallach, Annalen, 
1893, 275, 114). By the dehydration of dihydro- 


also is its formation by the reduction of dibromo- 


nitroso'iyinene 


dust (Wallach, 


CHMe 


carveol with dilute sulphuric; acid a-terpineno is Annalen, 1898, 300, 290 ; 1900, 813, 368). 
obtained (Wallach, Her. 1891,24,3984; Annalen, CBr-CHgBr CHM( 

1893, 275, 113), whilst according to Tschugaeff X. 

(Ber. 1900, 33, 735 ; 1902, 35, 2479; J, Rhys. HC^ C:NOH H^C C 

Chem. Russ. 1904, 36, 988) distillation of the | | ->. | | 

raothylxanthate gives a mixture of limonene and HgC j CHjj Zn HgC C 

wolimonene. \ / 


DIHYDROCARVONE, 

CHMe 

.. 


J. L. S. 


CH,:CMeCH 


^ N Oxidation with ferric chloride in acetic acid 

•J ^rn solution yields carvacrol (WaUach, Annalen, 

Y I 1^95, 286, 134). 

1^ ^ Dihydrocarvone isomerises readily to car- 

2 'v ^ venone, the change occurring when the ketone is 

HP M P r W treated with mineral acids or with formic acid 

un-uivie:v.n2 (Wallach, Annalen, 1895, 286, 131 ; Baoyer, 

The cyclic ketone, \-dihydrocarvone, C,„H„OJ Bor. 1894, 27, 1921; Klages, ibid. 1899, 32, 


b.p. 2217735-5 mm., d^^ 0-9297, 1-47107, . . _ , 

r T TO 00 • -1 f /r 4.U On reduction with sodium and alcohol dihydro- 

falrT —16-8°, occurs in oil of caraway (from tho ^ r - ^ 

^ 11. (iarvono yields a mixture of isomorio dihydro- 

fruits of Carum Cam), from which it was carveols, which are formed also by reduction 
separated by ticiuminel & Co. (.Schimmel a aluminium isopropoxide (Johnston and 

Reports 1906 1, 60) It was, however, hrst Head, he.). On catalytic reduction a mixture of 
prepared by Wallach (Annalen, 1893, 276, 114) carvomenthones is obtained, 
by the oxidation with cliromic acid of the ^he halogen derivatives of the ketone have 
secondary alcohol, dihydrocarveol (q.v.), its investigated by Wallach (Annalen, 1894, 

struoture foUowing from its method of prepara- 079 309 • 1896. 286. 127 : 1918. 414. 277) and 


Muller, J. pr. Chem. 1916, [iij, 98, 20) 


by the oxidation with ctiromic acid ol the ^he halogen derivatives of the ketone have 
secondary alcohol, dihydrocarveol (q.v.), its investigated by Wallach (Annalen, 1894, 

struoture foUowing from its method of prepara- 379 389 • 1896, 286, 127 ; 1918, 414, 277) and 
tion. The ketone is prepared most readUy by . Baeyer (Ber. 1896, 28, 1694). Of particular 
the reduction of carvone with zinc dust in the jn^torest is dihydrocarvone hydrobromide (III), 
presence of aMi (Wallach and Schrader, .^hich gives on treatment with alkali the dicycUo 

1 Qtjyf 070 o _ _ _ , „ 


Annalen, 1894, 279, 377). 


ketone, carone (IV) {q.v.) (Baeyer, Ber. 1894, 


Since dihydrocarvone contains two asymmetric ^ , Kondakov,‘j. pr. Chem. 1897, [ii]. 


carbon atoms it should exist in two pairs of ^0* 2 
dextro- and laevo- forms in addition to two dl- * 
forms. From d-carvone Wallach prepared 
the IsBVo-rotatory ketone, b.p. 221-222°, ^ 

0-928, 1-47174, [a]„ -17-76°, but evidence of HjC 

the optical purity of this ketone and of tho ^ 1 
natural ketone is lacking (see Johnston and 
Read, J.C.S* 1934, 237). The ketone, which can 
be purified by the compound which it forms 
with sodium bisulphite, gives an oxime, m.p. 

88-89° (dl-y m.p. 115-116°), and a semi- 


56, 256 ; Muller, ibid. 1916, [iiJ, 93, 21). 

CHMe CHMe 


^CI^CBrMea 

III. 


L 

H^Me, 
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DlMYDROCINCHONIDINEv. Cinchona 
Alkaloids (Vol. Ill, p. 162a). 

DIHYDROCINCHONINE v. Cinchona 
Alkaloids (Vol. Ill, p. 162(Z). 

DIHYDROCINCHOTOXINE Cin¬ 
chona Alkaloids (Vol. Ill, p. 163c). 
DIHYDRO-a-TERPINEOL, 

CHMe 

\ 

H.C CH„ 

1 1 

HaC CHj 


Chem. Age, 1932, 26, 459), the precipitated 
sodium salt being redissolved and titrated with 
standard permanganate in acid solution ; the 
method is accurate to 1 part in 10,000 and is 
reliable in presence of potassium and mag¬ 
nesium. Eegriwe (Z. anal. Chem. 1935, 100, 
31) describes a delicate colour reaction of 
dihydroxytartaric acid and 8ihvonen {l.c.) 
refers to other methods of (loto(!tion. 

The reactions of dihydroxytartaric acid are 
frequently those of an a-diketone, e.g. on heating 
either, degradation or a change of the benzil- 
bcnzilic acid type may take place: 


CHC(OH)Me., 

The cyclic tertiary alcohol, iram-dikydro-a- 
tcrpineoly C 20 H 20 O, m.p. 34-6-35*2°, b.p. 209-3 
-209-57760 mm., d^ 0-901, 1-4630, phenyl- 

urethane, m.p. 117-118°, has been isolated by 
Zeitschel and Schmidt (Ber. 1927, 60, [B], 1372) 
from American wood turpentine, “ pine oil.” 
The alcohol was prepared first by Wallach 
(Annalen, 1911, 381, 55) by the catalytic 
hydrogenation of a-terpinool using a palladium 
catalyst, Behai (Compt. rend. 1910, 150, 1762) 
having previously obtained the c^.^f-modification, 
b.p. 210-210-5'’/760 mm., dlj;; 0-9124,l-46.'550, 
phenylarethane, m.p, 94-95°, by the rodmition 
of a-torpineol by the Sabatier-Senderens 
method, using a nickel catalyst. 

J. L. S. 

DIHYDROXYANTHRAGALLOL v. 

Alizarin and Allied Colouring Matters 
(Vol. I, p. 2276). 

3:4 - DIHYDROXYPHENYLALANINE 

V . Amino Acids (Vol. I, p. 317d). 

DIHYDROXYTARTARIC ACID (1) 
forms colourless water-soluble crystals, m.p. 
114°C. (decomp.). It is best prepared (a) from 
tartaric acid through nitrotartaric acid, whidi 
is then treated with sodium carbonate (Lach- 
man, J. Amer. Chem. Soc. 1921, 43, 2091) 
or with sodium acetate (Kekul^, Annalen, 1883, 
221, 245 ; G.P. 34294 ; Thiele and Dralle, 
Annalen, 1898, 302, 291 ; see also Talvitie, 
Chem. Zentr. 1931, I, 3227); (6) by oxidation 
of tartaric acid with F e" and hydrogen peroxide, 
the resulting dihydroxyraaleic acid being then 
converted by oxidative hydroxylation with 
bromine in acetic acid to dihydroxytartaric 
acid (Fenton, J.C.S. 1894, 65, 899 ; 1898, 73, 
71 ; Okatov, J. Phys. Chem. Russ. 1928, 60, 661). 

Isolation in both methods is conveniently 
effected through the insoluble sodium salt from 
which the free acid may be liberated with 
ethereal hydrogen chloride, 

Dihydroxytartaric acid is also formed in small 
amounts by the electrolysis of oxalic acid 
(Nakata, Chem. Zentr. 1931, II, 1844) and 
tartaric acid (Sihvonen, Ann. Acad. Sci. Fennicae, 
1921, [A], 16, pt. 9,1), by photochemical oxida¬ 
tion in presence of ferric chloride and selonious 
acid (Pavolini, Papeterie, 1930, 52, 710) and by 
the oxidation of dihydroxymaleic acid by oxygen 
in presence of iron salts (Wieland and Franke, 
Annalen, 1928, 464, 101 ). 

Sodium dihydroxytartrate is recommended for 
the detection and estimation of sodium (Fenton; 
Okatov; Lachman ; for rapid method, ^ee 


C(0H)2-C00H 

C(0H)2-C00H 

I. 


COOH COOH 

^ I +1 

CHO COOH 

\ C(0H).(C00H)2 

^ I 

COOH 


The sodium salt undergoes similar changes, 
sodium glyoxalate, oxalate and, by decarboxyla¬ 
tion, tartrouate being obtained (Lachman, l.c.). 
Reaction with o-phenyienediamine gives the 
quinoxaline derived from the dikoto form 
(Chattaway and Humphrey, J.C.8. 1929, 645), 
while phenylhydrazine or its substituted deriva¬ 
tives may yield monohydrazones (Chattaway 
and Humphrey, J.C.S. 1927, 2793) or osazones 
(Fenton, l.c.). Chattaway and co-workers have 
stxidied the behaviour of such derivatives on 
dehydration to acid anhydrides or pyrazolones 
(J.C.S. 1927, 1323, 2793^ 1932, 1022; 1933, 
1389). 

Dihydroxytartaric acid has been used to 
improve the odour of oils and fats (F.P. 752693), 
but is more important as a source of dyestuffs 
(G.P. 371144-371146), more particularly 

of the tartrazine type (for analogous products, 
see Johnson, J.S.C.l. 1921, 40, 176T) ; only a 
few are now made dire(5tly from sodium di¬ 
hydroxytartrate and substituted hydrazines, e.g. 
from the hydrazine of dehydrothiotoluidine 
sulphonic acid (B.P. 185880), 2-naphthyl- 

hvdrazinc-5:7-(or -6:8-)disulphonic acids (B.P. 
222031, 225097). 

3:5-DI-IODOTYROSINE Amino Acids. 

DIKA BREAD v. Dika Fat Grour. 

DIKA FAT GROUP. Under this heading 
are grouped certain seed-fats which consist pre¬ 
ponderantly of glycerides of lauric and myristio 
acids, with a small proportion of oleic acid ; 
hence, these fats are charac^terisod by low 
iodine values and high saponification values, 
but differ from the coconut oil group of fats 
by the substantial absence of volatile acids 
(c. 0*5%) and correspondingly low Reichert- 
Moissl (<C1) Polenske (<[2) values. The 
content of myristio acid is higher than in the 
laurel fats, whilst more lauric acid is present 
in the fats of the Myristica (nutmeg) group. 

The most important members of the group 
belong to the Irvingia species Pierre (Fam. 
Simarubaeeae), viz. (1) Dika fat, which is 
obtained from the seed-kernels of varieties of 
.Irvingia gahonensis (Aub.-l.iec.) H. Baill. ( = /. 
Barteri Hook, f.), a forest-tree abundant in West 
j Africa and the Congo. The natives pound the 
fresh kernels and work them up in hot water 
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into greasy cakes—the so-called “ dika bread ” 
or dika (Gaboon) chocolate ”—which are used 
for food ; the fat may also be separated by 
expressing the pounded, boiled-up kernels. Dika 
fat has not so far acquired any importance on 
the European market, although it would be 
suitable as a substitute for coconut oil in soap 
manufacture, and its use as a chocolate fat has 
been suggested (see Baudon, Bull. Mat. Grasses, 
1926, 10, 38). Dika fat has a melting-point 
of 37-42°C., saponification value 240-250, 
iodine value 2-0, and contains about 1% 
of unsaponifiable matter ; the fatty acids of a 
Nigerian specimen examined by Collin and 
Hilditch (3.S.C.I. 1930,49, 138T‘; Biochem. J. 
1929, 28, 1273) consisted of lauric acid 38*8%, 
myristic acid 50-6%, oloio acid 10-6% (sec also 
Pieraerts, Mat. Grasses, 1921, 5990; 1922, 
6020, 6303: the seeds which, at that time, 
wore attributed to an allied species, J. Smithii^ 
have since been identified as I'rom a variety of 
/. gabonemis). 

(2) Irvingia butter. Cochin China wax 
or Cay-cdy (*‘ candle tree ”) fat is derived 
from the seeds of the Asiatic Irvingia Oiiveri 
Pierre (and perhaps also from the allied species 
]. mdiayana Oliv.), which is indigenous to 
Cochin China and Cambodia. The fat, which 
is prepared by pressing or boiling out the 
pounded kernels, was formerly used extensively 
by the natives for making candles, and also 
(when freshly prepared) for edible purposes ; 
latterly, however, the exploitation of this 
material appears to have been neglected. (Jay* 
o4y fat is similar to dika fat and has m.p. 38 - 
40®C., saponification value 235-237, iodine value 
4-7. According to Bontoux (Bull. Sci. Pharma¬ 
col. 1910, 17, 78) the fatty acids consist of 
3()-35% of lauric acid, 60-65% of myristic 
acid and about 5% of oleic acid ; traces (0*5%) 
of volatile acids were also found. 

Tangkallak fat, from Lepidadenia Wight- 
iana Nees {Litsea Sebifera Pers.), Fam. Laura- 
ceao (see Anon., Bull. Kol. Mus. (Haarlem), 1908, 
No. 42, 170; Puntambekar, Indian Forester, 
1934, 60, 707), has frequently been included in 
this group, but if the composition of the fatty 
acids assigned to it by Sack (Pharm. Weekblad, 
1903, 40, 4; see Schroeder, Arch. Pharm. 1905, 
243, 631), viz. about 87% of lauric acid and 
13% of oleic acid, with traces of volatile acids, is 
correct, it should more properly be included in 
the Laueel Fat Geoup, together with other fats 
from the family Lauraoeae. The same remark 
applies to Kusu oil from Cinnamomum 
Camphora Nees (Fam. Lauracese); see Tsujimoto, 
J. Coll. Eng. Tokyo, 1908, 86; Iwamoto, J. Soc. 
Chem. Ind. Japan, 1924, 27, 1192 (128 B). 

E. L. 

DILATOMETER. An instrument for 
measuring small changes in volume. In its 
simplest form, as was used in the classical work 
on the transition temperature of sulphur, the 
apparatus consisted of a vessel containing the 
substance under investigation, closed by a 
capillary tube. An inert liquid filled the inter¬ 
stitial space and extended into the capillary, its 
meniscus indicating the change in volume. 
An essentially similar apparatus may be 
used for gases, the volume change being indicfitted 


by a short mercury column in a horizontal 
capillary. Measurements of the changes in 
volume occurring in the inversion of sugars, in 
the hydrolysis of esters, starch, etc. (G. Galeotti, 
Z. physikal. Chem. 1911, 76, 105), and in the 
decomposition of malonic acid and its alkyl 
derivatives (J. Norris and R. Young, J. Amer. 
Chem. Soc. 1930, 52, 5066) are among the 
many applications of this form of the apparatus. 

The importance of a knowledge of expansion 
coefficients, e.g. in metallurgy and in glass 
technology, has led to the elaboration of 
accurate instruments based on other principles. 
The Gorz dilatometor magnifies the expansion, 
e.g. of a glass rod, by a simple optical arrange¬ 
ment attatjhed to the movable end of the rod 
(Bcrl-Lunge, “ Chem.-tec!]. Unters. methoden,” 
1932, 3, 498), while the Abbe-Fizeau instrument 
utilises the movement of optical interference 
bands (General description of dilatometers, 
Arndt, “ Handb. d. Bhysik.-Chem. Technik,” 
1923, 2nd ed., p. 213). 

D1 LAUD ID. Trade name for dihydro- 
morphinone hydrochloride, Ci 7 Hi 903 N-HCI 
{Knoll, Ludwigshafen; Pharmaceutical Pro¬ 
ducts, London). B.P.C. 1934. 

DILECTO (trade name). Laminated pro¬ 
ducts bonded with phenol-formaldehyde rosins 
and manufactured by Continental Diamond 
Fibre Co. 

E. E. W. 

DILITURIC ACID, 5-iutrobarbituric acid 
{r. JIakiuturio Acid, Vol. I, p. 021a). 

DILL. The dried ripe fruit (seed) of 
Aneihiun graveolens Linn. (Fam. Umbelliferae), 
a native of South Europe and parts of Asia and 
Africa, and cultivated in Germany and to a less 
extent in England. It is an annual plant 
growing to a height of 3—4 ft. with an erect, 
branching stem. The cremocarp consists of two 
broadly oval mericarps, and the fruits appear 
in commerce as a mixture of the cremocarps and 
separated mericarps. They are about 4 mm. 
long, 2-3 mm. broad, and the cremocarps are 
about 1 mra. thick. The fruits are compressed 
dorsally and the two ventral ridges appear as 
membranous wings, the dorsal ridges being 
inconspicuous. 

Dill is used chiefly as a carminative for 
children, but also for flavouring soups, sauces 
and pickles. 

Microscopic Appearance .—The cross-section 
shows the presence of four vittse, or oil cells, 
on the dorsal surface of each mericarp and 
two on the commissural surface. The chief 
diagnostic structure is the striated cuticle of the 
outer epidermis, which distinguishes it from 
fennel, and the lignified, thick-walled par¬ 
enchyma, which distinguishes it from caraway. 
The bundles in the broad ridges measure up to 
300/i, whilst the endosperm contains aleurone 
grains and micro-spheroidal crystals of calcium 
oxalate. 

Chemical Composition .—The chief constituent 
of dill fruit is the essential oil, and this is 
probably determined most satisfactorily by the 
method of Cocking and Middleton (Quart. J, 
Pharm. 1936, 8 , 435). The powdered dill is 
mixed with brine and distilled, the vapours 
being passed through the top of a condenser 
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into a graduated tube, in which the oil is 
collected whilst the condensed water is returned 
to the distillation flask. An air inlet and outlet 
are provided by means of a side tube below the 
condenser but above the graduated tube. The 
fruits contain from 3 to 4% of oil, though the 
amount is less in commercial powdered fruit {v, , 
Bill, Essential Oil of). 

Standards .—The British Pharmacopoeia re¬ 
quires that dill fruit shall contain not more 
than 2 % of foreign organic matter and not more 
than 11 % of ash. 

r. McL. 

DILL, ESSENTIAL OIL OF. 

Composition .—The chief constituent is carvone, 
which is also the chief constituejit of caraway 
oil. The terpenes consist of d-limonene with 
some phellandrene. Bill apiole is yjresent in the 
East Indian fruit; this is an oil heavier than 
water. 

Charack.rs .—A colourless or pale yellow oil, 
sp.gr. 0-900-0-920 at 15^^, optical rotation at 
20"+70°to-f80^7l‘^® 1-483-1-490. Soluble in 
10 volumes of 80% alcohol. [The East Indian 
oil has sp.gr. 0*948-0-975, optical rotation 
-f41° to 4-47°.] Carvone-content, determined 
bj" the hydroxyiamine method described in the 
British Pharmacopceia, 43-63%. Oil of diU is 
employed in medicine as an aromatic carminative. 

C. T. B. 

“DIM EDO N, ’ ’ methonCy 5:5-dim€^thyldi- 
hydroresorcinol; the diketo form is 


McgC 




-CHa-COx^ 

CH.yCO/^ 


CH^ 


DIMETHYLANILINE, CgHj-NMeg,' 

may be obtained by direct replacement at an 
elevated temperature by the -NMej residue of 
the bromine atom of bromobenzene, or of the 
hydroxyl group of phenol in presence of copper 
chloride catalyst (G.P. 564436), and by the 
most diverse methods of methylatiori of aniline 
and monomethylaniline. Classical methylating 
agents are being replaced by catalytic methods 
employing methyl alcohol (E.P. 734404), 

dimethyl ether and alumina catalyst (B.P. 
275377), or thoria catalyst (B. C. Boy, J. Indian 
Ohem. 8 oc. 1928, 5, 383). Such processes yield 
mixtures containing lower homologucs, for 
the separation of which a number of processes 
are available, as, for instance, those employing 
chlorosulphonic acid or phthalic acid (U.S.P. 
1890246, 1908951). 

Bimethylaniline has b.p. 192-6°/738 mm., 
m.p. 2-07°, sp.gr. 0-96/15 ". It is charact-orised by 
its 2:4- and 3:5-dinitrobenzoates (C. A. Bucliler, 
Ind. Eng. Chem. [Anal.], 1933, 5, 277 ; 1934, 
6 , 351), by tertiary compounds with certain 
substituted sulphonic esters (C. Marvel, E. Scott 
and K. Amstutz, J. Amer. Chem. Soc. 1929, 51, 
3638) and by a salt of Reinecke’s acid, 
C 8 HnNH[Cr(NH 3 ) 2 (SCN) 4 ,H 20 ] (A. Bansi 
and co-workers, Annali Chim. Appl. i932, 22, 
561). (For colour reactions, see Berl-Lunge, 
“Chem.-tech. Unters. methodon,“ 7 Aufl. 1924, 
Bd. 4, 876). 

The reactivity of dimethylaniline is in part 
that ot a normal aromatic character (nitration, 
halogenation, etc.), although the formation of, 


p-nitrosodimethylanilino with nitrous acid and 
its conversion to nitro- derivatives (J. Campbell 
and A. Mackney, J. Proc. Boy. Soc. New South 
Wales, 1935, 68 , 58) deserve mention, as does 
also the entry of the alkyl groups into the 
nucleus in presence of potassium aluminium 
sulphate to yield » 7 -xylidine (B.P. 421791). 
Among unusual reactions of dimethylaniline 
are the simple replacement of one methyl 
group by dodecyl (G.P. 611283), direct 

mercuration (M. Kharasch and 1. Jacobsolm, 
J. Amer. Chem. Soc. 1933, 65, 3796) and 
condensation with butadiene to yield quino¬ 
line and its homologucs (B.P. 332623). Dimethyl- 
aniline catalyses tlic formation of organo- 
rnagnesium compuundH (11. Gilman and 0. 
Meyers, J. Amer. Chem. Soc. 1923, 45, 159). 
More important are condensations with alde¬ 
hydes followed by oxidation leading to di- and 
tri-phenylmethane dyes—reac-tions which are 
susceptible of many variations. Thus carbon 
monoxide and dinuithylaniline under pressure in 
presence of ferric (chloride yield leuco-Crystal 
Violet, while Methyl Violet is said to bo formed 
on oxidising dimethylaniline in presence of acti¬ 
vated charcoal nt 55-70° (Russ. P. 26391). 

Dimethylaniline also finds applications in the 
manufacture of indigo-, azo-, j)yridine- colouring 
matters (G.P. 507562), etc., of cellulose deriva¬ 
tives (B.P. 367920, G.P. 363192), of tanning 
materials (B.P. 332262), of resins, etc., and as 
a vulcanisation accelerator (J. Kimishima, 
Rubber Chem. Techn., 1928, 1, 307). 

DIMETHYL BENZYL CARBINOL, 
CeH 6 -CH 2 -C(CH 3 ) 20 H, sp.gr. 0-9826, ref. ind. 
1-5175, b.x>. 215°. This sui) 8 tance is a conn 
paratively new synthetic perfume with a very 
delicate nondescript odour. It blends excellently 
with the more delicate floral perfumes, such as 
lilac, lily of the valley and jasmin. It has an 
excellent fixative value and its possibilities are 
very wide. It forms an acetate, sp.gr. 1-005 at 
15°, 1-4925, b.p. 125°/5 mm., having an 

odour of hyacinth, which is very useful in the 
lilac, lily and narcissus typo of perfume. 

- ‘ E «J P 

4.4' - DIMETHYLDIAMINO - 3:3' - DI- 
METHYLPHENYLM ETHANE, 



is prepared by the condensation of methyl-o- 
toluidine or a mixture of mono- and di-raethyl-u- 
toluidines with formaldeb\-dc (40% solution) 
in the presence of hydrogen chloride ; after 
dilution, neutralisation with soda and removal 
of the excess methyl-o-toluidine by steam 
distillation, the base crystallises from the cooled 
solution and may be recrystalliscd from alcohol 
(Gnehm and Blumer, Annalcn, 1899, 804, 114; 
von Braun, Ber. 1908, 41, 2153 ; G.P. 67478), 
m.p. 87°, b.p. 255°/9 mm. Use as an anti¬ 
oxidant for rubber has been claimed (U.S.P. 
2000045). 

DIM ET H Y LG L YOXIM E, diacetyl 

dioxime, CH 3 -C(N 0 H)C(N 0 H)CH 8 . Di- 
methylglyoxime may be obtained by direct 
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oximination of diaoetyl (Fittig, Daimler and 
Keller, Annalen, 1888, 249, 204) and of 3:3- 
dichlorobutanone (Vladesoo, Bull. Soc. chim. 
1891, [iiij, 6 , 830), but is more economically 
prepared from methyl ethyl ketone or ethyl 
methylacetoacetate: 

MeCOCHMe-COOEt-MeCOCHgMe 

i 

MeC(NOH)-C(NOH)Me -MeCO C(NOH)Me 

The older prey)aration 8 have been superseded 
by processes in which the isolation of inter¬ 
mediates is unneccissary. W. Benscihinsky 
(Trans. Inst. y)uro chem. Reagents (Russ.), 
1927, 4, T)! ; Chem. Zentr. 1927, II, 41) hydro¬ 
lyses ethyl methylacetoacetate with dilute 
sodium hydroxide ; <iia(!etyl rnonoxime is then 
formed by treatirig the intermediate methyl 
ethyl ketone with nitrous acid, and oximination 
is completed with sodium hydroxylamino sul- 
phonate to give dimethylglyoxime in 67% 
yield. The method of K. 81otta and K. Jacobi 
(Z. anal. Chem. 1931, 83, 1), who review previous 
methods of y)rey)aration, is probably even better 
(yield 69%) and more economical, as methyl 
ethyl ketone is a by-product of the acetone 
industry (G. Ponzio, Annali Chim. Ay>y:)l. 1923, 
13, 340). Nitrous acid is esterified and the 
evolved ethyl nitrite led into an ethereal 
solution of methyl ethyl ketone ciontaining also 
20% methyl-alcoholic hydrochloric acid. The 
i«onitroso ketone is, without isolation, further 
treated with a solution of sodium hydroxylamine 
disulphonate prepared from sodium carbonate, 
sulphur dioxide and nitrous acid. The yirocess 
of W. Semon and V. Damerell (J. Amer. Chem. 
Soc. 1925, 47, 2033 ; Organic Syntheses, 
1930, 10, 22) is substantially similar. 

Dimethylglyoxime, in.p. 234-5*^, is insoluble in 
water, soluble in alcohol and in ether. The 
diacetyl- derivative has m.p. 111 °, the dibonzoyl- 
223°. 

Dimethylglyoxime is oxidised by potassium 
ferricyanide or nitrogen peroxide to the per¬ 
oxide 

MeC-CMe 

II II 

NOON 

(Scholl, Ber. 1890, 23, 3498), and other reagents 
cause ring closure, e.g. aqueous ammonia at 
160-170° yields dimethylfurazan (Wolff, Ber. 
1895, 28, 69). In other reactions it behaves 
as a hydroxy lie compound, e.g. towards Grig- 
nard reagents (G. Longo, Gazzetta, 1935, 65, 
84). Treatment with phenylhydrazine results 
in replacement of the oximino- group by phenyl- 
hydrazino- groups with production of diacetyl- 
osazone (E. Durio, Gazzetta, 1935, 65, 89). 

Dimethylglyoxime has been suggested for 
industrial uses, e.g. the preservation of packing 
papers (G.P. 560173), for increasing .the com¬ 
bustibility of motor fuels (B.P. 429763), etc., 
but it finds its most important application as an 
analytical reagent for heavy metals (I. Stone, 
Chemist-Analyst, 1932, 21, No. 6 , 8 ; P. 
Agostini, Annali Chim. Appl. 1929, 19, 164). 

Its foremost application lies in the detection 
and determination of nickel, with which metal 
dimethylglyoxime forms an insoluble scarlet 


derivative (L. Tschugaeff, Ber. 1905, 38, 2521). 
For details of the method, see Chemical 
Analysis, Vol. II, p. 612. The extreme deli¬ 
cacy of the reaction, however (a precipitate is 
obtained with 1 pt. of nickel in 2 x 10 ® pts. of 
water), has allowed the elaboration of several 
indirect procedures. Thus M. Struszyhski 
(Chem. Zentr. 1935, II, 2306) claims to be able to 
detec^t 2 x 10 “® g. of nickel, i.e. quantities such as 
may occur in hydrogenated fats, by extracting 
the nickel dimethylglyoxime with chloroform. 
•Similarly, A. M. Bcloussow and A. G. Bclous- 
sowa (Chem. Zentr. 1935, IT, 1920) were enabled 
to detect and dt;termine nickel in presence of 
iron by extracting the complex of the former 
metal with amyl alcohol. Again, V. Ochotin 
and A. Sytschoff (Z. anal. Chem. 1932, 90, 109) 
have evolved a rapid method of determining 
nickel by utilising the fact that nickel dimethyl¬ 
glyoxime forms stable suspensions with ether; 
the complex is transferred from the aqueous 
medium in which it was prepared to other, and 
the ethereal suspension,* preferably stabilised 
with collodium, compared colorirnetrically with 
st.andanl suspensions. An ingenious use of 
nickel dimethylglyoxime in potassium cyanide 
as a general reagent for all metals the cyanides 
of w hi(5h are more weakly dissociated than that 
of nickel is due to A. Ubbelohde (Analyst, 
1934, 59, 339). 

Complexes of dimethylglyoxime with other 
metals have, despite their greater solubility, 
proved valuable in analytical practice. Thus 
dimethylglyoxime is the most sensitive reagent 
available for ferrous ions, with which it gives an 
unstable red colour in ammonia(!al tartrate 
solution (R. Slawik, Chem.-Ztg. 1912, 36, 54 ; 
L. Tschugaeff and B. Orelkin, Z. anorg. Chem. 
1914, 89,401) ; R. Nakaseko (Mem. Coll. Sci. 
Kyoto, 1928, A, 11, 113) states that wdth the aid 
of this reagent 5x 10 "*^ g. of iron may be detected 
and 0-1-0*01 mg. in 50 c.c. can be estimated 
colorirnetrically. P. Thompson (J. Soc. Chem. 
Ind. Victoria, 1931, 31, 536) has proposed the 
use of dimethylglyoxime as an external in¬ 
dicator for use in ferrous-ferric titrations {e.g. 
in the dichromato determination of ferrous iron). 

Extraordinarily sensitive also is the reaction 
with cobalt ions, the simultaneous presence of 
benzidine allowing the colorimetric determina¬ 
tion of 2*5x 10^ mg. of cobalt with an accuracy 
of ±0*5% (G. Spacu and C. Macarovici, Chem. 
Zentr. 1935, IT, 2707). 

Dimethylglyoxime gives colours (complexes) 
with other metallic ions, e.g. with bismuth (C. 
Miller, Chemist-Analyst, 1934, 23, No. 28 ; 
J. Dubsky and J. Trtilek, Chem. Obzor. 1934, 
9, 142), rhenium (C. Young, Metal Ind. 1936, 84, 
176) and palladium. Micro quantities of 
palladium are, however, determined only in¬ 
directly with dimethylglyoxime, the complex 
being burnt and palladium weighed as metal (H. 
Holzer, Z. anal. Chem. 1933, 95, 392). 

DIMETHYLHYDROQUINONE, 

CeH4(OMe)j, 

is a crystalline solid melting at 55-56®. 
This synthetic perfume, also known as hydro- 
quinone dimethyl ether, is one of the most 
valuable additions of recent years to the list of 
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commercial synthetics. It has a very powerful 
odour of new-mown hay and is of groat value in 
all perfumes where coumarin is used. It is of 
great persistence and low volatility, and acts as 
a valuable fixative as well as a perfume. It can 
be used with advantage in perfumes of the 
oriental type. 

E. J. P. 

DIM O L . Trade name for dimethylinethoxy- 
phenol, with tri- and totra-mcthylphcnols, an 
antiseptic preparation {JJinwl Laboratories^ 
London ; i^angers, London). B.P.d 1934. 

DfNAPHTHAZINE c. Azines (Vol. J, 
p. 667r). 

DINITROCHLOROHYDRIN. 

CH2(0N02)CH(0N02)CH2CI. 

This explosive is used as a substitute for part 
of the nitroglycerin in the manufacture of 
“ low-fre(^zing ” dynamites. It is prepared in a 
similar manner to nitroglycerin. Mixtures of 
glycerin and monochlorohydrin can also be 
nitrated if the two nitro- bodies are to be em¬ 
ployed together. 

According to Naoum, “ Nitroglycerine and 
Nitroglycerine Explosives,” London, 1928, 
p. 184, 100 parts of pure monochlorohydrin w4»en 
nitrated at 10-15'^C. with a mixture containing 
40 parts of nitric acid and 00 parts of sulphuric; 
acid produce 101 parts of dinitrochlorohydrin, 
the theoretical yield being 181-5 }>arts. 

Properties .—Pure dinitrochlorohydrin is a 
colourless liquid, but the commercial product 
has a yellow or browmish-yellow tint and a 
slight aromatic; odour. It has a specific 
gravity of 1*541 at 15‘^’C. and boils with con¬ 
siderable decomj>osition at about HMPC. at 
ordinary pressures. It is distinctly more 
volatile; than nitroglycerin and has a similar 
physiological action. Dinitrochlorohydrin is 
not hygros<;o])ic. It dissolves r(;adily in organic 
solvents, such as eth(;r, alcohol and acetone, 
but is only soluble to the extent of 0*23% in 
water at 15”C. 

It is difficult to ignite and is much less sensitive 
to shock than nitroglycerin. Will found that a 
fall of 35 to 80 cm. of a 2-kg. weight was 
necessary to cause decomposition, the sensitive¬ 
ness being afl’ectod to some extent by the degree 
of purity of the explosive. It is, however, very 
sensitive to initial impulse, being exploded by a 
No. 1 detonator. 

According to Naoum ( 07 ;. cit., p. 186} pure dini¬ 
trochlorohydrin has a relatively low gelatinising 
power with regard to nitrocotton. At a gentle 
heat it forms a gelatine with nitrocotton from 
which the “ oil ” readily exudes, and therefore 
in practice is always used in explosives in con¬ 
junction with nitroglycerin. 

H. 8. 

2:4- DINITRO - 4' - HYDROXYDI- 
PHENYLAMINE, an intermediate in sul¬ 
phide dyes. 

DIOCAINE. Trade name for p-diallyl- 
oxydiphenylethenylamidine hydrochloride, used 
as a local anaesthetic in ophthalmology (Ciba, 
Londort), B.P.C. 1934. 

010 FO RM . A proprietary name for sym.- 
dichloroethylene, acetylene dichloride, 

C1HC:CHCI. 


I DIOGEN. Proprietary name for sodium 
l-amino-2-naphthol-3:6-di8ulphonate. 

DIO G E N A L . Trade name for 1 -dibromo- 
propyl-5:5-diethylbarbituric acid, m.p. 125°, a 
powerful sedative and soporific (F. Streblow, 
Deut. med. Woch. 1915, 41, 278 ; T. Tuch, 
Miinch. med. Woch. 1915, 62, 745). 

DIO N IN . A brand of ethylmorphine hydro¬ 
chloride {Merck, Darmstadt; Napp, London), 
B.P.G. 1934. 

DIOPS IDE. A double salt metasilicate of 
cah-iurn and magnesium in wLich a part of the 
magnesium is usually replaced isomorphously 
by an equivalent amount of ferrous oxide, the 
formula being Ca(Mg,Fe)( 8103 ) 2 . It is a 
member of the mono(;linic series of the pyroxene 
group, and is of importance as a rock-forming 
mineral. Somewhat rare transjiarent speuimens 
of a ri(!h bottle-green colour are employed 
as gem-stones. The depth of colour, H]).gr. 
(3-2-3-3) and other physical characters vary 
with the percentage of iron present, w'hich in 
material of gem quality, su(;h as the crystals from 
Ala. in Piedmont, and tlu; Zillerthal in the Tyrol, 
amounts to about 3- 4% FeO. The hardness 
is 6 ^. 

L. J. S. 

DIOPTASE. Hydrous silicate of copper, 
H 2 CuSi 04 , crystallising in the rhombohedral 
system with parallel-faced hi;mihedriHm. The 
water is expelled only at a red heat, and the 
formula has (ionsequcntly been variously inter¬ 
preted as an acid orthosilicate or as a basic 
metasilicate. F. Zambonini (1908) concjludes 
from dehydration experiments that the formula 
is CuSiOg-HgO, with the water held in solid 
solution in the metasilicatc. The mineral is 
of a <;hara(;teristic ejnerald-green (;olour (hen(;e 
the name emerald-rojrper ; Ger., Kupjer- 
tSmaragd), and transpanmt crystals have 
oc(;aHionally been (;ut us gem-stones. For this 
purpose, however, the hardness (H. 5) is rather 
low ; sp.gr. 3*3. The best crystals are 
found on the limestone hill of Altyn-Tlibe 
in the Kirghiz Steppes, Siberia, and in the 
copper mines near Mindouli in the French 
Congo. 

An allied mineral, planrheite, (of A. Lacroix, 
l^OS—shattuckite of W. T. Schaller, 1915), occurs 
as blue, fibrous concretions associated with 
dioptase in the I'rench Congo and in Katanga. 
This has the composition 2 CuSi 03 *H 20 , 
representing a i)artly dehydrated dioptase. 

L. J. S. 

DIORITE. An igneous rock composed 
essentially of plagioclase felspar (oligoclase to 
labradorite) and hornblende, with a coarse- 
to medium-grained crystalline-granular texture. 
It belongs, with granite, to the series of plutonio 
rocks, and is of intermediate composition 
(SlOg 52-60%), falling between syenite and 
gabbro. Its volcanic equivalent is andesite. 
Other minerals may also be present as essential 
constituents of the rock, and accordingly the 
following varieties are distinguished : hom- 
blende-diorite (diorite proper), augite-diorite, 
enstatite-diorite, mica-diorite (the mica here 
being biotite), quartz-mica-diorite, quartz- 
diorito (or tonaJite). The colour is usually dark 
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grey or greenish-black, and for this reason the 
rock is included under the general term green 
atone. The sp.gr. ranges from 2*8 to 31 ; the 
porosity is low, 0-25% ; and the crushing 
strength 1,640-1,830 tons per sq. ft. Under 
I is given Brdggor’s average of sixteen analyses 
of typical diorites ; analysis II is of diorite 
from Strathspey, Scotland ; III of quartz- 
diorite from Spanish Peak, Plumas Co., Cali¬ 
fornia (including BaO 0*04, COg 0*20, P 2 O 6 
0 25, SO 3 0*03) ; IV homblende-augite- 
diorite from Inchnadampf, Suthorlandshire 
(including COg 0*54). 



I. 

11. 

HI. 

IV. 

Si 02 

. 56*52 

53*22 

59*68 

52*47 

TiOa 

. 0*25 

— 

0*65 

— 

AI 2 O 3 

. 16*31 

16*84 

17*09 

12*15 

FegOg 

. 4*28 

— 

2*85 

3*47 

FeO 

. 5*92 

9*27 

2*75 

5*23 

CaO 

. 6*94 

8*53 

6*62 

9*71 

MgO 

. 4*32 

6*48 

3*54 

9*94 

NagO 

. 3*43 

3*54 

3*87 

2*81 

K 26 

. 1*44 

1*39 

1*31 

2*26 

H 2 O 

. 1*03 

0*95 

1*15 

1*62 

Diorites 

100*44 100*22 99*51 

are of wide distribution 

99*66 

and 


very common in association with granitic rocks 
in the Southern Uplands and Highlands of 
Scotland. They are extensively quarried for 
road-metal and paving-setts in the Channel 
Islands, Guernsey, Jersey and Alderney, and 
at Brazil Wood near Mount Sorrel in Leicester¬ 
shire. Owing to the difliculty of working the 
rock and its dull colour, it is not much used as 
a building stone, except locally. Certain coarse¬ 
grained varieties are, however, polished for 
ornamental purposes. For example, a variety 
from Corsica, known as mijmleonite, corsite 
or ball-diorile, shows a spheroidal structure 
with alternating concentric layers of light felspar 
and dark hornblende. 

L. J. S. 

DIOSCORINE, C 13 H 13 O 2 N, isolated by 
Boorsma (Meded. uit’s Plantentuin, 1894,68,13) 
from Dioscorea kiraula Blume (Fam. Dioscor- 
eaceaj), was afterwards investigated by Schiitto 
(Chem. Zentr. 1897, II, 130). It is extracted from 
the dried bulbs with EtOH-acotic acid (Gorter), 
taken up in CHCI 3 , and isolated as hydro¬ 
chloride. Base crystallises in greenish-yellow 
plates, m.p. 43*5°, distils unchanged in vacuo, 
sol. HgO, EtOH,CHCl 3 and acetone, sparingly 
80 in EtgO, benzene and light petroleum. 
Strong unsaturated base; for colour reactions, 
5 ecSchutte(Z.c.). Hydrochloride 2 H 2 O, 

colourless needles, [ajp -f 4° 40', crystallises from 
abs. EtOH, the anhydrous salt has m.p. 204° 
and is easily sol. HgO ; hydrobromide, crystals 
from EtOH, m.p. 213-214° ; oxalate 

B2C2Hg04+2H20 

prisms, m.p. 69-5-70*5°; methiodide, m.p. 213°- 
According to Gorter (Rec. trav. chim. 1911, 30, 
161), dioscorine contains a NMe but no OH 
or OMe group; it is a y-lactone. From the 
results of a Hofmann-degradation, Gorter 
suggests the following formula for dioscorine, 
which, nevertheless, is by no means established: 


CHg-CH-CHg 

I I 

NMe CH—O—CO 

I i I 

CH.g-CH-CH-C = CMe2 

Dioscorine is poisonous and bitter. It produces 
convulsions and paralyses the central nervous 
system and, in general, behaves like j)i(!rotoxin, 
although not as strongly. 

Other dioscorea species generally do not con¬ 
tain alkaloids {see Bourquelot and Bridel, J. 
Pharm. Chim. 1908, [vi], 28, 494). 

Schl. 

DIOSMIN,tho glycoside (Lovery, Robinson 
and Sugasawa, J.C.8. 1930, 817) from Scrophu- 
laria nodosa and a variety of plants, yields on 
hydrolysis rhamnoso, 2 mol. of gluc^oso, and 
the aglucono diosmetin, 4'-mcthyl-luteolin, 
luteolin being 5:7:3':4'-tetrahydroxyllavonc. 

E. F. A. 

DIOSMETIN V . Diosmin. 

DIOSPHENOL. The keto-alcohol dio- 
sphenol, CjoHjeOg (I), known also as huchu- 
camphor, has been separated from the oil 
present in the leaves of Barosma betulina, 
B. serratifolia and B. crenulata. It was first 
investigated by Fliickiger (Pharm. J. 1880, 
11, 174, 219), and was later studied by Spica 
(Gazzetta, 1885, 15, 195), Shimoyama (Arch. 
Pharm. 1888, 226, 403), Kondakov and 

Bialobrzeski (J. pr. Chem. 1896, [ii], 54, 433 ; 
1901, 63, 49). The natural ketone has m.p. 
83°, b.p. 109-110710 mm., df “ 0-9r.42, 
1*4607, phenylurethane, m.p. 113 114°, oxime, 
m.p. 125°. The constitution of diosphenol (I) 
was determined by Semmler and McKenzie (Ber. 
1906, 39, 1160), who showed that on ozonolysis 
it gave tt-iwpropyl-y-acctylbutyric a(;id (II), 
m.p. 41°, from which by further oxidation with 
sodium hypobromito a-isopropylglutaric acid 
(HI) was obtained. The structure assigned to 
the keto-alcohol was confirmed by its synthesis 
by Semmler and McKenzie from hydroxy- 
methylene menthone (IV), which, on ozonolysis, 


CMe 

i do 

^CHPr 


I P 

CHPrCO.H 






II. 


CHMe 


Hjd do 


I i8 

CHPrCOjH 

HI. 

CHMe 


CHOH 


\ 


V. 


CO 

cfJPr 

IV. 
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HoC 

" V 


gives the diketone (V),i8omerising to diosphenol. 
It is prepared most readily by the oxidation of 
menthone with ferric chloride in acetic acid 
solution (Asahina and Mituhori, J. Pharm. Soc. 
Japan, 1922, 482, 1). 

Diosphenol gives an intense green colour with 
ferric chloride and reduces both Fehling’s and 
silver solutions. 

Although the crystalline ketone, ni.p. 83'^, 
is undoubtedly represented by (I), evidence has 
been obtained of its existence in the dikctone 
form (V) and in the tautomeric h^'droxy- form 
(VI). On bromination diosphenol yields a 
yellow m.p. 44-45° (VJl), the dioxime 

has m.p. 197° (Wallach, Annalen, 1919, 418, 
37). 

CHMe CHMe 

/X / \ 

H.,C CO H.>C CO 

II “II 

CO H.C COH 

CHCHMca CCHMeg 

V. VI. 

CMeBr 

\ 

CO 

'I I 

HoC CO 

\ 

CBr-CHMeg 

VII. 

Further, by the action of alkalis on menthone 
and car V omen thone dibromidos, Wallach 
(Annalen, 1924, 437, 145, 148) obtained, in 
addition to diosplumol, m.p. 83°, an unstable 
hydroxy-ketone f m.p. 36-37°, which slowdy 
i;banged into diosphenol and w as most probably 
VI. Confirmation of the existence of these 
two isomeric hydroxy-ketones w^as obtained by 
oxidation of piperitone (VIII) and carve none 
(IX) with potassium permanganate, the former 
yielding diosphenol, the latter a liquid hydroxy- 
ketone, which, on solution in alkali or distillation 
in steam, gave diosphenol (Wallach). 

CMe C(OH)Me 

/V \ 

H.C CH H,C CHOH 




CO 

/ 

CHCHMe, 

VIII. 

CHMe 

HjC^ 

H,<^ <!:h 

\ ^ 

CCHMe, 

IX. 

On oxidation with chromic acid diosphenol yields 
a-i5opropyl-y-aoetylbutyric acid (Kondakov and 
Baohtschiev, J. pr. Chem. 1901, [ii],63,75), whilst 
with potassium permanganate a keto-acid (X) 
is obtained, which on keeping or on distillation 
yields the cyclic keto-acid (XI). 


C CO 

^CH^HMeg 

CHMe 

I I (VI) 

C CHOH 

"^C('^)CHMe2 




(I) 


COMe 

CO«H H.C 

I “ I 

CO 

""CI^CHMe, 

X. 


CO 


\ 


CH 

dcOoH 


CHCHMea 

XI. 


On reduction with sodium and alcohol diosphenol 
gives a mixture of stereo isomeric glycoU (XII), 
b.p. I35-137°/10 mm. (Sommler and McKenzie, 
I.C.). The catalytic hydrogenation of diosphenol 
has been studied by Cusmano and Boccucci 
(Gazzetta, 1923, 53, 649) and by Walker and 
Read (J.C.S. 1934, 238). The former using a 
platinum black catalyst obtained a mixture of 
keto-alcobols, semicarbazones, m.p. 180-181° 
and 220°, which they consider to be represented 
by Xlll, since they could be converted into 
carvomenthone (XIV). 

CHMe CHMe 

HX CHOH HX CO 

I I 

HX CHOH 

CHCHMe. 


CHOH 




XII. 


CHCHMeg 

XIII. 


CHMe 

/ \ 

H.C CO 

I I 

HgC CHj, 

^Cl^^HMeg 

XIV. 

With a colloidal palladium catalyst Walker and 
Read obtained an alcohol, b.p. 108-115°/ 
12 mm., dl^ 0-9915, 1-4648 ; semicarbazone, 

m.p. 210-211°; p-toluenesiilphonate, m.p. 
106-107°, ivhich they consider to be 2-hydroxy- 
menthone (XV), since pyrolysis of the d-camphor- 
10-sulphonate gives a mixture of piperitone 
(VIII) and /^^-menthen-3-one (XVI). 

CMe CHMe 

HX"^ ^HOH 

I I ^ I I 

CO H^C CO 

^CHXHMej / CHCHMe, 

VIII. i/ XV. 

CHMe 

\ 

H,C CH, 

HC (!:o 

CCHMe, 

XVI. 

The bromination of diosphenol has been investi¬ 
gated by Shimoyama (Arch. Pharm. 1888, 226, 
403), Cusmano (Atti R. Accad. Linoei, 1012, [v], 
22, IT, 569) and Wallach (Annalen, 1919, 418, 
37). 

J. L. S. 


HX 
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DIOXINE. Gambine H, l-nitroso-2:7- 
dihydroxynaphthaleno, a red quinone-oxime 
dyestuff prepared by the action of nitrous acid 
on 2:7'dihydroxynaphthalene (Clausius, Ber. 
1890, 23, 521 ; 1894, 27, 3050). Dioxine dyes 
iron-mordanted cotton a green shade, chromium 
mordant giving a brown dyeing. 

D10X0REA. A genus of plants of the 
Dioxoreaceous order, the tubers of whi(;h are 
known as yams and are largely eaten in the 
"West Indies and other tropical countries. D. 
hatatafi Decrie. is the plant producing tubers 
known as “ sweet potatoes,” which are cooked 
and eaten as a substitute for potatoes. 

DIPHENAL. Trade name for diamino- 
hydroxy diphenyl (G.P. 90960), a })hotographic 
developer (J, Precht, Phot. Arch. 1897, 38, 168; 
Pharm. Zentr. 1897, 38, 856). 

DIPHENAZINE Azines (Vol. 1, p. 567a). 

DIPHENETIDINE Diiuenyi.. 

DIPHENYL, Xenene, CoHj-zCoHs. [The 
latter name was given to the hydrocarbon before 
its true structure was known.] Diphenyl, 
originally obtained by subjecting bromobenzene 
to a Fittig condensation with sodium (Annalen, 
1862, 121, 363) and later prepared by pyrolysis 
of acetylene or benzene under very diverse 
conditions, is formed in many reactions by the 
facile linking of two phenyl nuclei, e.g. as a by¬ 
product in the preparation of phenyl magnesium 
bromide, and as a result of its action on cupric 
or chromic chloride (Krizewsky and Turner, 
J.C.S. 1919, 115, 559); from diazoniuni salts 
in presence of zinc-copper (iouple (Oddo, 
Gazzetta, 1890, 20, 1638;. The method of 
lUlmann—tnjatment of halogenated <leriva- 
tives of benzene with copper-bronze (Annalen, 
1904, 332, 38)—is of particular value in the 
synthesis of substitut<!(l diphenyls. Dntil re¬ 
cent years dijdienyl was of only minor import¬ 
ance, but several patent(Hl })roe('Hses for its 
commercial manufficiure hav(‘ made it readily 
aocossiblo. Such processes are usually catalytic 
pyrolyses of benzene at a high temperature, 
passage of benzene vapour through a lead bath 
at OOC-SOO*^ being one of the most successful 
(U.S.P. 1894266; F.P. 667840; B.P. 312902; 
A. W. Hixson and others (Ind. Eng. Oheni. 
[Anal.], 1931, 3, 289) describe a small-scale 
apparatus). Other commercial catalysts are 
magnetic oxide of iron at 800-950° (U.S.P. 
1938609), oxides of other metals of variable 
valency (G.P. 586878), carbonised magnesium 
oxide at 750-800° (F.P. 707431) and a mixture 
of magnesium and lithium carbonates at 500° 
(G.P. 655079). Iodine is also a catalyst 

under controlled conditions (J. Wibaut, H. 
Romijn and H. Tjeenk-Willink, Rec. trav. 
ohim. 1934, 53, 584). The yield obtained in 
such processes is usually about 10% conversion 
on once passing over the catalyst. 

Diphenyl crystallises from alcohol in large 
leaflets, m.p. 70-5°, b.p. 254-97760 mm. It 
yields a tetra-ozonide as an explosive, volatile, 
crystalline substance (Harries and Weiss, 
Annalen, 1903, 348, 374) and chromic acid oxi¬ 
dises it to benzoic acid (Schultz, Annalen, 1874, 
174, 206). Reduction is easily effected by sodium 
and amyl alcohol to an oily tetrahydrodiphenyl 
(Bamberger and Lodter, Ber. 1887, 20, 3077) and 


by catalytic methods—over nickel (Eijkman, 
Chem. Zentr. 1903, II, 989; Ipatieff, Ber. 1907, 
40, 1286; II. Truffault, Bull. Soc. ehim. 1934, 
[v], 1 , 206), over molybdenum sulphide, etc. 
(A. Szayna, Chem. Zentr. 1933, I, 706), yielding 
eventually dici/c/ohexyl, intermediate products 
being more readily aocjessible by synthetic 
methods, e.g. by the action of aryl magnesium 
halides on alicylio or hydroaromatit^ ketones; 
the resulting hydrodiphenyls are easily dehydro¬ 
genated by sulphur (F. Mayer and R. Sehiifner, 
Ber. 1932, 65, [B], 1337 ; see also J. von Braun, 
G. Irmisch and J. Nellcs, ibid. 1933, 66, fBj, 
1471); hydroxyl-and amino-hydro- derivatives 
prepared by somewhat analogous reactions (G.P, 
501853) arc stated to bo valuable as inter¬ 
mediates in the manufacture of dyestuff's 
and therapeutics. Diphenyl undergoes most 
normal aromatic; reactions (substitution pro- 
<lucts, see below). Polymerisation at a high 
temperature to tetraphenyl (U.S.P. 1976468) 
and direct rea<*tion with sulphur in presoncie of 
aluminium chloride to give diphenylene sulphide 
(Bolg. P. 390439) are noteworthy reactions, and 
G. T. Morgan and E. P. Walls (J.S.C.l. 1931, 
50T, 94) have discussed the value of diphenyl 
in syntheses of benzidine, earbazole, derived 
dyestuffs, etc. 

Diphenyl itself is not extensively used, though 
it has been proposed as a heat storage and 
transfer agent in indirect heating (G. Wanjuscha, 
Chem. Zentr. 1934, I, 1087; eJ. H. Frydlondor, 
Rev. Produits (him. 1932, 35, 161), to render 
suipluir fire-resisting (U.S.P. 1853818), to 

impnjgnate wood, etc. (F. A. Riuxles and 1. 
Erikson, Ind. Eng. ('hem. 1033, 25, 989). 

Derivatives. 

Theses arise in great variety by synthetic, 
methods and by substitution niaetions of 
diphenyl. Much work has been done on the 
orientation of highly substituted derivatives 
(see, for example, S. Sako, Bull. Chem. Soc. 
Japan, 1935, 10, 593 ; C. Finzi and Bellavita, 
Gazzetta, 1936, 66, 421) and, on the other 
hand, some derivatives of as yet unknown 
orientation are achieving eomme3rcial importance. 

The steroothemistry of diphenyl derivatives 
is still the Hubjt^ct of intensive study, optical 
isomerism being ascribed to restriction of free 
rotation of the two rings round the valency 
linking by o:o' substituents of sufficient size. 

Many halogen derivatives of certain orienta¬ 
tion are known, but although methods arc 
available for the preparation of pure compounds 
on a largo scale, e.g. by thermal condensation 
of o-dichlorobenzone (Jugoslav. P. 11597), 
technical mixtures prepared generally by 
chlorination of diphenyl in presence of catalysts 
such as iron filings and iodine (G. P. 654875 ; 
U.S.P. 1835754, 1890427; B.P. 360840) are 
alone of importance. Such mixtures are useful 
for imparting a lustre to and improving the fire- 
resistant and water-repellent properties ol 
fabrics (U.S.P. 1975072), as constituents of 
lacquers (F.P. 715074), particularly when in¬ 
corporated with cellulose esters or resins of 
the glyptal or coumarone typos (B.P. 351637). 

! The non-infiammability and high chemical 
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stability of ohlorodiphenyls make them very 
suitable for use as transfer agents in indirect 
heating, where as Arachlor they have become 
widely known (for an account of physical 
characteristics and industrial a,i)pli(^ation8, we 
C. Marx, Rev. Produits chiin. 1931, 34, 32S). 
Certain halogenated dihydroxydiplumyl deriva¬ 
tives are of some value as bactericides. 

Hydroxydiphenyls are prejaired by treating 
benzene diazonium salts with })hcno!s (Hirsch, 
Ber. 1890, 23, 3708; CLP. r)HCK)l), and form 
initial products of oxidation of polyphenols 
(H. Erdtman, Proc. Roy. Soc. A, 1933, 143, 
191), but are more readily obtained by hydro¬ 
lysis of chlorodiphenyls (U.S.P. 1959283, 

1979110), and through amino- derivatives 
(Jacobson and Locb, Her. 1903, 36, 4085 ; 
U.S.P. 2001523). 3- and 5-Alkylated 2- and 3- 
hydroxy- or alkoxydiphenyls are recommended 
as germicides (8. E. Harris and W. G. (Jhristian- 
sen, J. Amer. Pharrn. Assoc. 1934, 23, 530), 
while 0 - and p-alkoxy- derivatives are suitable 
for rendering cellulose esters plastic (U.S.P. 
1893283) ; tri-o-diphenyl j)hoRphate finds 
application as a plasticiser (U.S.P. 1859659). 
More highly substituted compounds (e.g. 3- 
carboxy-4-alkoxydiphenyl8 and amines such as 
ethoxyaminodiphenyl carboxylic acid, 

COOH;OEt:NH2-3:4:40 

are intermediates for therax)cutics (U.8.P. 
1969354, 1969357). 

Diphenyl itself is only sulphonated under 
energetic conditions; tlius a monosuljJionic acid 
is ])roduciHi after 17 hours in concentrated 
sulphuric acid at 65° (U.S.P. 1942386, 1981337). 
J. Eeldmann (Helv. Cliini. Acta, 1931, 14, 751) 
describes the preparation of diphenyl-4:4'- 
disulphonic acid and its conversion by nitration. 


amination, diazotisation and coupling with 
components of the typo of Nevile and Winther’s 
acid into vat dyoatulfs, but these do not seem to 
be of todinical importance. 

Nitration of diphenyl also calls for relatively 
drastic methods, the products varying from o- 
and p-mononitrodiphenyls (U.S.P. 1891543) to 
2:4:2':4'-tetranitrodiphenyl. C. Eiiizi and A. 
Mangini (Gazzetta, 1932, 62, 1193 ; 1936, 66, 
421) have made a comparative study of the 
products of nitration by various methods. More 
highly substituted nitro- compounds, as well as 
others of different orientations, have been pre- 
paretl, generally by synthetic means as distinct 
from substitution, for stere(»chemical study 
and for rediiction, thence to he converted into 
azo colours (B.l\ 373664, 390556). 


Amim)- Derivatives. 

Benzidine, 4:4'-diaminodiphenyl. — l^atent 
protection has been secured for th(^ manufac^ture 
of benzidine })y reduction of Lrl'-dinitrodiphenyl 
with iron and acid (U.8.P. 1954468; see also 
G. T. xMorgan and L. P. Walls, J.8.0.1. 1931, 
50, 94T), and another process of remarkable 
efficiency consists in heating 4:4'-dicij.lorodi- 
])lH‘nyl to 225-230° for 8 hours with ammonia 
and non-volatile bases in presence of a copper 
salt as catalyst, 99-99*5% yield being claimed 
(U.8.P. 1954469; B.P. 370774). Utilisation of 
the ben.ezidine rearrangement is still, however, 
the most important method of manufacture of 
benzidine and related bases of technical value. 
Ebe term benzidine rearrangement describes the 
facile translbrmation undergone in presence of 
mineral acid by those bydrazobenzenes con¬ 
taining two 1‘ree 'para- positions : 



The change is accompanied to a minor extent 
by a rearrangement using one ur^Ao-hydrogen 
atom, compounds of the diphenylene type being 
by-products. If only one para- position of the 
hydrazobenzene is free only one nucleus can 
undergo rearrangement (II) {semidine re¬ 
arrangement) and o- and p-semidine bases 
result. The mechanism of the benzidine change 
has been the subject of much study (for recent 
views, see C. K. Ingold and H. V. Kidd, J.C.S. 


1933, 984). Benzidine is prepared by reduction 
of nitrobenzene, usually with zinc and caustic 
alkali, the resulting hydrazobenzene being then 
rearranged on treating with ice and strong 
hydrochloric acid (U.S.P. 1405732, 1633123, 
1718373). Sodium amalgam is also suitable as 
the reducing agent (Poma, Atti congr. naz. 
chim. pura appli. 1923, 94), and a recent patent 
uses iron and caustic soda (B.P. 391774; see 
also Chem. Zentr. 1932, I, 1437). The same 
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method has been applied to the manufacture of a 
number of related bases (e.g. dianisidine, see 
delow), and many other obvious modifications, 
e.g. the electrolytic reduction of azoxybenzene in 
acid solution in presence of titanium or vanadium 
compoimds (G.P. 168273, 172654), etc., should 
also be included in this category. 

Benzidine forms shining leaflets, m.p. 127*6- 
128°, b.p. 400-401°/740 mm., and is character¬ 
ised by numerous colour reactions in presence 
of oxidising agents (J. Munch, F. Crossley and 
W. Hartung, J. Amer. Pharm. Assoc. 1931, 
20, 1037 ; 1932, 21, 341, 463), and by a sparingly 
soluble sulphate, Ci 2 Hi 2 N 2 *H 2 S 04 , chromate, 
CigHaoNgHaCrO^, and a 2'4-dinitrobenzoate 
(C. A. Buohler and J. 1). Calfee, Ind. Eng. Chem. 
[Anal.], 1934, 6 , 351). Benzidine forms addi¬ 
tion compounds Avith many organic (iompounds 
(e.g. quinone, quinol, acctoacetic ester), and gives 
characteristic colours and in some eases pre¬ 
cipitates with many metallic ions, being of 
value in the detection and estimation of cobalt 
(G. Spacu and C. Macarovlci, Chem. Zentr. 
1935, II, 2707), copper (A. Tettamanzi, Atti R. 
Accad. 8 ci. Torino, 1934, 1, 69, 197) and lead 
(J. Dubsk;^ and J. Trtilek, Chem. Obzor, 1934, 
9, 68 ) among others. Benzidine is also a re¬ 
agent of value in the detection of blood, the 
hsemoglobin (or any other compound possessed 
of peroxidising activity) catalysing the oxida¬ 
tion of the base in presence of hydrogen peroxide 
to an intensely blue quinhydrone (see Zincke in 
“ Abderhalden, Ilandb. d. biol. Arbeitsmeth.” 
1924, Abt. IV, Teil 12, 188). 

Benzidine undergoes the Skraup reaction 
with crotonaldehyde to form 2 : 2 '-dimcthyl- 6 - 6 '- 
diquinolyl (G.P. 567273), and has been pro¬ 
posed for use in minor quantities as an anti¬ 
ageing material for benzol and fuels (T. Rogers 
and V. Voorhees, Ind. Eng. Chem. 1933, 25, 
520), and for rubber; in the thermal polymeri¬ 
sation of unsaturated oils (U.S.P. 1760535), and 
to replace aniline in the preparation of form¬ 
aldehyde resins. Benzidine finds, however, 
its greatest application in the manufacture of 
direct cotton dyestuffs, which result on tetrazo- 
tisation (of benzidine and derivatives, see below)^ 
followed by coupling with the usual comx)onents 
— e.g, Congo Red, the oldest of this group, results 
from coupling with naphthionic acid. The 
range of colours is increased as the second 
diazonium group reacts more slowly than the 
first, so making possible the manufacture of 
mixed benzidine colours. It is also a source of 
sulphur colours (e.g. G.P. 296104, 302792), 
obtained by converting to bases of the thiazole 
type and coupling with diazo- compounds. 

Homologues and Derivatives of Benzidine .— 
The following are of importance in the dyestuff 
industry : 

(For purposes of nomenclature benzidine- 
derivatives may bo numbered as diphenyl- 
derivatives : 


.‘J 2 2' 3' 



More usually, however, as in the present article, 
substituted benzidines are quoted as ortho- 


(3, 5, 3', 5') or meia- (2, 6, 2', 6') derivatives ’ 
instances occur in the literature, nevertheless^ 
where the terms ortho- and meta- refer to the 
bond finking the nuclei.) 

o-(3-)Nitrobenzidine, m.p. 143°.—Nitration 
of benzidine yields ortho- and meta- nitro¬ 
compounds, depending on whether the base or 
an acyl- (acetyl or phthalyl) derivative is used. 
Of known compounds only o-nitrobenzidine, 
obtained by adding potassium nitrate to a 
solution of benzidine in sulphuric acid, is of 
importance. Tetrazotisation and coupling first 
with salicylic acid, then with Nevile and 
Winther’s acid yields Anthracene Red (G.P. 
72867). 

o-Dichlorobenzidine (3:3'), m.p. 133°, is 
prepared (a) by chlorination of N-N'-diacetyl 
benzidine (G.P. 94410) and (b) by alkaline 
reduction of o-chlornitrobenzeno and rearrange¬ 
ment of the initially formed hydrazo compound. 
It is of some value as the source of dyes which 
are faster than analogous unsubstituted com¬ 
pounds (G.P. 236856, 251479 ; F.P. 766102), 
and of a vat d 3 ’e 8 tuff (G.P. 230442). Some are 
of value as silk dyes (F.P. 762447). (For 
others, see P. Ruggli and Braun, Helv. Chim. 
Acta, 1933, 16, 858.) 

Benzidine-o-(3-)sulphonic acid, best made 
by a “ baking ” process from benzidine sulphate, 
is the source of Tryj)an Red. 

Benzidine-o-disulphonic acid (3:3') results 
on baking benzidine with two j)arts of sulphuric 
acid at 210° for 36-48 hours and serves in the 
preparation of direct azo- dyes. 

Benzidine-m-disulphonic acid (2:2') is 
formed on reducing and rearranging ?/i-nitro- 
benzerjesulphonic acid and is used to some 
extent in the manufacture of wool dyes. 

The direct substantive property is lost when 
meta- substituejits are present in benzidine 
dyestuff's, but is regained if cyclisation is effected 
as in benzidine sulphono and its sulphonic 
acids. 



Benzidine sulphone disulphonic acid is 
manufactured by sulphonating the sulphone or 
its inonosulphonic acid with 40% oleum at 170° 
(G.P. 27954, 33088), and gives blue dyo- 
stufi’s. 

o-Tolidine, 3 : 3 '-dimethylbenzidine, m.p. 129°, 
from the appropriate toluene intermediates, is 
the source of many azo- dyes (Toluylene Orange 
R, etc. ; Schultz, Farbstofftabellen, 1920, 
Nos. 370, 373-399, 450-452, 454, 481). 

O'Dianisidine, 3;3'-dimethoxybenzidine, m.f). 
137-138°, is manufactured from o-nitro- 
anisole by zinc-alkali reduction and rearrange- 
ment (R. Jansen, Z. Farbenind. 1913, 12, 247 ; 
U.S.P. 1718373), yields many valuable direct 
cotton dyestuffs and also finds application in the 
dyeing of acetate silk. R. Sen and R. Sadasivam 
(J. Indian Chem. Soc. 1932, 9, 403) describe the 
preparation of a number of new derivatives and 
azo- colours. 

o-Ethoxybenzidine, m.p. 134-136°. Benzene 

diazonium chloride is coupled with j^-phenol 
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sulphonio acid, the intermediate ( 1 ) is ethy¬ 
lated (II) and then reduced and rearranged with 
acid stannous chloride, the sulphonic group 
being finally eliminated by autoclave hydrolysis 
at 170°: 

CeH 5 N-NCeH 3 ( 0 H)(S 03 H) 

I. 

—> C3H5N = N-C 6 H 3 ( 0 Et)(S 03 H) 
II. 

(For literature of benzidine, see G. Schultz, 
“ Die Chemie dos Stoinkohlontcers,” 1926, 
4th Aufl., Bd. 1 .) 

DIPHENYLAMINE, C12H11N. Omitting 
its formation as a degradation product and in 
reactions of only theoretical interest, diphenyl- 
amine is always prepared by bridging two 
benzene rings by essentially simple operations. 
The NH- bridge may be introduced (1) as 
ammonia, ( 2 ) as a preformed substituent in one 
of the benzenoid components or ( 8 ) by elimina¬ 
tion of ammonia from 2 mol. of aniline or their 
equivalent: 

( 1 ) Chlorobenzene yields diphenylamine on 
heating with 25% ammonia at 150-250° in 
presence of copper oxide or chloride (IJ.S.P. 
1726170-1726173). 

( 2 ) Elimination of watei' between aniline and 

phenol to yield diphenylamine takes place in 
presence of a little strong acid (U.S.P. 1921587), 
in presence of an aci(l-ac!tivatod hydrosilicato 
catalyst (G.P. 530736) and also when 

heated (Merz and Weith, Ber. 1880, 13, 1298). 
Chlorobenzene may be substituted for phenol 
when aluminium can iiinction as a catalyst 
at 180-200° (Dutt and Kay, J. Indian Chem. 
80 c. 1928, 5, 103), sodium metal arid a trace 
of copper oxide also being elfective (U.S.P. 
1882759). Suitable catalysts, when bromo- 
benzeno is the second component, are soda-lime, 
potassium carbonate (Merz and Pachkowesky, 
J. pr. Chem. 1893, [iij, 48, 462) or cuprous 
iochde (G.P. 187870); acetanilide may be used 
instead of aniline. Another transformation 
belonging to this group is the interaction of 
aniline and benzenesulphonio acid at 200 - 220 ° 
(U.S.P. 1549136). 

(3) The action of aniline on aniline hydro -1 
chloride at 200-230° or in presence of catalysts 
(U.S.P. 1840576) is the most important syn¬ 
thesis of diphenylamine. Aniline alone is 
converted into diphenylamine in presence of 
catalysts such as copper, iodine, reduced nickel 
at 3(X)° (Sabatier and Seiiderens, Compt. rend. 
1901, 133, 323; «e€ also U.S.P. 1314538), while 
some are effective at atmospheric pressure and 
240° (U.S.P. 1907821). 

Purification of crude diphenylamine is effected 
by extracting stronger bases with hot dilute 
hydrochloric acid and distilling either alone or in 
steam {see Desvergnes, Chim. et Ind. 1932, 28, 
769). 

Physical Properties. —Diphenylamine forms 
monoclinic laminas, m.p. 64°, b.p. 302°/760 ram. 
Insoluble in water, soluble in alcohol, benzene 
and ether (for precise data, see Desvergnes 
Ann. Chira. Analyt. 1928, [ii], 10, 253). It is 
only very feebly basic, measurements of solu¬ 
bility in dilute sulphuric acid of known giving 


^ 6 = 7 ‘ 6 x 10-14 at 15° (Thiel, Z. Elektrochem. 
1929, 35, 274), but forms salt-like alkali metal 
compounds which are good electrolytes 
(Hantzsch, Ber. 1921, 54, 2613 ; Kraus and 
Hawes, J. Amer. Chem. Soc. 1933, 55, 2776). 

Chemical Properties.—Simple oxidation of 
diphenylamine results chiefly in the formation 
either of carbazole(g'.t;.)or of bimolecula rproducts. 
The action of load peroxide in benzene suspen¬ 
sion, or potassium permanganate in acetone on 
diphenylamine (Wieland and Gambarjan, Ber. 
1906, 39, 1500), or the action of iodine on the 
sodium derivative of diphenylamine (Ohattaway 
and Ingle, J.fLS. 1895, 67, 1091), among other 
methods, yield tctraphenylhydrazine : 

2(C«H,)2NH i O -> (CcH5)3 N N(C6H3)3 

With many mild oxidising agents, ferric chloride, 
hydroferrocyanic acid, iodine and silver por- 
clilorate, etc., the product is diphenylamine blue, 
for which W. Madelung, E. Keiss and E. Herr 
(Annalen, 1927, 454, 7) propose a quinonoid 
diphenylbenzidine salt formulation. Elemen¬ 
tary sulphur replaces two hydrogen atoms to 
give the thiazole parent substance of methylene 
blue, but can also be made to jdeld resinous 
products of some value (G.P. 401168). Catalytic 
reduction of diphenylamine at 190-210° 
gives cyc/ohex 3 danilino and diryc^ohexylamino 
(Sabatier and Senderens, Compt. rend. 1904, 
138, 460 ; see also G. Hiors and R. Adams, 
J. Amer. Chem. Soc. 1927, 49, 1099, for a 
milder procedure employing platinum), w^hile 
at 250° ammonia is eliminated with forma¬ 
tion of cyclohcxcDG. Direct chlorination can 
yield 2:4:2':4'-t(‘trachlorodiphcj)ylamine, fur¬ 
ther Hubstitiition affording hexa- and octa- 
derivativt's and finally perchlorobenzene. Di-, 
tetra-, hexa- and octa-bromdiphenylamines 
are kjiown {see L. Galatis and d. Megaloikono- 
mos, Praktika, 1934, 9, 20) {see Estimation), and 
iodine in alcohol in presence of mercuric oxide 
yields a diiodo- compound (G.P. 81928), 

while even thiocyanogen groups can be directly 
introduced (F.P. 620799). Nitration is also 
easily effected, nitrous fumes giving not only 
N-nitroso derivatives but also nuclear nitro¬ 
compounds (Stoormer and Hoffmann, Ber. 1897, 
31, 2535 ; see also Derivatives). Treatment of 
diphenylamine with sulphuric acid at 150-170° 
yields mono- and disulphonic acids, but chlor- 
sulphonic acid is most advantageously employed 
(K. Dziewonski and M. Russocki, Bull. Intern. 
Acad. Pol. 8 ci. Lettres, 1929, [A], 506), the use 
of oleum leading to formation of a sulphone : 



C. S. Gibson and D. Vining (J.C.S. 1923, 123, 
831) found that, unless precautions were taken, 
the normal methylating action of methyl sul¬ 
phate was supplanted to a large extent by a sul- 
phonating action with production of methyl- 
diphenylaminesulphonio acid. 

Diphenylamine undergoes many reactions by 
virtue of the imino hydrogen atom, which is 
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readily replaced, either directly or through an 
alkali metal salt, by acyl, alkyl or aryl radicals. 
Thus N-formyl, N-acetyl, N-methyl diphenyl- 
amines, triphenylamine and diphenyJcarba- 
midic acid, etc., are readily accessible through 
appropriate halogenated or hydroxylatcd re¬ 
actants. Such reactions with halogen com¬ 
pounds are general and are sometimes successful 
with dihalogeno compounds, e.(/. idiosgene, 
which gives chloroformyldiy)henylamine, 
(CgHslaN-COCI (G.P. r)llS8()). Only occa¬ 
sionally does reaction take an alternative course, 
as when benzyl chloride in presence} of zin(‘ 
chloride yields 4-anilino-diphenyImethane and 
triphonylmethyl chloride gives 4-anilino-tetra- 
phenylmethane (H. Wielaiid, Ber. 1919, 52, 
896). N-acyl-diphenylamincs or their func¬ 
tional equivalents when heated with dehydrating 
agents yield acridines : 



Thus formyl- and acetyl- diphenylamines yield 
acridine and 9-mothylacridinc respccd-ivcly, and 
by a similar mechanism chloroform and benzo- 
trichloride may yield acridine and 9-phcnyl- 
acridine. Similarly also, diphenylamine, suc¬ 
cinic acid and zinci chloride afford acridine-9- 
propionic acid (Jensen and Howland, J. Amcr. 
Chem. Soc. 1926, 48, 1988). 

Other facile ring syntheses undergone by 
diphenylamine are the formation of l:2:3-tri- 
phenylindole with benzoin and zinc chloride 
(Richards, J.C.S. 1910, 97, 978) and of 1-phenyl- 
3-hydroxy-l:2:3:4-tetrahydroquinoline with epi- 
chlorohydrin (G.P. 284291). 

Detection and Estimation. —Diphenyl- 
amine, owing to its many colour reactions, pre¬ 
sents little difficulty in detection. The blue colour 
in presence of nitric and sulphuric acids is well 
known (.see H. Riehm, Z. anal. Chem. 1930, 81, 
363) and can be adapted to the detection of 
nitrite (Novelli, Anal, Asoc. Quim. Argentina, 
1926, 18, 13), to the recognition of nitro-silk 
(Rev. G6n. Mat. Col. 1931, 35, 201), etc. Similar 
colours are given by other oxidising agents, 
such as tetrachloro-^-bciizoquinone (Ciusa, 
Atti. R. Accad. Lincei, 1909, [v], 18, ii, 101), 
chloric acid (Laar, Ber. 1882, 15, 2080 ; 5ee also 
a modified test, Chem. News, 1906, 91, 166), 
ferric salts (A. Thiel, Z. Elektrochem. 1929, 
85, 274), potassium dichromate (Korenman, 
J. Chem. Ind. Russ. 1931, 8, 508), ammonium 
persulphate (K. Scheringa, Pharm. Weckblad, 
1923, 60, 248), etc. Colour reactions have 
also been observed with sodium cobalti- 
nitrite (W. Parri, Giom. Farm. Chim. 1923, 
72, 6), dihydroxy tartaric acid (Sihvonen, Ann. 
Acad. Sci. FennicBe, 1921, [A], 16, pt. 9), purines, 
pyrimidine nucleosides and thymus nucleic 
acids (Angermann and Bielschovsky, Z. physiol. 
Chem. 1932, 191, 123), Grignard reagents 
(Wuyts, Bull. Soc. chim. Belg. 1927, 36, 222), 
etc. 2:4-Dinitrobenzoic acid (C. Buehler and 
J. Calfee, Ind. Eng. Chem. [Anal.], 1934,6,351), 


jo-chlorbenzazide (P. Sah et al.^ J. Chinese Chem. 
Soc. 1935, 3, 137) and p-nitrobenzyl halogenides 
(E. Lyons, J. Amer. Pharm. Assoc. 1932, 21, 
224) have all been recommended for the detec¬ 
tion of diphenylamine. 

The determination of diphenylamine, e.g. 
in smokeless powders, is of importance and is 
effected by simple ether extraction, by distilla¬ 
tion in steam and subsequent extraction or, 
most accurately, by a process of extraction 
followed by brornination to tetrabrorndiphenyl- 
amine {see Berl-Lunge, “Chem.-tech. IJnters. 
methoden,” 1932, 3, 1246 ; Allen, “ Comml. Org. 
Anal.,” 1925, 3, 655). The estimation may be 
carried out gravimetrically (Z. ges. Schioss- u. 
Sprengstoffw. 1933, 28, 723; 1935, 30, 42) or 
volumetrically {ibid, 1933, 28, 233 ; Chem. 
Obzor. 1926, 1, 295) {v. Explosives). 

Application. —Diphenylamine finds applica¬ 
tion as a component of some azo- dyestuffs {e.g. 
Orange IV and Metanil Yellow ; see also 
Dtu-ivatives), and is the most reliable of all 
stabilisers for explosives, being incorporated (8%) 
with nitrocellulose powders and with other high 
explosives (Marshall, Ind. Eng. Chem. 1920, 12, 
336 ; U.S.l*. 1547869). Diphenylamine is also 
an anti-ageing material for rubber (U.S.P. 
1725564), a vulcanisation accelerator (U.S.P. 
1643205) and an anti-oxidant, e.g. for the per¬ 
fume} component a-arnylcinnamaldehyde (U.S.P. 
2001788) and for some oils (L. Chebotar, J. Inst. 
Petroleum Tech. 1934, 20, 168). 

Derivatives. -The following are of technical 
importance : 

o-Nitrodiphenylamine, m.p. 75°, from aniline 
and o-chloronitrobenzene in presence of sodium 
acetate, yields on reduction with stannous 
chloride o-aynivodiphenylmninc, m.p. 80°, the 
source of flavinduline and dyestuffs of the 
fluorindeno series (G.P. 78601). 

p-Nitrodiphenylamimy m.p. 133°, is made by 
treating 4-nitrodiphenylamine-l-sulphonic acid 
with hydrochloric acid. p-Aminodiphenylamine^ 
m.p. 66—67° (alcohol), 75° (petroleum), obtained 
by reduction, yields on oxidation black dyes for 
hair and fur (G.P. 92006, 187681). 

Bym.-IIexanitrodipheuylamine {Aurantia), al¬ 
though formed by direct nitration of diphenyl¬ 
amine and prepared quite safely by nitrating in 
acetic anhydride solution in presence of copper 
nitrate (B.P. 235698), is best obtained from 
N • N '-diphonylurea (Z. ges. Schiess- u. Spreng¬ 
stoffw. 1910, 5, 16 ; 1913, 8, 205 ; R. Escales, 
“Nitrosprengstoffe,” 1915,185 ; E. Hoffman and 
P. Dame, J. Amer. Chem. Soc. 1919, 41, 1013). 
It is a dyestuff, but is of more importance as an 
explosive (H. Kast, Spreng- u. Ziindstoffe, 1921, 
279). 

asym.-Diphenylureay (C 0 H^) 2 N CO*N {Ac- 
ardite)t is of value as a stabiliser for explosives 
(Berl-Lunge, “ Chem.-tech. Unters. methoden,” 
1932, 8, 1246). 

DIPHENYLDIMETHYLOLID GROUP. 

Diphenyldimethylolid, 


O—CO 



CO—o 



DIPHENYLMETHANE. 


the rlilactone of dibydroxydiphenyldicarhoxylio 
acid, is the mothe^r substant'c of a small series of 
colouring matters, of which but one natural 
representative, ellagic acid, is as yet known to 
exist. 

Though diphenyldimethylolid is at present 
unknown, diphonyImethylolid, 


O—CO 



needles, m.p. 92-5°, has been j)repared by various 
methods, and of these that of Richter (J. pr. 
Chera. 1883, [iij, 28, 294), who obtained it by 
the action of phosphorus oxychloj ide on ethyl 
salicylate, is the simplest. 

Colouring matters derived from diphenyl- 
methylolid itself do not appear to (^xist in 
nature, thoiigli certain of them can be readily 
prepared by the action of alkali on di})henyi- 
dimethylolid com])oundH, in whicli case hydroly¬ 
sis followed by tlu^ i‘liniination (»f a (tarboxyl 
grou]) o('(!urs : 


O CO O CO 



By a more drastic? action of alkali, hydroxydi- 
phenyl derivatives are produced : 


OH HOOC 



By distillation with zinc dust, diphenyl- 
methylolid yields lluorene. 



in addition to diphenyl and methyldiphenyl 
(Graebe, Ber. 1903, 36, 214). 

A. G. P. and E. J. C. 

DIPHENYLENEMETHANE, the sys¬ 
tematic name for Fluorene. 

DI PH ENYLM ETHAN E . Excluding 

reactions of purely academic interest in which 
diphenylmethane is a product, preparations of 
this hydrocarbon fall into three groups : 

(1) Reactions effecting the union of two phenyl 
nuclei through a methylating agent. 

(2) Simple linkage of phenyl and benzyl 
residues. 

(3) Reduction of oxygenated diphenyl- 
methanes. 

To the first group belong the condensations of 
2 mol. of benzene with methylene chloride 
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in presence of aluminium chloride (Friedel 
and Crafts, Bull. Soo. chim. 1884, [ii], 
41, 324), with chlorornethyl ethyl other 

under similar conditions (V^crloy, Bull. Soc. 
chim. 1897, [iii], 17, 914) or with formaldehyde 
under the action of acetic-sulphuric acid mixture 
(Nastjukow, J. Russ. Phys. Chem. Soc. 1903, 35, 
830). 

Reactions of the second group are more 
numerous and include the most imj)ortant 
syntheses. They are typified by the condensa¬ 
tion of benzyl chloride with benzene in presence 
of metals or aluminium chloride (Radziewanow- 
ski, Ber. 1894, 27, 3236) and cerium powder (J. 
Lai and 8. Dutt, J. Indian C3iera. Soc. 1932, 9, 
56.7); and thorium chloride is also stated to 
bo effective. Even ferric chloride effects 
the condcinsation (E. Wortyporoch, Her. 1933, 
66, [Bj, 1232), but the most convenient 
laboratory preparation uses aluminium amal- 
I gam (W. Hartman and R. Phillips, Org. 
8yn. 1934, 14, 34). The method of Meyer 
and Wurstcr (Her. 1873, 6, 963; (//,m 

H. Mcytu' and K. Bcrnhauer, Monatsh. 1929, 
53/54, 721), in which sulphuric acid condenses 
benzyl alcohol with bonzeru^, is of technit^al 
importance, as are some modiheations, c.r/. 
Fdldi (U(*r. 1928,61, [BJ, 1609) heats benzene w ith 
bimzyl b(‘nzcncsulj)h()nic ester (see also B.P. 
319273), and diphenylnH'thane is also obtained 
by passing benzene and benzyl alcohol over 
catalysts at 25(F and 20-40 atm. (B.P. 319205, 
F.P. 681049). A number of tctthnical prepara¬ 
tions which consist essentially in the condensa¬ 
tion of toluene at high tiunperatures—sometimes 
in the presence of thorium oxide, cobalt oxide 
or otht‘r (-atalysts—should be included in this 
group (pjj. G.V. 555079, 581046). 

(.)f the preparations under group three, reduc¬ 
tion of benzophenone is most important; reduc¬ 
tion is easily effected by sodium, zinc and 
Hulphuri(* acid, hydrogeri under pressure over 
nic:kel or (;o])})er, by activated AI ])owdor (A. 
Ray and 8. Dutt, J. Indian Chera. Soc 1928, 
5, 103), by hydriodic acid (U.8.P. 1914870), etc.. 
Biphenyl carbinol may be reduced by similar 
means, c.f/. by sodium, hydriodic/acetic acid, 
zinc amalgam and HCI (Steinkopf and Wolfram, 
Annaleu, 1923, 430, 113), and by passage over 
thorium oxide catalyst, etc. 

The technical preparations of diphenyl¬ 
methane have been reviewed by R. Sornet 
(Rev. Chim. Ind. 1929, 38, 8). 

Properties .—BiphonyImothano crystallises in 
colourless needles, m.p. 26-27°, b.p. 261-262°, 
or 14r/27 mm., soluble in common organic 
solvents. 

Heactions ,—Besides those reactions directly 
attributable to the aromatic? nuclei in diphenyl¬ 
methane (substitution reactions, see helow)^ the 
central methylene group imparts a peculiar 
reactivity of its own. Thus although the 
hydrogen atoms in this group are inactive 
towards a Zerewitinoff reagent and fail to react 
with benzaldehydc, p-nitrosodimethylaniline, 
nitrous acid or diazonium salts (8. Skraup and 
K. Bohm, Ber. 1926, 59, 1007), they are easily 
substituted by chlorine on treatment with 
nitrosyl chloride (R. Perrot, Compt. rend. 1934, 
198, 1424), and sodium phenyl followed by car- 
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bon dioxide effects introduction of a carboxyl 
group (F.P. 736428). Again, mild dehydro¬ 
genation by sulphur (Ziegler, Per. 1888, 21, 
780) yields tetraphenylethyleiio (fluorene is 
formed on drastic heat treatment), while oxida¬ 
tion to benzophenono is effected by chromic acid 
(Zincke, Annalen, 1871, 159, 377) or by selenium 
dioxide (C. H. Fisher, J. Amer. Chem. Soc. 
1934, 56, 2056). 

Catalytic hydrogenation of diphenylmethano 
yields a dihydroderivative and, with Adams’ 
catalyst under moderate pressure, or nickel 
under high pressure, dicycZohexylmethane is a 
final product (R. Adams and J. Marshall, J. 
Amer. Chem. Soc. 1928, 50, 1970; R. Truffault, 
Bull. Soc. chim. 1934, [v], 1, 206). 

Diphenylmethano forms additive compounds 
with antimony halides (Menschutkin, J. Russ. 
Phya. Chem. Soc. 1912, 48, 1808). 

Derivatives. —Halogen derivatives with 
nuclear halogen are synthesised from the 
appropriate halogonated components by methods 
illustrated above. Thus 4-chlorobenzophenonc 
may be reduced by hydriodic acid to 4-chloro- 
diphenylmethane (Montagne, Rec. trav. chim. 
1907, 26, 267) or ethyl p-chlorobenzylethor 
may be condensed with benzene in presence of 
phosphorus pentoxide (Moyer, J. pr. Chem. 
1910, [ii], 82, 538). Classical methods, such as 
replacement of amino- groups by bromine atoms, 
have occasionally been employed ; for 2:2'- 
dibromodiphenylmethane, see Thorp and Wild- 
man (J. Amer, Chem. Soc. 1915, 37, 375). Direct 
halogenation of diphenylmethane always sub¬ 
stitutes the methylene hydrogen atoms (e.g. 
controlled bromination yields diphenylmono- 
and dibromo- methane), although other methods, 
such as treatment of benzhydrols with hydro- 
bromic acid or benzophenones with j)hosphoru8 
pentabrornide, are frequently more convenient. 

These derivatives are only of minor technical 
importance, although the reactivity of halo- 
genated diphenylmethanes is of interest (M. 
Sommelet, Cornpt. rend. 1925, 180, 76). 

Nitro- derivatives ,—Diphenylmethane yields 
on nitration two dinitro- derivatives and, under 
more stringent conditions, atetranitro- compound 
(J. M. Gulland and R. Robinson, J.C.S. 1925, 
127, 1493). Isomers have been prepared using 
appropriate benzene derivatives, and the 
synthetic routes outlined above {e,g. G.P. 
72490; Le F6vre and Turner, J.C.S. 1927, 
1120), but they are of little technical interest. 
The conversion of 2:4;2':4'-tetranitrodiphenyl- 
methane into 3:6-diaminoacridone (K. Matsu- 
mura, J. Amer. Chem. Soc. 1929, 51, 816) 
deserves mention. 

Hydroxy- derivatives are almost invariably 
obtained by employing a phenolic component in 
one of the synthetic approaches outlined above. 
Thus benzyl chloride and phenol yield, according 
to conditions, 2- or 4-hydroxydiphenylmethane 
(Short and Stewart, J.C.S. 1929, 555), whilst 
2 ;4-dihydroxydiphenylmethane results from 
condensing benzyl chloride with resorcinol in 
presence of aluminium chloride (Klarmann, 
J. Amer. Chem. Soc. 1926, 48, 791). A patented 
process making homologous hydroxydiphenyl- 
methanes available, and consisting in the 
catalytic condensation of ketones and phenols 


followed by reduction of the intermediate 
ketone, deserves mention (B.P. 252594): 


Amino- derivativeSy although available through 
corresponding nitro- compounds, are generally 
synthesised from substituted anilines and 
formaldehyde, e.g. dimethylaniline condenses in 
an acid medium with formaldehyde to yield 
tetramcdhyldiaminodiphenylinethane {see G.P. 
70402, 72490, 73946, 73951). Such compounds 
arc of importance in view of their ready 
conversion to diphenylmethano dyestuffs. 

Diphenylmethane itself finds some application 
as a component of solvents for cellulose lacquers 
(A. Noll, Papierfabrikant, 1927, 25, 497; 
Chem.-tech. Fabr. 1928, 25, 85), and as an 
insecticide. It is employed to a considerable 
extent in the perfume industry as the base of a 
cheap imitation of geranium, being used more 
in soap perfumery than in liquid perfumes 
(J. Damvra, G. Chimici, 1934, 28, 373). 

DIPHENYLOXIDE. Formula (C6H5)20, 
m.p. 26-27°, b.p. 256-257°. The odour of this 
synthetic perfume is similar to. but harsher than, 
that of diphenylmethane, and is used in the same 
way and for the same purposes as this hydro¬ 
carbon. 

F. J. P. 

DIPLOSAL. Trade name for salieoyl-sali- 
eylic acid, H0 CgH 4 *C 02 C 6 H 4 C 02 H, m.p. 
147°. I'he sodium salt is of some value as an 
analgesic (IJ.S.P. 1483217), but diplosal finds 
greater use as an anti-rheumatic, e.g. in oint¬ 
ments (H. Esehenbrenner, Pharm. Ztg. 1935, 
80, 442), and as a compound with quinine 
(Schwan, Med. Welt. 1931, 5, 1395). 

DIPPEL’S 0\Lv. Bone Oil. 

DIPROP>ESIN. Trade name for di-para- 
carbpropoxyphenylurea. 


C0(NHCeH4C02P0o, 


m.p. 171-172°, an internal anaesthetic (Pharm. 
Ztg. 1908, 53, 817). 

DI -ISO- PROPENYL, jSy-dimethylbutadiene 
(v. Butadienes and Polyolefins (Conjugated)). 

D IQ UIN ICIN E, diconquininey v. Cinchona 
Alkaloids (Vol. Ill, p. 162a). 

DIRECT BLACK (Caledon and Paradone) 
V . Anthraquinone Dyestuffs (Vol. I, p. 424c). 

DISACRYL V. Acrolein (Vol. 1, p. 1.366). 

D iSALOL. Trade name for phenyl salicoyl- 
salicylate. 

D i SCRASITE, Antirnonial silver, Ag^Sb {v. 
Antimony). 

DISINFECTANTS. A disinfectant or 
bactericide is a substance that kills micro¬ 
organisms, whereas an antiseptic or bacterio¬ 
static substance is one that inhibits bacterial 
metabolism without necessarily producing a 
lethal effect. Ideally a practical disinfectant 
should also be a deodorant and be without lethal 
action on higher organisms in those concentra¬ 
tions at which it is an effective germicide. This 
should not involve the production of a 
“ chemical ” odour in the area to be treated, 
neither should an ideal disinfectant produce 
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corrosive or caustic acstion on aniuial tissue. 
It is also preferable that the disinfectant should 
not stain the treated area. 

Bacterial spores are much more resistant to 
most disinfectants than the corres])onding 
vegetative cells. A disinfectant should be 
efficient against organisms of widely varying 
types, i.e. it should be without marked specific 
action against certain bacteria. Occasionally, 
however, specific action may be required. 
Bacteria are much more difficult to kill by 
means of disinfectants wdicti organic matter is 
also present, as it nearly always is in practice. 
The bactericidal powder of practi<;ally every 
known disinfectant is reduced in the pre.scnco of 
organic matter, and naturally the ideal disin¬ 
fectant is one where this redindion is a minimum. 
Unfortunately the organic matter ])resent 
varies widely in nature, and as a result it is 
difficult to predict what wdll occur in all cases. 
There are undoubtedly cases whore “ chemical ” 
disinfection is quite unndiable, e.g. sterilisation 
of anthrax spores in blood clots in hides and 
sterilisation of stools, just as there are cases 
where the germicide may lx* iiuonifaitihlc with 
the organic matter, e,(j. mercuric chloridt* with 
albumen. The ideal disinfectant must also be 
reasonable in price, altliough nowadays this is 
often subsidiary to the cost of launching it upon 
the market. 

Mechanism of DlsinfvdUni .—^lucli effort has 
been directed towards formulating some 
generally applicabk'i th('ory of disinfection. 
Krbnig and Paul, in 1897, first drew attcutiuii 
to the relationship bctw(‘en germicidal action 
and the ionic eonc;entration of certain ions, .sudi 
as Ag. Hg and H. They Huggested that 
germicidal power was proportional to the 
concentration of gcrmicudal ions, but as a result 
of work by Kitasato, Horrocks and W inslow^ 
on the common acids, and tlie development of 
the organic metallic derivatives, this theory is 
seen to have a very limited application. 

Disinfectants may ire either (a) ionised in 
aqueous solution, {b) non-ioni.sed in acpieous 
solution, (c) in colloidal suspension, but in order 
to be practically effective they must generally 
be soluble in or miscible with water. Thus any 
vabd theory of disinfeertion must be capable trf 
extension to solutions and to emulsions. A ; 
bacterial suspension in an aqueous liquid 
possesses many properties analogous to (loJloidal 
systems. It exhibits Browmian movement, is 
electrostatically charged, and undergoes kato- 
phoresis. Bacteria are feebly precipitated by 
certain cations, e.^. Fe’*'and AT’*, Cu‘*and Hg“, 
but they are practically uiiaffo(!ted by alkali and 
alkaline earth cations. Protective colloids 
confer only a slight protection against precipita¬ 
tion. We may, therefore, regard a bacterial 
suspension as consisting of suspensoid nuclei 
coated by or containing an emulsoid. 

Studies of the reaction between agglutinins and 
bacteria and toxins and anti-toxins by Marsden, 
Nyman and Chick have thrown light on the 
process of disinfection. These reactions re¬ 
semble in many respects the combination 
between a weak acid and weak base on the basis 

C C 

of the L^w of Mass Action, or else 

U3 


the usual adsorption phenomena ubservod at 
colloidal interfaces on the basis of the adsorption 
1 

formula ^ -aC Experimental evidence was 

not sufficiently accurate to distinguish between 
the two, but there is now little doubt that 
adsorption is the first stage of disinfection. 

We can thus distinguish between the following 
types of action : 

(1) Adsorption of cations, e.g. ionised sub¬ 
stances such as mercuric chloriile. 

(2) Direct adsorption of non-ionised sub- 
vSt}ino(‘s in solution, e.g. phenol. 

(3) Mutual action of two colloids, e.g. bacteria 
and coal-tar emulsions. 

There can be no doubt that the next stage, 
in most (tases, is diffusion of the lethal substance 
through the bacterial membrane. The experi¬ 
ments of de Vries on the plasmolysis of plant 
cells indicated quite clearly that some sub¬ 
stances could penetrate into the interior of 
cells w ith ease, while others could not. Certain 
large inoleculcs like strychnine, ether and 
chloroform can readily diffuse into a cell, 
wdiile other n'lativcly small molecules, such as 
NaCI, cannot so diffuse. In some ences the 
la(!k of permeability may bo ascribed to chemical 
rea(‘iions between the siibstaiUH^ and the mem¬ 
brane. At the same time it should be noted 
that eell-p(u-mtuil>le substances are soluble in 
fats, fat solvents and lifxuds, whil(‘. being rela¬ 
tively insoluble in water. The im})ermeahlo 
substanecH. on the other liand, are soluble in 
w^atej\ while Ixdng relatively insoluble in fats, 
fat solvents and lifauds, Jt is evident, there¬ 
fore, that the Partition C^oefticient is a factor of 
importaneo', 

Solubility in fat, fat solvents or lipoids 
Solubility in water or environment of cell 

liarge values for K would indiciate a per¬ 
meable substance and an effo<^tivo germicide 
which would readily dissolve in the lipoid 
material of the bacterial cell and reduce or 
extinguish its vitality. Thus urea, CO(NH 2 ) 2 » 
penetrates the cell with extremo slowness, but 
by replacing the H atoms with aryl or alkyl 
groupings the rate of permeation increases very 
considerably. iSimultancously there is an 
increase in cther-soliibility. Ether-soluble basic 
dyes penetrate thci bacterial coll with ease, 
whereas the water-soluble sulphonated dyes do 
not penetrate appreciably. It is of interest to 
note that lipoid-soluble substances will be 
absorbed by dead as well as living cells, and 
thus ovidenco of absorption cannot be taken as 
an indication of life in the cell. Further, 
death of the cell does not necessarily follow 
its penetration by chemical substances. The 
aliphatic hydrocarbons, for example, possess 
a largo partition coefficient, but they are not 
raarkeclly germicidal. It is found that the 
addition of sodium chloride to phenol increases 
the bactericidal value of the latter, whereas 
the addition of alcohol decreases it. This can 
be attributed to the alteration in the lipoid/ 
water partition coefficient, because salt acts by 
decreasing the solubility of phenol in water, 
whereas alcohol increases the water-solubility of 
phenol. 


VoL. IV.-~2 
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A further factor of groat significance is the 
influence of the germicide on the surface tension 
of the medium. From the Gibbs equation : 

c 55 

■"”HT5c 

it follows that in those cases where the solute 
lowers the surface tension of the solvent, adsorp¬ 
tion or surface corujentration will occur. Thus 
round each micro-organism will exist a film of 
medium richer in germicide than the bulk of the 
medium. Efficient germicides will, therefore, 
lower the surface tension of the medium in 
which tlio organisms are dispersed. Tliis 
relationship is very well exemplified in the 
case of a series of rather insoluble organic 
hydroxyl compounds. Thus thymol, camphor 
and menthol exert a greater capillary activity 
than the cjresols ; the cresols than phenol ; 
phenol than resorcinol ; resorcinol than hydro- 
quinonc ; hydroquinone than phloroglucinol; 
and the latter than pyrogallol. The same order is 
found in their molar germicidal activity. 

There is also some information available with 
respect to the influence of the orientation of 
certain groupings. In the case of the nitro- 
phenols the para- position is stronger than the 
ortho-, while the converse is true of the nitro- 
benzaldehydes. 

Ionised substances do not, on the whole, 
penetrate the bacterial cell with great readiness, 
although it is established that they can be made 
to do so if they are attached to some organic 
radicle. Certain organic mercurials are much 
more germicidal than mercuric chloride for a 
given mercury content. 

In quite a number of cases it has been possible 
to connect the specific toxicity of germicides 
with a physical or chemical property, such as the 
degree of ionisation or atomic weight. In 
the case of certain isomorphous metal salts, | 
rise of atomic weight means increase of germi¬ 
cidal activity. The germicidal activity of 
mercuric chloride has been proved to depend on 
the degree of ionisation, and by throwing back 
the ionisation by the addition of a salt with a 
common ion the gerraicadal power has been 
shown to decrease. 

A theory has also been advanced that certain 
disinfectants possess specific groupings which are 
particularly reactive to the organism. Thus 
hydrazine, NHg—NHg, possesses a higher 
germicidal power than ammonia, NHg; phenyl- 
hydrazine, CgHg-NH-NHg, than aniline, 
CgHg NHg. Phenylurea, CO(NH 2 )NH CgHg, 
is antiseptic, butdiphenylurea, CO (N H-CgHglg, 
in which both amino groups are substituted, 
is inert. 

The precise manner in which the metabolism 
of the organism is brought to a standstill, during 
chemical disinfection, is unknown. It is 
commonly supposed that the diffusion of the 
germicide into the cell ends in the inactivation 
or possible precipitation of some protein sub¬ 
stance in the organism. A small, sub-lethal, 
concentration of poison within the cell would 
tend to stimulate the intensity of metabolism 
owing to the efforts of the cell to eject the 
poison. The phenomenon of growth stimulation 
by sub-lethal doses of poison is well established. 


A still larger but yet sub-lethal dose of poison 
diffused into the cell would account forthat stage 
of antisepsis where all the energies of the cell 
are devoted to dealing with the poison, leaving no 
energy for normal growth and multipli(!ation. 
Further increase in diffusion will result in 
breakdown of the general mechanism of the cell 
and death will result. 

Inorganic Disinfectants. 

Ozone.—Since ozone is decomposed by heat, 
absorbed by most metals and by many forms of 
I otherwise inert organic matter, e.g. rubber, the 
chief conditions for success and economy in pro¬ 
duction are (1) avoidance of sparking, (2) keop- 
I ing the gas and apparatus cool, (3) filtering the 
1 air from dust, (4) partially drying the air 
when it is desired to prevent formation of 
oxides of nitrogen, (5) apparatus in contact with 
ozone must be made of or lined with unoxidisable 
materials, (fi) the grosser organic impurities, as 
well as sulphuretted hydrogen and ferrous iron, 
should be remov(;d. The use of ozone on the 
large scale has now l)een established for many 
years and has latterly become much more 
popular. The principal tyi)e8 of apparatus 
w'ere described by Don (Proc. Inst. Mech. 
Eng. 1909, 7-209) and Kideal (3. li. San. 
Inst. 1909, 30, 1). Rideal found at St. 
Maur Waterworks, J^aris, that with sand- 
filtered Marne water containing bacteria 
varying from 28 to 320 per ml. with a mean 
frequency of coli organisms of 1 per 100 ml. (in 
more than one-third of the tests it was per 40 
ml.), ozone in the proportion of about 0*6 g. 
per cu. m. of water (6 lb. per million gallons) 
destroyed all bacteria except an average of 1 
per ml. of innocuous spore-bearing organisms 
of the subtilis type. The ozonised air was 
applied in a I)e Frise tower at the rate of about 
40% of the volume of the water treated and 
contained 1-4-1-8 g. ozone per cu. m., deter¬ 
mined at frequent intervals by neutral potassium 
iodide. Sciver has investigated recently a 
number of municipal and other swimming 
pools employing ozone distributed frt)m nipples 
installed at the bottom of the bath, as well as 
from the cascade, and waters of drinking quality 
were obtained in spite of heavy bathing loads. 
Sciver has also investigated an ozone apparatus 
designed to fit on a domestic tap and depending 
upon filter pump principles for drawing in the 
air. This apparatus was found capable of 
reducing a count of 400,000 B. coli communis 
per ml. to nil per ml. A marked advantage 
of ozone is that it produces no undesirable taste 
in water, but a possible criticism is that water 
does not remain bactericidal longer than 8 or 10 
minutes after treatment. In the dry state, 
like chlorine, it has very little action on micro¬ 
organisms and therefore does not act powerfully 
on bacteria suspended in air. 8 g. per cu. m. 
of air in a room ordinarily closed accomplished 
disinfection in 3 hours. Its use as an adjunct 
to ventilation or air-conditioning has often 
been proposed and has now been extensively 
tested. In high concentration ozone un¬ 
doubtedly possesses an irritant action on 
the lungs, but in low concentration it is an 
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effective deodorant, while firms employing large 
staffs credibly report a reduction in absenteeism 
resulting from common colds, following its use 
in offices. Ozone has been employed, notably in 
Germany, as an adjunct to chilling, in pre¬ 
vention of mould and yeast growths on meat, 
and for keeping down the numbers of bacteria 
in brewery air while fermentation is proceeding. 
On account of its rapid consumption by oxidis- 
able substances, it can only be effective on 
the surfaces of organic substances. 

Hydrogen Peroxide.—The first experiments j 
(Bert and Regnard, Oompt. rend. 1882, 94,1 
1383) showed that this was a bactericide 
which, in the dilute state, appeared inert 
to enzymes such as diastase, ptyalin, pepsin 
and pancreatin, did not injure foods and 
was also innocuous and not corrosive. Many 
patents were taken out for food treatment, but 
these have not been exploited. Commercial 
solutions of hydrogen peroxide usually con¬ 
tain about 3% of HgOg and may be stabilised 
so as to retain their strength for long periods. 
On contact with many surfaces, e.g. wounds, the 
HgOg decomposes with evolution of minute 
bubbles of Og, which is considered by some as a 
valuable indication of activity. Irrigation of 
wounds by HgOg causes dead tissue, which 
would be difficult to remove by other means, to 
slough off. It is capable of destroying the 
vegetative forms of anaerobes, but not their 
spores. It is said to exert great disinfectant 
power on certain spirociheetes and trypanosomes 
as well as on the virus of fowl-pox. The solutions 
have a high surface tension and hence do not 
penetrate well, and the is readily and com¬ 

pletely removed by excess ot organic matter. 

Nitric Acid and Oxides of Nitrogen.— 
Nitric acid is a powerful disinfectant, but its 
corrosive action limits its use. J. C. Smith 
used it with success in 1780 for fumigation (of a 
wooden ship) in a violent outbreak of typhus 
fever in the British Fleet (Vallin, “ Desinfec- 
tants,” 1882, p, 265). Disinfection of rooms by 
nitrogen peroxide was tried, without great 
success, during the siege of Paris, Nitric acid is 
useful for disinfection of laboratory apparatus 
badly infected with spores, and it also liquefies 
agar-agar media contained in such apparatus. 

Taylor (Lancet, 1917, i, 95, 294) tested the 
specificities of various organic and inorganic 
acids using Streptococcus pyogenes^ Staphylo¬ 
coccus aureus. Pseudomonas pyocyaneus and 
Clostridium welchii. 

Sulphur.—Sulphur and sulphur fumes have 
been employed from time immemorial for dis¬ 
infection and their use for this purpose is men¬ 
tioned in ancient literature. As an internal dis¬ 
infectant elementary sulphur is probably useless, 
although it acts as a mild cathartic and causes 
foul odours of HjS. Sulphur, either in the form 
of colloidal sulphur or flowers of sulphur, is widely 
used as an insecticide and fungicide. Under 
experimental conditions it is difficult to explain 
or demonstrate its fungicidal activity, but it may 
be due to traces of acids formed by oxidation 
(Young and Williams, Science, 1928, 67, 19, 
and Liming, Phytopath. 1933, 23, 166), to 
emission of negative electrons under the action 
of light (Muth, 1920) or to an inherent toxicity 
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(Cesare-Sempio, Mem. R. Accad. Italia, 1932, 3, 
[Biol. No. 2], 5). Zunz (1932) states that 
sulphur applied to the skin is changed to a 
form which allows it to roach the epidermal cells 
containing cystine. Phenol coefficients from 
1 to 3-6 have been reported for colloidal sulphur 
against B. typhosus and many Salmonella 
organisms. Against plant pathogens colloidal 
sulphur gave phenol coefficients extending to 
275. Kingery found colloidal sulphur in a 
1% dilution to be fungicidal to Tinea corf oris 
and Trichophyton interdigitalc in 2 minutes’ 
exposure, while a 5% dilution for the same period 
was not fungicidal to Monilia tropicalis. 

Sulphur Dioxide. —SOg was widely used in the 
past for terminal disinfection, but it is now 
recognised as possessing marked disadvan¬ 
tages. The gas in dry air has very little action 
on bacteria, but in moist air the action, proved to 
occur, is due to sulfdiurous acid. Spores are not 
readily killed by moist SOg even after pro¬ 
longed exposure, but it is effective in killing 
vermin and insects generally. Sulphur dioxide 
is still w’idel^^ used in the wine trade for treating 
must and barrels. It is corrosive and attacks 
the common metals of whi(F plant is rnadtJ. 

Sulphur dioxide is widely used as a pi^'serva- 
tive for dried fruits and pulp and for cherries 
which are subsequently to be converted to glace 
cherries. The amount of sulphur dioxide present 
in foods offered for sale is limited by law in this 
country. 1 lb. of sulphur burnt in a room of 
1,000 cu. ft. produces theoretically an air content 
of 1*15% SOg and n^quires 0*56 lb. of water to 
convert it to sulphurous acid, account being 
taken of the natural humidity of the air. Direc¬ 
tions as to the correct amount of SOg for satis¬ 
factory disinfection have varied widely owing to 
the use of different test organisms. Klein, 
Houston and Gordon (Report Med. Off. L.C.C. 
1902) found that with 3J lb. S per 1,000 cu. ft. 
in 24 hours, B. typhosus, diptherim, pyocya- 
I neus and Staph, pyog. aureus were killed, but 
not anthrax spores or B. tuberculosis in dried 
sputum. »S. Rideal’s results with liquid SO 2 
wore as follows : vSilk threads and paper strips 
infected with B. coli and Staph, pyog. aureus 
were sterilised after 24 hours’ exposure in a sealed 
room of 1,500 cu. ft. into which 20 oz. of SOg 
were passed. Suhtilis spores were not killed. 
With 10 oz. the threads were again sterilised 
but the paper strips were not. When shallow 
pans of water were exposed in the room the SO 2 
content of the air was lowered after the 24 hours 
(through absorption by the water) from 0*5% 
present in the first experiment to 0-2%, and the 
organisms were still living. Therefore moisture 
should only be supplied by washing or lightly 
spraying the surfaces. SO2 has little penetrat¬ 
ing power and therefore bedding, carpets, etc., 
must be removed and sterilised by steam. 
Fiiquid SO2 is more convenient than burning 
sulphur and avoids risk of fire. 

Sulphuric acid, like acids generally, is a power¬ 
ful disinfectant even in normal or decinormal 
solution. Stutzer found that 0-05% (which is a 
palatable strength) is fatal to Sp. cholerse in 
15 minutes, and he employed it for disinfecting 
iron pipes, cleaning out rust and sediment with¬ 
out sensibly attacking the metal. With 
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0*04% Ivanoff dcHtroyed cholera organiamR in 
Berlin sewage and with ()-08% in that from 
Potsdam. In the laboratory it was found that 
0*035% kills B. typhosus in 30 minutes and 
0*07% in 15 minutes in impure water, but 
with very heavy infections the latter strength 
requires 45 minutes. 

Sodium hisulphate was introduced by Parkes 
and S. Rideal as a means of sterilising 
drinking water for the army in the field. 15 
grains of NaHS 04 to a pint of water destroy 
B. typhosus and S. cholene in 15 minutes as 
well as parasitic worms. In eifcrvescent tablets, 
yielding a slightly acid solution, it was used 
with success in the South African, Russo- 
Japanese and Balkan Wars. 

pErsulphates act like hydrogen peroxide in 
giving nascent oxygen, wliich possesses useful 
disinfectant properties. 

Carbon disulphide^ as well as its alkaline 
derivatives, the xanthates, has been found 
useful against fungi and insect parasites such as 
the vine phylloxera. 

Boric Acid is not a disinhudant, but has con¬ 
siderable power in restraining the growth of 
bacteria in foods. Rideal and Foulerton 
found that 1 in 2,000 of a boric mixture, con¬ 
taining 3 parts of H 3 BO 3 and 1 part of crystal¬ 
lised borax, keeps milk sweet for 24 hours with¬ 
out appreciable effect on digestion. For many 
years a declared proportion of boric acid w^as 
permissible in certain foods, but the use of 
boric preservative is now totally prohibited in 
this country. Boric solutions are still widely 
used for lavage of the eyes to allay irritation. 

The Halogens, chlorine, bromine and iodine, 
act as disinfectants in several ways : (!) by 
liberation of nascent oxygen ; ( 2 ) by combining 
with organic matter or replacing a hydrogen 
atom, they precipitate albuminous matter and 
render it imputrescible. They kill organisms by 
combining with and coagulating protoplasm, or 
rendering their food unsuitable ; they act 
towards them as direct irritants or poisons, also 
producing substances which have that effect. 

Chlorine and the hypochlorites, like other 
oxidisers, are consumed by otherwise inert 
organic and inoiganio matters present, but in 
ordinary disinfection leave behind them as 
compounds which maintain germicidal power— 
the chloramines, hydrazine and the chloro- 
proteids (Rideal, J. R. San. Inst. 1910, 31, 2). 
This paper shows that in dilute solution of 
hypochlorites the Rideal-Walker coefficient of 
2*18 for 1 % of available Cl is increased to 
6*36 by the addition of an equivalent of 
ammonia, remains near this level for 24 hours, 
and even after 72 hours has an enhanced value. 
Therefore, since the coefficient of chlorine itself 
averages 220 units, that of ammonia less than 
0*7 and ammonium chloride nil, that of the chief 
product, chloramine, NHgCI, must be over 
600 units ; hence this substance, but for its 
instability, would probably be the most valuable 
of disinfectants. It has a pungent odour, 
hitherto often mistaken for chlorine or hypo- 
chlorous acid, and gives the blue reaction with KI 
and starch. With excess of ammonia, as in 
sewages, it gradually disappears, forming a 
salt of hydrazine, which still has a germicidal 


value (R.-W. coefficient of the base at least 24). 
The action of chlorine on nitrogenous basic sub¬ 
stances may give the corresponding chloramines, 
many of which are insoluble ; they have a 
tendency to become fixed on cellulose, and in 
this way attack the envelopes of organisms.^ 

Various substituted chloramines have been 
introduced by H. D. Dakin for use as sterilisers 
and disinfectants. Amongst the more important 
may bo mentioned chloramine-T (sodium p- 
toluene-sulphonchloramide), dichloramine-T and 
p-sulphondichloramidobenzoic acid (J. Amer. 
Med. Assoc. 1917, 27). The last under the title 
Ilalazone has been used for water sterilisation on 
a small scale (Brit. Mod. J. 1917, i, 682). 

The addition of aqueous ammonia to bleach¬ 
ing powder solutions preparatory to the sterilisa¬ 
tion of water has effected a considerable 
ccomuny in the (quantity of materials used in the 
public water supply at Toronto, Canada, as the 
chloramine thus formed is about five times as 
strong as the corresponding molecular concen¬ 
trations of sodium hypochlorite. 

The bromamincs of the benzene series, the 
naphthalene chloramines and the protein 
chloramines are all strong germicides, but 
suffer from lack of stability in solution. 

Chloride of lime, or “ calx chlorinata ” (about 
33% available chlorine), has some advantages 
from being a solid, but is quickly deliquesced 
and decomposed by air, takes some time to 
dissolve and gives a quantity of insoluble waste. 
Klein found that 1% of bleaching pow^der only 
killed less resistant organisms in 24 hours. 
There is, in many respects, a preference for solu¬ 
tions of hypochlorite : chlorinated soda or “ Eau 
de Labarraque ” (often called “ Eau do Javel,” 
which was originally the potassium salt) con- 
tair»s about 2*5% av. Cl; Ckloros, 10% av. 
Cl ; Voxsnn, used ff)r swimming l)aths, contains 
13-14% Hv, Cl ; Voxsan for breweries (contains 
alkali and 13-14% av. CI. Electrolytic prepara¬ 
tions arc Oxyrhlonde. up to 11*5% av. Cl, and 
Hermile fluid, used successfully at Poplar. 
In the latter solution magnesia is employed 
as an atljunct in the electrolysis ; it contains 
free hypochlorous a(ud; av. Cl 4*2-4*8%. 
The effective strength for local disinfection is 
0-35% av. Cl, which kills non-sporing organisms 
in 5-10 minutes, and anthrax and enieritidis 
spores in TJ hours. Chloride of lime has the 
objection that it leaves the surface for a long 
time damp from the presence of calcium chloride. 
The same salt imparts its bitter taste, and 
increases the hardness, when chloride of 
lime is applied to the purification of drinking 
w^ater, while the soda preparations tend to 
soften the water and are not perceptible in the 
flavour. In trials at Guildford in 1904 (J. R. 
San. Inst. 1905, 26, 891) with electrolytic 
hypochlorite in the proportion of 0*75 to 1*0 
part per million of av. Cl, S. Rideal found that 
water containing an average of 90 organisms 
per o.c. was practically sterilised, while after 
standing IJ hours the odour and taste were 
normal, and there was no need for further treat¬ 
ment. Candy’s patent (B.P. 4212,1909) removes 
excess of av. Cl by filtration through coke, 

^ See alto Cross, Sevan and Bacon, J.C.8. 1910, 
97, 2404. 
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Thresh’s (B.P. 3023, 1909) by treatment with 
metaUio iron. Other methods of removal were 
suggested : ( 1 ) by the addition of ferrous 

salts, subsequently removing the ferric salt 
formed by a “ Permutit ” filter ; (2) by the 
addition of gaseous sulphur dioxide ; (3) by 
the addition of sodium bisulphite. After the 
Maidstone typhoid epidemic of 1897, the infected 
reservoir, mains and pipes were sterilised with 

1 % solution of chloride of lime during 48 hours : 
no corrosion of the iron was observed. During a 
similar outbreak at Lincoln, in 1905, the water 
supply was sterilised b}^ sodium hypochlorite 
(av. Cl 1 per million) with most satisfactory 
results. Jn 1910 Toronto treated its water 
supply with 0-14 part per million of av. Cl as 
chloride of lime. Since June, 1909, Chloros 
has been applied in the proportion of 1 to 

2 parts av. Cl per million to 100,000 gallons daily 
of the drinking water of a town in the north of 
England ; the liquid is made practically sterile, 
B, coll is absent from 75 to 85 c.e., and there is 
no effect on the taste. At Cambridge, in 1910, 
a portion of the su])ply (Low (‘r Chalk) was treated 
with 1 in 4-8 millions of av. Cl as chloride of 
lime, and Houston found that this minute quan¬ 
tity destroyed 06-98% of the bacteria, and B. 
colly which was always present belbre, was after¬ 
wards absent in 500 e.c. This water, however, 
contained hardly any organic matter. In 
America, treatment of the entire water supply of | 
Jersey City (about 40 million gallons per day, 
from the Kockaway river) with chloride of lime 
has been adopted since the beginning of 1909. 
The proportion used is now 0-2 i)art per ir)il]ion 
av. Cl, and the daily examination show's that 
B, coli is absent from 10 c.e. of the treated water. 
In England the “ J)e-Chlor ” system was applied 
at Heading to the preiiltered river water in 
1910. Since the war (1914-18) chlorine treat¬ 
ment has been adopted for the London supply 
(11th Annual Report, M.W.B.). 

The sterilisation of water by means of gaseous 
chlorine injected through a suitable dosing 
apparatus has been considerably extended 
owing to the convenienc'C of handling and trans¬ 
porting liquid chlorine contained in steel 
cylinders of 100 lb. capacity {v. Ciii.orine, 
Vol. HI, pp. 38, 39). Injection into the water 
may be direct through a diffuser, as in the 
Wallace and Tieman apparatus, or indirect 
through the addition of a minor volume of more 
concentrated chlorine water to the bulk volume, 
as in the electro-bleach and Patterson plants. 
NH 3 does not seem to enhance tlie germicidal 
value in the absence of lime or soda. 

With sewage, of course, a larger dose is 
required, and the first experiments at Nice, 
Brest and Worthing, in 1894, with the Hermile 
fluid showed that, as with ozone and other 
disinfectants, the agent should be applied, not to 
a raw liquid (except in special cases), but as a 
“ finisher ” to one that was partially purified. 
In 1898, using an electrolytic brine (Woolf’s 
“ Electrozone ”) for purifying an effluent at 
Maidenhead, S. Rideal found that wdth 3 
parts per million of av. Cl, and a contact of 
6 minutes, the bacteria were reduced to 10 per 
60 C.C., and that 17 parts per million killed all 
the organisms in 15 minutes. His long series of 


trials aFTrllwnord commenced in 1904, using 
“ Oxychloride,” proved that with 2*5 parts 
per million of av. Cl, tertiary effluents could 
be practically sterilised, but that the raw 
sewage and septic effluents required 30- 
70 parts ; the contact period was 4J hours 
(J. R. San. Inst. 1905, 26, 378). The oxygen 
consumed from permanganate in 5 minutes in 
the cold, as measuring the HgS and other 
easily oxidisable substances, w'as a guide to the 
amount of the agent used, and in the earlier 
experiments it was found that when the av. Cl 
added was 1-7 times this figure, the availability 
of the chlorine was sufficaently prolonged to 
ensure the desired sterilising effect, and the sub¬ 
sequent experiments frequently yielded excellent 
results w'^ith «n amount equal to this oxygen 
figure, that is, 1 to 1 (seCy further, Rideal, 
Trans. I araday Soc. 1909,4, 179). An important 
point shown w'as that the necessary factor of 
safety could be ascertained by simply testing 
with KI and starch, and notitang the persistence 
after 44 hours of the blue colour, due in this 
case, as has becin mentioned, not to chloramines. 
»Schumacher (1905), at Hamburg, found that 
with raw' sewages sufficient sterilisation is 
attained if after 4 or 6 hours the test shows a 
reaction (^qual to 19 and 17 parts per million 
of av. Cl resj)ectively. Investigations on 
sewage filter effluents with chloride of lime 
were continuetl in America by Phelps and 
Carpenter (U. 8 . Tei-hnological Quarterly, Dec. 
1906), who remark that the use of electrolytic 
chlorine manufactured on the spot w'OuUl, in 
the larger worlvs, considerably reduce the cost, 
and be cheaper than sand filtration. Kellerman, 
Pratt and Kimberley (II.S. Dept, of Agri< 5 . 
Bull. 115, Oct. 1907) conclude that a hypo¬ 
chlorite disinfection costs less than one with 
copper sulphate. Later American exj)eriments 
at several centres have proved that 2-5 parts 
per million of av. Cl destroy 95-98% of the 
bacteria in 2 hours, and that 3 parts are sufficient 
for the trickling filter effluents examined (Mass. 
Inst. Technol. 1909, 5 ; 1910, 6 ). 

The Royal Commission on Sewage obtained 
results at Guildford which wore in agreement 
with those of S. Rideal (Appendix IV, 1910, 87 ; 
also ibid. 84-171, and Rep. 1908, 195-201). 

Sodium hypochlorite is the best substance for 
keeping down algae and fungi which adhere to 
rough surfaces of swimming baths, it may be 
applied by a syringe know n as “ Little Algy ” 
{see also Rideal and Orchard, J. R. San. Inst. 
1906, 556). 

” Eerrochlore ” (Duyk) is the name of a 
treatment with 8 parts per million of ferric 
chloride and 0*5 part of chloride of lime, which 
at the same time clarifies water and liberates 
hypochlorous acid.^ 

Hypochlorous acid has been employed as an 
antiseptic for wounds by Dakin, Daufresne and 
Lorraine Smith, and is also known as Eupad 
and Eusol. In these solutions hypochlorous 
acid is obtained by double decomposition of 
bleaching powder with sodium carbonate, with 
the addition of boric acid or sodium bicarbonate. 

^ For au account of trials at Marseilles of ozone, 
chlorine and ultra-violet rays, see Engineering, 
Jan. 27th and Feb. 3rd, 1911. 
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The presence of sodium borate or sodium car¬ 
bonate in the resulting solutions when freed 
from the precipitated calcium carbonate 
ensures the stability of tin? solution owing to the 
“ buffer ” action of the easily hydrolysable salt. 

Chlorine peroxide, obtained from ]>ota88ium 
chlorate and siilphuric acid, has been successfully 
employed in the Howatson-Uerge process at 
Brussels, Cstend and T>>ctoure (South France), 
for sterilising (previously clarified) polluted 
waters. S. Rideal found that 20 parts of CIO 2 
per million did not kill /i. typhosus in a vigorous 
pure culture in 2 hours, but that 50 parts killed 
it in half an liour {see also Reychlcr, Bull. iSoc. 
chiin, 1901, [ iii], 25, 605; Chem. News, 1901,316). 

t)n a large sc^ah', chlorine and ozone are both 
at pn^si>nt used siu'cessfully for sterilising water. 
The latt(?r st^ems pieferable for drinking 8ui)plies, 
the former is suitable for effluents. For 
reasons of cfflcicncy as well as cost, both require 
that the liqviid should be previously clarified 
and as free from organic matter as possible, 
that is, they are finishers. 

Time, as in all disinfections, is an important 
factor ; in an effort to get the work done 
quickly, it is sometimes forgotten that a longer 
time is advantageous, and economises the 
reagent. For rapid sterihsation of a small 
quantity, as in the field, a larger proportion 
of reagent is required, and for reasons of 
portability bromine and iodine have been used 
instead of chlorine, but are attended by residual 
products having a taste and physiological 
effe(jt. These, in the (piantity obtained when 
dealing with the moderate pollution ordinarily 
met with, have been proved to be negligible, 
although, with heavier contamination, the 
amount of the halogen consumed by the organic 
matter before a sterilising ex(?ess is present 
may become injurious in its products. Cash 
showed that the quantities of chlorine, bromine 
and iodine required for disinfection of anthrax 
and tubercle were nearly in the ratio of their 
atomic weights. 

Bromine is a powerful disinfectant, but its 
use is obviously limited by its danger. In 
1897 Altraann patented a solution of Br in 
KBr for sterilising water, using 40 parts per 
million of Br with 5 minutes’ contact, and re¬ 
moving 0 X 0088 by ammonia. The solution is, 
however, bulky, and the use of a potassium salt 
has disadvantages. Braithwaite introduced 
Bromidine, a dry mixture of sodium or 
potassium bromide and bromato with sodium 
bisulphate, which with moisture liberates 
bromine. Schuinburg recommended free brom- 
ine in thin sealed tubes for the same purpose 
(Z. Hyg. 1900, 33, 53) in the proportion of 
60 parts per million with 5 minutes’ contact, 
removing excess by thiosulphate (Braithwaite 
advised 57 parts). Schroder {ibid. 1904, 37, 306) 
and others have stated that this treatment is 
insufficient to sterilise, and the presence of 
residual bromides is against the process {see also 
Parkes and Rideal, Trans. Epidera. Soc. 1901, 
[ii], 20, 33 ; Fraser, Publ. Health, 1902,14, 709). 
It was tried in the Soudan campaign of 1898. 
20 parts per million of Br sterilise typhosus (in 
water) in less than half an hour. It is more 
rapidly absorbed by organic matter than iodine. 


Iodine .—The germicidal action of iodine was 
first reported by Davaine in 1873, although it 
had been used many years before this, and 
mention is made even in early literature of its 
use in goitrous conditions. Iodine is chiefly 
used as the tinctjjre, now" known as Liquor lodi 
(British Pharmiu^opopia, 1932), and containing 
2-5% of iodine. A strong tincture, also called 
Liniment of Iodine, and Liquor lodi Fort., 
contains 10% of iodine. The 11.8. tincture con¬ 
tains 7% of iodine. 

Iodine is unusually uniform in its lethal action 
I on many kinds of bacteria (Louis Gerslienfeld 
and Ruth Miller, J. Amer. I^harni. Ahho(!. 1932, 
21, 894). They found the phenol coefficients to 
be much the same, both at 37" and 20"C., whether 
B. typhosus or Staph, aureus were used. 

While iodine is by no means ideal as a skin 
disinfectant, it is })robably as efli(dent as any 
known substance. It possesses irritant ])ro- 
perties and no doubt its repeated use would 
lower the natural resistance of the skin to 
bacterial uivasion. Simmons made a careful 
study of iodine as a skin disinfectant, using 
shaved areas on the skins of rabbits previously 
heavily infected with the test organisms (8urg. 
Gyn. and Obst. 1933, 56, 55). It is doubtful 
whoiber this can be accurately related to 
conditions with the human skin. Not all 
observers, however, agree that iodine is safe or 
reliable under all conditions as a skin dis- 
infectant (Robb, ibid. 1913, 7, 324). 

Organic Compounds containing Halo¬ 
gens as a class inhibit organisrtjs and may 
sometimes kill them. The germicidal pow(?r of a 
large number of these has been determined by 
Bechhold (Z. Hyg. 1909, 63, 113) ; ho finds that a 
Br atom gives a greater power than a sulphonic 
group. Chloroform is often used to preserve 
perishable specimens and infusions. 

Iodoform still finds employment in medical 
practice for treatment of wounds, but it is 
doubtful if it has any real value. It is capable 
of giving traces of iodine for long periods in 
contact with the tissues. 

The organic iodo- compounds owe most if 
not all their germicidal power to the gradual 
liberation of iodine by the alkaline wound 
secretions. Iodoform itself gives rise to symp¬ 
toms of poisoning owing to the too rapid 
evolution of iodine. Among the more important 
organic compounds yielding iodine derivatives 
or themselves containing iodine may be men¬ 
tioned hexamethylenetetramine compounds, 
chrysoform, iodoformin, phenol and homologous 
compounds, aristol, iodothymoloform, europhen, 
traumatol, isophen, iodoanisol and iodocrol; 
iodised albumen, tannin, gelatin, casein, gluten, 
peptone, lecithin and various oils have also 
been protected under proprietary names. 

Fluorides, like boric acid, check bacteria, but 
do not kill them. As food preservatives, they 
are only moderately efficient, and are not 
innocent physiologically, as they hinder pan¬ 
creatic digestion. Sodium silicofluoride 
{salufer) and borofluoride {pyricit) have been 
tried. Effront introduced the use of hydro¬ 
fluoric acid and its acid salts for checking 
injurious fermentation, and J. Brand (Z. ges. 
Brauw. 1904, 27, 115) states that 0*5-1% 
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solution of acid ammonium fluoride is largely and citric at least three times the amount of 
used for disinfecting rubber hose in breweries ac’idity was required (Trans. Epidem. Soc. 
(see aZ^oHehner, Analyst, 1902, 173 ; Richmond, 1901, ii, 20, 33). But like other disinfectants, 
Dep. Comm, on Preservatives, Appendix the activity of dilute acid solutions is con- 
XXXII; Thresh and Porter, “ Preservatives,” siderably modified by the presence of added 
1900, 87). Hydrofluosilicic acid is the active matters,* for instance, in 1% peptone broth, 
constituent of Montanin (obtained from bj^- Sj). cJholerse is killed by 0 01% hydrochloric acid 
products in the pottery industries) and Keramyl in half an hour, but in 2% peptone broth, 0*04% 
(about 25% HgSiFg) (J.S.C.l. 1904, 34; 1909, HCI is required. 

904). Frank (G.P. 224192) recommended the Paul et al. (Pharm. J. 1900, 65, 339, 303) 
use of aluminium silicofluoride for water conclude that the germicidal activity of acids 
sterilisation. NaF was stated to have no generally depends upon the degree of ionisation 
injurious action on health (Ferret, Public in solution, exceptions being HF, HNO3 
Health, 1898, 11 , 60). Fluorides are effective and trichloracetic; these exercise specific toxic 
in chocking mould growths, but Field and Field influences and in normal solutions killed 
(Proc. 80C. Exp. Biol. Med. 1932, 29, 935) find anthrax spores exposed on garnets in 24 hours, 
them relatively ineffective in inhibiting Laclo- while HgSO^, HCI, HBr and HCIO 3 were 
haclerium case.i. less active. Working with more dilute acid 

Carbonic Acid possesses a certain amount of solutions, Winslow and LochnMge (J. Infect, 
disinfectant properties, since ” aerated ” bover- Dis. ]9(K), 3, 547) have compared the effect 
ages have been shown to be sterili 8 «‘d in some on B. coli and iyphosi/,9 in tap water and in 


cases, probably due to thevalue, which is about 
Ph 3. Certain proportions of COg iu the air of 
holds of food ships have been proved to inhibit 
mould growth and enzyme action, and this 
principle is now widely ap}>lied. The influence 
of CO 2 on bacteria was studied by Valley and 
Kettger (J. Bact. 1927, 14, 101 ), who found 
marked differences. They found Proie.ns vul¬ 
garis, B. diphihariiv, B. abortus, B. jmlloruni, 
B. gnUinaruni, pneinnococcus and B. typhosus 
were readily inhibited. These results are of 
considerable importance because carbonated 
drinks, in the experience of the writer, are 
frequently manufa(d/ured under grossly unhygi¬ 
enic conditions. The use of COg as a preserva¬ 
tive for milk and icc-cTeam was investigated by 
Prucha, Brannon and Ambrose (('ire. No. 256 
of Univ. of Illinois Agr. Coll. 1922). Used under 
pressure CO 2 was found to be useful in delaying 
the souring of milk, but witli ice-cream, where 
pressure could not be used, it had j)ractically no 
influence upon the bacterial count. This is of 
interest alsf) in connection with the storage of 
ice-cream with COg snow. Coyne (Proc. Roy. 
Soc. 1933, B, 113, 196) studied the effect of CO 2 
on the preservation of fish. 

Cyanogen and hydrocyanic acid are 
more destructive to higher forms of life than 
to bacteria, and their use for the fumigation of 
rat-infested ships whilst fatal to the rats does 
not kill their bacteria. Fumigation of green¬ 
houses with HCN is effective for dealing 
wdth certain forms of insect pests, but the 
writer has proved that bacteria are not killed 
under such conditions. 

Acids.—An acid medium is unfavourable to 
the growth of most bacteria, and acids generally 
possess considerable disinfectant power. Kita- 
sato found that the growth of B. typhosus 
in nutrient broth or gelatin was entirely pre¬ 
vented by the following percentages of different 
acids: 0*08 HgSO.; 0*2 HCI or HNO3; 
0*28 SOg; 0*3~0*4 pnosphoric, acetic, carbolic, 
formic, oxalic or lactic ; 0*476 tartaric, citric 
and malic; 1*66 tannic; and 2*7 boric. S. Rideal 
has shown that in infected waters 0*035% of 
H 2 SO 4 kills typhosus in 30 minutes, that in 
terms of acidity, nitric and hydrochloric acids 
were slightly more active, and that with tartaric 


a 1% peptone water. With upw^ards of 10,000 
organisms per c.c., sterilisation was obtained 
by the following percentages of each acid after 
40 minutes’ contact: 

B. tuphosns. B. coli. 

1 % 1 % 
tap peptone tap peptone 
wafer water water w*ater 

Hydrochloric acid . 0*018 0*174 0*045 0*368 

Sulphuric acid . . 0*022 0*188 0*081 0*530 

Acetic acid ... — — 0*561 0*836 

Benzoic acid . . 0*069 0*292 0 242 0*555 

In agreement wu'th the r(\sults of other 
workers, larger amounts of (;a(‘h acid are 
required to disinfect in the presemie of pe])tone ; 
w'ith the organic ac ids, benzoici and acetic!, this 
diminished activity is not so pronounced. 
Winslow and Lochridge timi that the dis- 
infeefant power of thi! acids is not pro]X)rtional 
to their strength in terms of normality, but, in 
the (*ase of the mineral acacls, hydroc;hloric5 and 
sulphuric, to the degree of ionisation of the 
solution, 99-100% reduction of B. coli or 
typhosus being efi'ected with either acid at the 
same concentration of hydrogen ions. The 
evidenc*e tends to show that the alteration 
in ionisation in a dilute acid solution brought 
about by the presence of otherwise inert sub¬ 
stances in solution, as, for example, neutral 
salts of the acid, accounts for the variation in 
germicidal ac;tivity. In practical disinfectioUj 
the subject is often rendered still more com{)iex 
by a further interference—fht! absorptive 
effect on solids in suspension. Therefore the 
acidity, as found by titration, does not give the 
germicidal value of an acid solution unless these 
disturbing factors are considered. 

Wolf and Harris (Biochom. J. 1917, 11, 213) 
showed that if it were possible to treat a 
wound with a solution of p^ 4*5 for some 
time, the activity of B. welchii would cease. 
Dozier (J. Infect. Dis. 1924, 35, 156) showed 
that spores of B. hoiulinus were destroyed by 
exposure to 10% HCI for 1 hour at room 
temperature. 

Metallic Derivatives.—^Warm alkaline lyes 
are the most ancient of disinfectants : potassium 
and sodium hydroxides are sterilisers in r 
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concentration of not less than 2-5%. their 
carbonates in 5-10%. At 60° a contact of 5 
minutes ensures the death of moat organisms 
(Simon, Z. Hyg. 1903, 43, 349), hence ordinary 
soaps have a slight disinfectant value. Strong 
brine is preser\'ative, but not disinfectant, 
and the practice, formerly frequent, of washing 
out milk cans and other utensils with it is not a 
safe one. Lode shows (Chem, Zentr. 1902. I, 
1122) that 50% salt solution does not kill the 
spores of common moulds. 

Lime, as quicklime, is fatal to bacteria when 
it coiiK^s in contact uith them in an almost dry 
condition, and has been mu(;h used where there 
is a considerable space and bulk of material to 
be dealt with. It is not safe, however, to trust 
entirely to the old method of burying infected 
bodies in lime, as, on disinterring, the live spores 
may again be diffused, unless a long period has 
elapsed. The disinfecting power of milk of lime 
and wliitewash has been much overrated ; as 
to milk of lime, Liborius stated (Z. llyg. 1887, 2, 
15) that in the proportion of 74 parts per million 
of CaO, it destroyed B. typhosus, and that 246 
parts per million were required for cholera 
organisms, while 2% of dry lime ^\ as needed ff)r 
cholera discharges—with in each case “ a few 
hours’ ” contact. When lime is added to .sewage 
a great number of bacteria are ciarried down, but 
are not killed, and the supernatant liquid is not 
sterilised. A. Houston (7th and 8th Reqmrts of 
the Metropolitan Water Board, 1911 and 1912) 
found that 04)2% of quicklime effectively 
destroyed B, coli in raw Thames water in from 
5 to 24 hours. Zinc chloride, “ Burnett’s fluid,” 
formerly in high repute as a disinfectant, is not 
reliable in its effect, and ranks below copper 
sulphate and mercuric chloride. The sulphate 
has still less energy (R.-W. coeff. 0-09). 

Alvminium, chloride, chloralurn, was classed 
by Micjuol between zinc (hloride and copper 
sulphate. Iron salts, especially ferrous sulphate, 
wore at one time in vogue for sanitation, but are 
ineffective. 

Permanganates and manga nates were first 
introduced as Condy’s red and green fluids. 
Like oxidisers generally, they are largely con¬ 
sumed by otherwise inert matters before attack¬ 
ing organisms, and as complete di8infe(4ion can¬ 
not be ensured unless an excess of reagent 
remains, evidenced by a pink colour, which is not 
always easily visible owing to the brown oxide 
of manganese produced, their use may be very 
costly and its execution frequently imperfect. 
S. Kideal carried out experiments in street¬ 
watering of two similar areas of ordinary soiled 
asphalt roadway : (a) with water alone ; 

(h) with permanganate solution 1 in 5,000 
(six times the amount then customary), and 
examined the liquid from the surface. The 
permanganate was almost immediately decolor¬ 
ised. Sample (6) was nearly inodorous, on 
keeping became much less foul than (a), and the 
reduction in the number of organisms was 96%, 
but the survivors included a large proportion of 
the dangerous forms (Kideal’s “Sewage,” 1906, 
p. 117). For polluted water Rosenau recom¬ 
mends adding permanganate drop by drop until 
the pink colour persists for 24 hours. “ Pinking ” 
of wells was many years ago adopted by Hankin 


in India as a precaution against cholera. Per¬ 
manganates, used in various ways, are still being 
patented, chiefly for water purification. 

Chromic acid, although a powerful oxidiser 
and instantly coagulating albumen, is excluded 
by its cost and poisonous and corrosive nature 
from the list of useful disinfectants or of 
preservatives. 

Arsenic, like cyanogen, has more effect on 
higher than on lower forms of life, and is the 
basis of valuable insecticides, such a.s the sheep- 
tli}) solutions of arsonious oxide or sulphide in 
.soda, frequently associated with tar products 
and nicotine {see C^iemist and Druggist, 1904, 
64, 931; Rep. Dept. Comm. B. of Agric., 
leading to the Sh(?ep-Dip Act of 1903; and 
Quibell, J.8.C.I. 1907, 1266). The (npper com¬ 
pounds, “ Paris green ” (aceto-arsenitc) and 
others, are used for spraying or dusting trees, 
combining the actions of arsenic and copper. 
KScveral organic arsenic compourids have been 
introdiice'd as medicinal parasiticides {see 
Lancet, Brit. Med. J., etc., 1910 and onwards). 

Arsenicals and similar organic metallic com¬ 
pounds are frequently selectively germicidal. 
Salvarsan, 3:3'-diamino-4:4'-dihydroxyarseno- 
benzene hydrochloride, has a strong antiseptic 
action in anthrax, erysipelas and glanders, as 
well as syphilis. The selective^ action is more 
pronounced in serum (Schiemann and Ishiwari, 
Z. Hyg. 1914, 77, 49). 

Among other important arsenicals may be 
mentioned: 

Cacodylic acid and its salts. 

Arrhenal (sodium methylarsonate). 

Atoxyl, soamin (sodium 7 >-aminophenyl- 
arsonate). 

xLsyphil (mcrcuiy p-aminophenylarsonate). 

Arsacetin (sodium acetyl-p-aminophcnyl- 
arsonate). 

Neo.salvar.san (sodium 3:3'-diamino-4:4'-di- 
hydroxyarsenobenzene -N - me1 hylcnesulph- 
oxylat(d {see also Aiisenic:ai..s, Organic). 

Arkin ami Cooper (J. Infect. Dis. 1916,18, 335) 
inve.stigated the tuberculocidal value of various 
arsenical compounds, finding that 0*1% 
NaAsOg and 0-2% sodium cacodylate had no 
I eft’ect upon B. tnbercnlosis even with 24 hours’ 
exposure, nor were 1% atoxyl, arsacetin or 
neosalvarsan active under the same conditions. 

Action of Metals.—The Swiss botanist, 
Nageli, in 1893, showed that water became 
definitely germicidal on contact with bright 
metal surfaces. Thus water distilled from 
metal stills should bo avoided in fine bacterio¬ 
logical work. It is now recognised that metal 
ions produce this effect, which is known as 
oligodynamic action. Old Hindoo writings 
direct that water should be kept in copper vessels. 

This oligodynamic property was adopted 
commercially some years ago in the ” Catadyn ” 
process, where silver was deposited on special 
porous porcelain beads. Provided the water to 
be treated was reasonably free from suspended 
matter, spectacular reduction of bacterial count 
was obtained after immersion of the beads for a 
few hours in infected water. It was found 
impossible to prevent the coating of the beads 
with algee, the growth of which in time, on the 
beads, rendered the process ineffective. The 
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amount of silver involved was very small—the 
writer finding the following results : 

Contact period. Silver in g./litre. 

140 sec. 0 000033 

16 sec. 0 000020 

10 sec. 0*000020 

when 8 litres of water were allow ed to run into a 
catadyn funnel with heads (*ontaining 24 g. 
Ag/litre of beads. Tlu' temperature of the w^ater 
was 05“F. 

In 1904 the U.S. Dept, of Agriculture (Plant 
Ind. Bull. 04) n‘ported that 1 sq. cm. of bright 
copper per 100 c.c. of water extei'ininated 
Uroglena and Spirogyra, and Kraemer showed 
that the same treatment destroyed coli and 
ty])hoid bacilli in 4 hours, whilst colloidal 

copper was quickly fatal to these organisms. 
For household purification, he commended the 
use of 8trij)B of copper, about 3| sq. in. to each 
quart (2 sq. cm. to 100 (;.c.), immersed in 
the water for 0-8 hours. In a similar wny, 
Rideal and Baines (,I. San. Inst. 1904, 594) 
obtained sterilisation o\ iyj^hosvs, roJi, and i^laph. 
py. anrevs in less than 24 hours. Ba.ssett 
8mith (J. Prev. Med. »July, 1904) found that in 
a bright copper vessel 71. typhosus tvas still 
living at 12 hours, but was dead at 24, and that 
of ordinary water organisms, 1,020 per c.c. at 
first, only 8 per c.c, (none of them liquefying) 
were left after 24 hours. He concluded that 
while clean iron and zin(' were nearly equal to 
cop[)er, they soon lost their power owing to 
o.xidation. 

Copper salts have a distinctly poisonous action 
on lower organisms, and are now used in many 
places to retard alg,*?) development early in their 
seasonal growth in water reservoirs and swim¬ 
ming baths. Kroncke considered cuprous chlor¬ 
ide to be the most acti\'c of the salts ; he treated 
Elbe water, containing 40,000-50,000 organ¬ 
isms per c'.c., with 50 parts per million of 
CU 2 CI 2 and 20 parts of ferrous sulphate, allowed 
6 hours’ contact, then agitated with 10 parts of 
lime. After settling and filtration through sand, 
the water was sterilised, clear and colourless, 
and free from iron and copper. Schumburg 
(Chem. Zentr. 1900, II, 203) corroborated the 
sterility at the end of 6 hours. The efficiency 
of soluble cupric salts is generally dependent on 
their percentage of copper (Green, Z. Hyg. 1893, 
13 , 495 ; Rideal and Baines, /.c.), but the 
sulphate is commonly used as most convenient. 
For disinfecting sewage effluents (and inferen- 
tially for reservoirs) American investigations 
conclude that copper sulphate “ is not so 
efficient as chlorine compounds, is more seriously 
affected by carbonates and is much more 
expensive ” (U.S. Gcol. Survey, Water Supply, 
1909, Paper 229, 32; Plant Ind. BuU. U.S. 
Dept, of Agric. No. 100, 1907). It is now recog¬ 
nised that, in practice, copper salts have no 
value as germicides. Vignati and Schnabel 
(Zentr. Bakt. 1928, I, 109 , 464) showed that 
copper salts isolated bacteria from their en¬ 
vironment by coagulating the bacterial colloids. 
This was shown to be a reversible reaction, so 
that copper-treated bacteria, if taken into the 
body, might well revive. 

Disinfection of excreta and morbid products, 


even with considerable quantities of copper salts 
{e.g. 5-10% of the sulphate), is not reliable. 

Mercury. —Mercuric chloride, corrosive sub’ 
limate, has long been recognised as one of the 
most powerful disinfectants, and a 1 per 1,(K)0 
solution was the earliest standard for com¬ 
parisons. Apart from cost, points limiting its 
utility to special purposes are : (1) its poisonous 
effecit on higher animals and plants ; (2) its 
preci})itation by so large a number of substances, 
.such as hard water, alkalis and inimerous salts, 
metals, sulphides and many organic bodies, 
causing its action to be liable to great variations 
and inconveniences. It will often form a 
pellicle over organisms without killing them, and 
it is inapplicable to the disinfection of sputum, 
excreta and the like, owing to the production of 
a coagulum which prevents further penetration. 
Sodium or ammonium chloride is sometimes 
added to increase the stability of the aqueous 
solution, but considerably diminishes the 
germicidal power. The following formula is 
recommended for disinfecting purposes : HgCl 2 » 
^ oz. : HCI, 1 fluid oz. ; Aniline Blue, 5 grains 
(a colouring for safetv) ; \vater, 3 gallons (I 
HgCU in 962 H^O). 

(Uiick and Martin (.1. Hygiene, 1908, 8 , 654) 
observe that metallic salts rank highest as 
germicides for spores ; witii morciiric chloride, 
the reduction of efflciency caused by blood serum 
is much greater than with phenol. 

Kronig and Paul in 1897 showed that mercury 
salts followed a general rule that the germicidal 
power depends on the inetallic ion, and is in 
proj)ortion to the degree of ionisation, so that a 
1 in 500 solution of HgClg is much less than 
twice as active as 1 in ],()()0 ; moreover, the 
chloride is more active (in ecjuivalent solutions) 
than the bromide, and four times more ac.tivo 
than the cyanide, which is almost non-ionised. 
Mercuric iodide, dissolved in potassium iodide, 
is a powerful disinfectant, and is less affected by 
albuminoids and loss irritant than the chloride, 
and is incorporated in a disinfectant soap. Mer¬ 
cury and zinc cyanide, Listens salty has the 
disadvantage of being of variable composition. 
A great number of organic mercurial com¬ 
pounds, introduced into medicine and surgery, 
trace their main eflfect to an antiseptic or 
germicidal action. iSublamine, mercuric-ethy- 
lenediarnine sulphate (43% Hg), is easily 
soluble in water, is much less irritant than 
mercuric chloride, docs not coagulate albuminous 
solutions nor precipitate soap and is a valuable 
hand-disinfectant. Frofectyl contains about 
96% water, 1% salicylic acid, 0*2% mercury 
and about 3% gelatin. 

Sodium o-hydroxymercuribenzoate was care¬ 
fully investigated as a disinfectant by Schrauth 
and Schoeller (Z. Hyg. 1911,70, 24 ) 1916,82, 
279). They found that the germicidal powers 
could be enhanced by the introduction of halo¬ 
gens, methyl, methoxyl or a second hydroxy- 
mercuri group into the nucleus, whilst a corre¬ 
sponding depression was caused by sulphonation 
or the introduction of an amino grouping. 
Sodium 2 - nitro - 4 - hydroxymercuriphenoxide, 
mercuropheriy is said to have a carbolic acid co¬ 
efficient by the R.-W. method of over 10,000, to 
be less toxic than mercuric chloride and to exert 
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less than one-quarter of the precipitating power 
which this salt has on blood serum (S. Scham- 
borg, J. Amer. Med. Assoc. 1917, 68 , 734). 
Much attention has been paid recently to phenyl 
mercury nitrate, for which the writer found a 
R.-W, coefficient of 100, and methyl mercury 
nitrate, for which he found a R.-W. value of 57. 

Silver nitrate stands next to mercuric chloride 
in germicidal power, and has similar limitations 
in its use, with the additional one of being 
precipitated by chlorides. S. Rideal found 
that 1 in 1,000 killed R. coli and S. py. aureus 
in 24 hours, but a small quantity of chloritle or 
organic matter prevented the effect. Among 
other silver salts are the citrate, itrol, recom¬ 
mended as a non-irritant antiseptic dusting for 
wounds (Pliarm. Zentr. 1897, 38, 400); actoL 
the lactate, for antiseptic injections; lachioU 
silver fluoride, easily soluble, and a powerful non¬ 
toxic bacitericido specially useful for the urinary 
tract (1 in 1,000 to 1 in 5,000 is suggested by 
Paterno and Cigolani for sterilising water in a 
concentration of 1 in 400,000). Chiefly with the 
object of avoiding irritant action, incompatibility 
with chlorides and coagulation of albuminoids, a 
large number of organic preparations of silver 
have been introduced, such as argeniamine. 
(ethylenediaraine silver phosphate) and the pro¬ 
tein compounds, argonin (casein), argyrol 
(gluten), largi7i (albumen) and protargol. A 
report (Brit. Med. J. 1906, ii, 359) gives the time 
in minutes to kill S. py. aureus by the pre¬ 
parations used as : silver nitrate (0-5-2%), 2-5; 
protargol (2-4%), 3-5; largin (10%), 2-5; 
argonin (5%), 3-6 ; whilst argyrol and collargol 
(colloidal silver, J.S.C.l. 1903, 22, 315) had 
very little bactericidal power (Lancet, 1907, i, 
675). Many of these are destructive to gonococci 
and to ophthalmic! disease organisms. 

Organic Compounds. 

Compounds related to the Alcohols.— It 
has long been known that “ wood spirit,” crude 
methyl alcohol, in a dilution as low as about 
5%, can kill insects and most micro-organisms, 
and preserve perishable organic materials owing 
to the tar products that it naturally contains. 
The alcohols, by themselves, are only efficient 
in a very much higher strength by coagulating 
albumen and (when absolute) by withdrawing 
water. Wirgin (Z. Hyg. 1904, 46 , 149) has 
tested methyl, ethyl, butyl and amyl alcohols 
with anthrax spores and S, py. aureus, and 
concludes that the disinfecting power is low, 
that it increases with the molecular weight and 
that there is scarcely any action on dry spores. 
It has been suggested to add alcohol vapour in 
steam disinfection, but Seige (Chem. Zentr. 
1902, I, 130) finds no advantage. Hand- 
disinfection with alcohol is not reliable (Goenner; 
Harrington, Boston Med. J., May 21, 1903), 
although Hansen found that epidermal bacteria, 
e.g. eczema, are, when moist, destroyed in one 
minute by absolute and in most cases by 
50-60% alcohol (Zentr. Bakt. 1907, I, 45 , 466). 
This statement is supported by A. Zabludowski 
(Dent. Mod. Woch. 1911, 37 , 405), who advised 
the addition of 5% of tannic acid. Sterility of 
the hands could be obtained by 2 minutes’ 


immersion. Glycerol in strong solutions (25% 
and upwards) is antiseptic, but weaker solutions 
tend to promote the growth of bacteria. Allyl 
^^othiocyanate (mustard oil) has figured in a 
number of patents, and is capable of killing 
many organisms, but not economically. 

Formaldehyde is found in commerce as the 
40% Bohition formalin or formal; it is antiseptic 
and germicidal, and is official in the German, 
Austrian, Belgian, United States and Japanese 
phaniacopccias. Formalin, diluted ten times, 
is used for embalming and for preserving bodies 
for dissection and museum specimens, but for 
antisepsis generally a much weaker solution is 
efficient. 8. Rideal and A. Foulorton have 
proved that 1 in 50,000 of formaldehyde ("1 in 
20,000 of formalin) suffices to kce[) milk sweet 
for 24 hours, even in w'arm weather, without 
injury to health (Pub. Health, 1898, 11, 554; 
J..ancet, 1899, i, 1427, 1577). Apparently be¬ 
cause experiments wuth larger doses showed 
effects on nutrition, the British Dept. Committee 
on Preservatives, in 1901, ro(;ommended “that 
the use of formaldehyde or formalin or prepara¬ 
tions thereof in foods or drinks be absolutely 
prohibited.” And yet its agency in the pre¬ 
servation of food is as ancient as that of salt. 
The disinfectant and preservative power of 
wood-smoke is in part due to formaldehyde, 
which is present on the surface of smoked 
provisions,^ and was found by Trillat in amounts 
varying from to of the weight of 

the substaiKse consumed, in smoke from wood 
and cellulose. In tobacco smoke, he found 
0*05-0-12%, and in soot from house chimneys 
0*28-0*35%, as paraformaldehyde. 

H. Will (Z. gcs. Brauw. 1905, 28, 330, 347) 
gives formalin a very high place among brewery 
disinfectants. Ho notices, like other observers 
(Slater and Rideal, J^ancet, 1894, i, 1004), that 
it is more powerful against bac-teria thaji against 
yeasts and mould fungi. Limits recorded as 
preventing development are : sarcina^ and bac¬ 
teria 0*003-0*031%, yeasts 0*007-0*062%, 
moulds 0*031-0*125%. 

Advantages in formaldehyde disinfection are : 
(1) that it can be easily applied in the state of 
gas or vapour for fumigation ; in the liquid 
condition as spray, wash, dipping, or in higher 
dilutions as an antiseptic, or in the solid form as 
its polymers, compounds or mixtures; (2) that, 
unlike mercuric chloride and many other agents, 
it is not thrown out of action by albuminous 
matter or by most chemicals ; (3) that it is 
effective in strengths which are not irritant or 
poisonous, and does not injure fabrics or 
metals. At quarantine stations largo quantities 
of bulbs, roots, nuts, fruits, etc., coming from 
plague or cholera-infected regions are dis¬ 
infected by immersion in a 5% solution of 
formalin, which does not injure the food value 
and much retards decay. 

Paraform, paraformaldehyde, trioxy- 
methylene or triforrnal is a solid polymer, 
only slightly soluble in cold water, and dis- 

^ Perrier finds to 3 0 ( Hr o o 7 > In bacon, ham, 

sausages and herrings; remarks that a strict regula¬ 
tion against formaldehyde would forbid those foods; 
and contends that a limit should be fixed instead of 
prohibition, 
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sooiated into CHgO gas on heating. It was killed B, coli^ iyphoauSy dipMherim and S, py, 
introduced as an internal antiseptic and for aureus in 20-24 hours, and that double the 
disinfecting instruments, and said to be as active quantity in the same time killed moist, but not 
as ^-naphthol, but its chief use is for evolving always dry, anthrax spores. He recommended 
formaldehyde either alone or in mixture, spraying with J% solution of formalin before 
for w^hich a largo number of methods have been using the lamp, as the gas is evolved with 
proposed, many of them patented. Mixtures insufficient moisture. The latter defect is 
with Na, Ba or Sr peroxide, w’hon brought remedied in the “ hydroformant ” lamp, in 
into contact with water, yield formaldehyde and which 12 oz. of water in an annular vessel is 
hydrogen peroxide. simultaneously ev^aporated. Rosenau considers 

Room disinfection with formaldehyde cannot this method of generating CHgO useful for the 
be economically effected by simply evaporating disinfection of closets and small enclosures of 
the solution; in ordinary circumstances, less tlhan 100 cu. ft., with not less than 12 and 
only a portion of the substance is volatilised, preferably 24 hours’ exposure, and not less than 
the remainder polymerising and remaining 2 oz. of imraform })er 1,000 cii. ft. (about 2 g. per 
behind as a solid, while reliable disinfection cu. m.). Kleiji el al. (L.C.C. 10th Ann. Rep., 
requires a definite large volume of gas to be M.O.H. 1901, A])p. iii) record that with 23 g. of 
produced in a short time. For this object very paraform per 1,000 cu. ft. B. typhosus, diph» 
numerous methods and apparatus have been theriai, pyocyarieus and /S’, py. aureu^s were killed 
devised, which may be grouped as follows : in 5 hours, but not anthrax spores nor (with (;er- 

A. Direct production of CHgO gas, by passing talnty) tuberculosis in sputum, it will be 
methyl alcohol vay)our and air over hot surfac^es noticed that the time is not even that given in 
of platinum (Holnuinn) or partly oxidised copper the directions issued with the lamp, and the 
(Loew). The various lamps on this principle humidity and temperature of the room are not 
have had the faults, among others, that the stated. Allan, Newman and Cribb had pre¬ 
oxidation is incomplete and inconstant. Ken- viously obtained generally satisfactory results 
wood found that 1^ litres of methyl alcohol were with 10 g. paraform per 1,()()() cu. ft. under moist 
required to disinfect a room of 2,000 cu. ft. conditions (Brit. Med. J. J89S, ii, 425). Ken- 

B. Heating the solution (formalin) under wood’s experiments pointed to an average of 
pressure was used by Trillat, calcium chloride 25 g. per 1,000 cu. ft. being necessary. Werner 
being added to raise the boiling-point. In his and also Bonhoff’ (Berlin klin. Wo(‘h. 1904, 41, 
autoclave, 1 lb. formalin was required for 349) find that tuben^ular sputum is certainly dis- 
1,500 cu. ft. By this method, Kenwood infected by 5 g. })er cu. rn. (141 g. per 1,000 cu. 
obtained sterilisation of diphtheria swabs, and ft.) acting for 7 hours, which is double the 
»S. Rideal, with various articles infected with quantity Glugge first recommended. 

B. typhosus, diphtherias, coli, /S’, ^u/. aureus and Spraying with the solution should be the 
anthrax spores, found that in 24 hours all were invariable practice oxcopt with the large CHgO 
sterilised, whilst fabrics, furniture, metals and generators, which are capable of filling the room 
leather were not injured (see also d. 8an. Inst, also with steam and spray. When spraying 
1903, 508). is used alone, there is a danger of not penetrating 

C. Formaldehyde has also been used in con- into crevices, and the solution must be of higher 
junction with acetone, also with SOg (F.R. strength; Dr. Mackenzie’s extensive experience 
379998, 1906), alcohol and some fatty acids. in the disinfection of houses and hospital wards 

D. Evolution by mixing with other chemicals, proved that 1% CHgO (4 oz. formalin per 

Dehydrating agents disengage very little CHjO gallon) is attended with success ; he adds 5 oz, 
gas from formalin, since most of it polymerises, glycerol per gallon of formalin to prevent 
With quicklime, S. Rideal obtained only too rapid drying. Thresh and Sowden in 3-4 
8% of the theoretical yield {cf. B.P. 8259, hours sterilised diphtheria, typhosus, cholera, 
1899 ; F.P. 323041, 1902 ; and U.S.P. 790468, /S’, py. aureus and prodigiosus with CHgO, 
1905). Carteret observes (Compt. rend. 1908, but pyocyaneus (on whitewash) only with 2%; 
146 , 819) that 1 part formaldehyde and 2 parts they therefore recommend the latter strength, 
bleaching powder added to 3 parts water evolve Where the space has to be occupied soon 
70% of the theoretical yield (G.P. 217944, 1908). afterwards, any residual formaldehyde can 
Potassium permanganate behaves similarly, be neutralised by volatilising ammonia. The 
generating great heat; Evans and Russell inodorous solid product, hexamethylenctetram- 
described a mixture of this kind. Major Munson ine, (hexarrdne, urolrojnne), is a ser- 

(Trans. Inter. Congress Hygiene, Washington, viceable antiseptic in cystic affections, and is 
1913, 766) has obtained 86% of the formalin administered to typhoid “ carriers ” to destroy 
vaporised, and S. Rideal (International Congress the bacilli of the disease in the urine. Uro- 
of Hygiene, Blackpool, 1914), using 40 g. per- tropine is the basis of a large number of anti- 
rnanganate to 100 c.c. formalin, sterilised clothes septic preparations. 

in a paper bag. The action of peroxides has Formic Acid. —The activity of formic acid as a 
been already mentioned. germicide depends on the hydrogen ion conoen- 

E. The simplest process is heating paraform tration, and it is not an effective germicide, 
by a small flame (avoiding ignition), when it although it is quite a powerful antiseptic. The 
melts and is resolved into CHgO. The “ Alfor- writer believes it is still used on the Continent as 
mant ” or Sobering lamp uses 1-g. tablets a preservative and it is extremely difficult to 
placed in a perforated cup, and it is directed to detect. S. Rideal found that B. typhosus is 
use 10 tablets per 1,000 cu. ft. with 6 hours’ killed by 0-6% formic acid in less than 15 
exposure. S. Rideal found that this quantity minutes and by 0-1% in about 30 minutes. He 
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also found the preservative action to be higher 
than that of acetic acid. 

Acetic acid is one of the most anciently used 
of preservatives ; “ aromatic vinegar,” a more 
or less concentrated acid containing essential 
oils, had a partially justified rej)iitation against 
infection. S. Rideal found that B. coli is killed 
by 6% CHg COOH in 5 minutes, by 2-5% in 15 
minutes, while with 0*5 and 0-1% it is alive after 
40 minutes. Pyroligneous acid, or crude wood 
vinegar, owes its antiseptic power chiefly to the 
presence of (U’eosote and formaldehyde. 

Acetyl peroxide and benzoyl-acetyl peroxide 
are staled by Freer and Novy (Arner. C-hem. J. 
1902, 27, 161) to be strongly germicidal, 

since solutions corresponding to 0-037-0-074% 
of the foriTH^r, or 0 ()56-0-112% of the latter 
:nT:0*005-0'01% of active oxygen, destroyed with¬ 
in a minute all known disease-producing 
bacteria and oven spores of B. mesente.rirufi, 
which are not killed by 5% phenol ; whilst 
HgOg solution containing 0 05% of active O 
was without acfl-ion on many bacteria even in 
60 minutes. Renzoyl peroxide had no oxidising 
action, and was without efl’ect on bacteria. A 
solution of acetyl })croxide was introduced 
under the name aretozone, but the title is now 
applied to a more (convenient and stable mixture 
of the benzoyl■HcetyJ compound with infusorial 
earth, said to be useful in typhoid, dysentery 
and cholera (Rancet, 1904, ii, 1160; Jb it. Med. d. 
1907, i, 634). 

Propionic acid has been tested comparatively 
by Duggan (Amer. Chein. J. iH85, 7, 62) with the 
highly resistant B. subfilis\ He gives as the 
strengths necessary for killing : formic acid, 
7% ; acetic accid, 9% ; propionic accid, 12% 
(numbers proportional to the molecular weights). 
According to A. C. Jordan (Practitioner, 1902, 
[ij, 69, 297), 0*1% of butyric acid in broth tubes 
infected with vigorous B. coli or typhosus caused 
them to remain sterile ; S. py. aureus required 
0’2%. Valeric acid is a feeble antiseptic, but 
the guaiacol ester, geosotCy has some use as an 
internal antiseptic. 

Oleic acidy the fats, LanoUuy etc., have but 
slight antiseptic powder in themselves, but when 
applied to the skin may prevent infection by 
the exclusion of germs. Rcichenbach (Z. 
Hyg. 1908, 59, 296) showed that, of the soaps 
investigated, the alkali salts of the palmitates 
had the strongest bactericidal action. The 
potassium salts of the saturated fatty acids 
are comparatively strong bactericides, but not 
those of the unsaturated series, with the excep¬ 
tion of elaidic acid, Vicario, however, observed 
that the fats themselves sometimes already 
contain germs, and Baldassari (Giom. R. 8. 
Ital. dTgiene, 1901, 33, 66) proved that B. coli 
and typhosuSy S, py. aureus and albus retained 
their virulence in oils for two months ; therefore 
ointment bases require to be sterilised by heating 
to 100°, or preferably to 120°, as various bacilli 
survive in oil far longer than in aqueous solutions. 
In fatty media antiseptics and disinfectants, 
as a rule, are much less active than in water, 
hence the ineffectiveness of carbolised oil as 
shown by Koch and Breslauer. Lanolin and 
cold cream contain water, so that they 
enable agents in aqueous solution to come in 


contact with micro-organisms. Some metallic 
oleates are parasiticide : cupric oleate in 
ringworm and favus (Lancet, 1907, i, 511); 
mercuric oleate for pediculi. 

Vegetable acids have the general power of 
inhibiting bacteria which prefer a neutral to an 
acid mecliiim, but their effect is much less than 
that of mineral acids, and their solutions 
quickly become moiddy in warm weather. 
Citric acid w'as formerly recommended for 
sterilising water : J. do Christmas in 1892 stated 
that cholera organisms were killed by 0*08% 
and typhoid by 0-10%. Kitasato’s figures for 
tartaric, citric and mali(^ ac'ids added to ntuitral 
nu'dia containing typhosus are; in grow th 
0*338%; growdh restrain(*d 0*384%; no 
growth 0*476%. Succinic acid is slightly anti¬ 
septic. Alphogen or Alphozorie, succinyl i)t‘r- 
oxide, is Siiid to be a powerful germicide (Lancet, 
1905, i, 367). 

Aromatic Acids.— The introduction of 
■—COOH groups or aliphatic acid radicals 
into the beir/cuic ring yields acids of relatively 
low antisept i(! power, increasing with the 
molecular weight of tlu^ entering a(ud. 

Benzoic acid is strongly antiseptic in solution 
and va()Our, and to a rather less degree in its 
soluble salts. It dissolves in about 400 parts of 
cold water, and the saturated solution kills B. 
typhosus in a few^ minutes. When equivalent 
amounts of sodium benzoate 0*026%, potassium 
benzoate 0*029%, benzoic acid 0*022% are 
separately mixe(i with milk, E. Rideal observed 
that all retard the souring, the acid more 
than its salts, but the effect comes to an end 
sooner than with inorganic salts like the 
fluorides, sin(*e benzoic acid is itself decomposed 
by some organisms (Analyst, 1907, 32, 32). 
Not being poisonous, it has been much used as a 
food preservative, i)arti(;ularly in countries where 
salicylic acid was forbidden. Following a report 
of the Referee Board of the F.S. Board of 
Agriculture that doses of benzoates under 0*5 g. 
per clay were not injurious to health, and that 
even 4 g. per day did not act as a poison, the 
U.8. Board, in Pamphlet 104, 1909, have 
announced that they will make no objection to 
the use of sodium benzoate in food provided it is 
plainly labelled on each package, both as to 
presence and quantity. A limited use of ben¬ 
zoic acid is permitted in Great Britain (Public 
Health (Preservatives in Food) Regulations, 
1925, 1926, 1927). The taste and odour are 
difficult to mask. It has long been used as an 
antiseptic in surgery, e.g. in Friar's Balsam 
(Tinct. Benzoin. Co., B.P.). .Benzaldehyde is 
official in the U.8. Pharmacopoeia, and in the 
form of commercial oil of bitter almonds owes its 
parasiticide powder in ointments mainly to the 
hydrocyanic acid it contains, which, of course, 
necessitates care in use. o-Benzoicsulphinide, 
Saccharin or Qlusidcy has some preservative 
power, and has been given internally to stop 
decomposition of urine in cystitis, and is used 
as a substitute for sugar in diabetes and obesity. 

Salicylic Acid. —The saturated aqueous solu¬ 
tion contains 1 in 500 ; tested with typhosuSy 
8 . py. aureus and anthraXy Westoott found that 
in 3 hours only the first was killed. As a food 
preservative it is about equal to benzoic acid, 
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their relative activitieH varying under different 
circumstances. Its physiological effect is more 
distinct than that of boric or formic acid or 
formaldehyde in the small quantities required, 
but there is no clear evidence that it causes 
injury to adults if the amount is limited. 
Addition of the acid to foods is forbidden 
in Great Britain, France, Austria and some 
other countries. Traces are present in a 
large number of fruits (Analyst, 1903, 28, 149). 
Linsa G. Anderson us€^d extensively a saline 
gelatinised salicylic acid paste containing 2% 
of the acid as a wound dressing with satisfactory 
results. Compounded with an equal W'oight of 
boric acid it is also used as a first dressing 
under the name of BorsaJyl. Salol is j)henyl 
salicylate, an internal antisej)tic which is 
decomposed in the duodenum into phenol and 
salicylic acid. According to Loowenthal, when 
mixed with pancreatic juice, it rapidly kills 
iSp. choleras (Compt. rend. 1888, 107, 1169). 
Salophc7}, p-acetylaminophcnyl salicylate, is 
said to have a rathei’ stronger antiseptic; powder 
(Practitioner, 1907, 312). A large number of 
derivatives of salicylic^ acid have Ikhui intro¬ 
duced, and many of them patented. 

Cinnamic acid at 2% prevents the growth of 
bacteria, and at 4% destroys them. It is 
contained in Peru and storax balsams, which are- 
parasiticide in skin diseases. F.P. 371091 
preserves butter by enclosing it in a wrapper 
imj)rognated with (;innamic acid, w'hich “ pre¬ 
vents butyric fermentation.” A(tctyl-o-coumaric 
add, TyJfnarin., is another internal antiseptic, 
said to have a R.-W. coefficient of 4*5. The 
use of halogen-substituted hydroxylic acids, 
especially 6-cblor-3-hvdroxy-p-toluic acid, has 
been suggested for disinfect ant purf) 08 es (.l.»S.(M. 
1914,33,807). 

Mandelic acid has been introduced (piite 
recently as a urinary antiseptic, and clini(^al 
results reported in the Bi it. Med. .1. are promising, 
particularly against B. coU. It is employe-d in 
(;onjun(;tion with massive doses of ammonium 
chloride or direct as ammonium mandelate, 

Hexylresorcrinol and other similar substances 
from the series have also been used as urinary 
antiseptics, but they now seem to be losing favour. 

Phenols and Homologues.—The introduc¬ 
tion of aliphatic side-chains into the nucleus of 
phenol raises the germicidal activity ; the o- 
and p- positions for the entering groups have a 
greater influence than the m-. Morgan and 
Cooper found the following carbolic acid co¬ 
efficients for three cresols, o=21, p=2-4, m~2*0; 
whilst Trimethol (trimethylmethoxyphenol) is 
said to have a R.-W. coefficient of 40 wlien 
properly emulsified. 

For general purposes of disinfection, “ coal- 
tar ” fluids, having as their chief active con¬ 
stituents bodies allied to phenol, are most 
extensively employed. They are usually dark, 
syrupy liquids smelling of coal tar, and may be 
roughly divided into two classes ; (1) those 

which on the addition of water form a more 
or less clear dilution ; and (2) preparations 
miscible with water but producing an emulsion. 
The former usually consist of saponified 
tar-acids ; the cresoUs saponatus^ B.P., con¬ 
sisting of equal parts of potash soap and crude 


cresol heated together, is of this nature. In 
the manufacture of these fluids, potash soap, 
glycerol, alcohols and other agents are employed 
to aid the solubility in w^ator. With the second 
group, the mostly insoluble, active ingredients 
are emulsified b}'' the aid of soda, soaps, resin, 
neutral oils or gelatin. 

Polyhydric Phenols and Naphthols. —The 
antiseptic powers of the di- and trihydroxy- 
benzenes are less than those of phenol. 

Resorcinol^ w-dihydroxybenzene, is a powerful 
meflicinal antiseptic, and a 1% solution kills 
most organisms. “ Andeer’s lotion ” contains 
40 grains in 1 oz, water. Anusol is a bismuth 
iodoresorcinsulphonate, Quinol or hydro- 
(luinone, p-dihydroxybenzene, is said to be a 
stronger antiseptic than resorcinol, and has been 
suggested for tyj)hoid in doses of 3-8 grains. 
The ortho- compound, catechol or pyrocatechin, 
is also antiseptic. Duggan finds (Amor. Chom. J. 
1885, 7 , 62) that the amounts of the throe 
i8f)raorides required for jjrevcnting development 
of B. suhtilis in 10,000 parts of a solution of beef 
pei)tonc8 are : ortho- 20, meta- 25, para- 30; 
phenol being 20 and pyrogaUol 15. 

Morgan and Cooper (8th Int. Cong. Appl. 
Chem. 1912, Sect. Vllld, Grig. Comm. 19 , 
243) give the following figures for the carbolic 
acid coefficients: ortho- wefa-~0*29, 
para- 11. 

Pyrogalloh trihydroxybenzene, is antiseptic, 
and a 3% solution kills most bacteria, parti¬ 
cularly aerobes, but it stains, is unstable and 
very poisonous. 

GuaiacoJ (methylcatechol) and cresol (methyl- 
guaiacol) are the jictive ingredients in w'ood 
creosot('H, and have been widely useful as anti¬ 
septics and ])arasiticide8, especially in tuber¬ 
culosis. Guaiacol has an antiseptic power, but 
not bactericidal however, 2^ tiiiies that of phenol, 
and a 0*5-1% solution destroys B. tubercidosis in 2 
houis (Marfori, Annali (Iiim. I^arni. 1891, | v], 13 , 
3). A solution of MorKon''s creosote 1 in 150 kills 
B. py. aureus and B. typhosus in 3 hours (West- 
cott). “ Little’s Soluble Phenyle ” contains 
wood creosote, and ( k)rfield’s experiments give 
it a high value for wounds and against vermin. 
Kenw^ood and Hewlett (d. R. San. Inst. 1906, 
27 , 13) find its K.-W. coefficient ]'2. 

p-Napkthol is official in the British (1932) 
and in a n\imber of other Pharmacopoeias, the 
dose in the former being 3-10 grains in a 
cachet for internal antisepsis, especially in 
typhoid and in cholera as a preventative. Its 
solubility in water is increased by boric acid. 
Schneider observes that naphthols dissolved in 
alkaline carbonates have greater disinfectant 
power than alkaline naphtholatea ; the former 
solutions contain naphthol in the free state. He 
states that Btaphylococci and typhoid are 
killed in a short time by 0-5-1-0% of ^-naphthol 
alkaline carbonate solution (Z. Hyg. 1906, 52 , 
534). 

Ointments containing 10-15% are efficient 
in scabies and psoriasis. Betol^ naphthyl 
.salicylate, is less soluble than jS-naphthol and is 
now seldom used. Alphol is its analogue 
from a-naphthol, and is very similar, A number 
of easily soluble compounds have been intro¬ 
duced, such as the salts of j3-naphthol sul- 
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phonates, Asaprol or Abrastol (calcium), and 
Alumnol (aluminium). Helbing states that 
an aqueous solution of the latter, 1 in 250, pre¬ 
vents all growth of gcmococcij pus cocci and allied 
bacteria. Bechhold (Z. angew. Chem. 1909, 
22, 2033) finds the odourless and non-poisonous 
halogen-substituted naphthols more powerful 
than any disinfectant except HgClg, and that 
tribromonaphfhol kills Staphylococci in dilutions 
of 1 in 250,000. 

Dihydroxy naphthalene .—The 2:3-sub8titiited 
compound has a relatively high germicidal 
activity, with a carbolic acid coefficient of 4*4. 
The 2:7- derivative has a coefficient of 2 * 8 . 

Ami nobenzene Derivatives. —The intro¬ 
duction of —NHg groups into the aromatic 
ring produces substitutes of low germicidal 
activity. 

Aniline is open to the same objection as the 
nitro- derivatives [v. infra); it has a (carbolicacid 
coefficient of 0-57, whilst the next hoinologues, 
o-toluidine and w-toluidine, have coefficients of 
1-00 and 1-30 respectively. 

The Dyestuffs. —A number of aniline dyes 
are germicidal, owing to their power of i)enetrat- 
ing and combining with living tissue. This 
action is very variable, b\it it is stated that 1 % 
prevents development of organisms, whilst 
1 in 500-4,000 retards their growth. 

The investigation of the parasiticidal powers of 
the dyestuffs was conducted by Ehrlich and 
his pupils in their seardi for compounds con¬ 
taining strongly developed parasitotropic 
groupings, but only with feeble organotropic 
groupings. It was found that tetrazo colours 
derived from naphthalene-3:6-di8ulphonic acid, 
basic dyes of the triphenylrnethano series and 
certain azo- colours were equally effective. 
Symmetrical colours were found to be less 
organotroj)ic than unsymmetrical ones. i 

Methyl Violet or jjyoktanin, Gentian Violet, 
certain aura mines, 8 afranin(‘, Methylene and 
Toluidine Blue have be(;n used in surgery and 
in malaria. Malachite Green, injected into the 
blood, kills trypanosoma in 48 hours (Koch. Brit. 
Med. J. 1904, ii, 1449, 1045; Wendelstadt, 
Dent. mod. Woch. 1906, 32, 863). Methylene 
Blue, with urotropine and benzoic acid, accord¬ 
ing to Lclean (Lancet, 1902, i, 1321), wore the 
only drugs he found of use against bilharzia. 

Derivatives of acridine, especially acrifiavine^ 
2 : 8 -diamino- 10 -methylacridinium chloride, and 
proflavine, 2 : 8 -diaminoacridiniura sulphate, have 
been shown to be somewhat superior to Malachite 
Green when used for wound dressing. Originally 
prepared for Ehrlich, their selective action on 
bacteria was first tested at the Middlesex 
Hospital, London. For wound dressing the 
derivatives are made up as soaps, gelatin or 
starch mucilages. 

Linked Benzene Derivatives. —Both the 
chemical constitutions and the germicidal 
activities of the higher boiling tar-acid fractions 
are as yet unknown, although Kideal has isolated 
a number of compounds containing up to nine 
C atoms and estimated their K.-W. value. 
The direct linkage of two phenoloid groupings or 
linkage through >CH2, >CH OH, >CH OX, 
where X is an aliphatic group, in some cases 
elevates the germicidal powers. Linkage 


through ^CO or ]>S 02 groupings is said to 
depress the coefficient. 

Aromatic nitro-and halogen-substituted 
compounds, such as nitrobenzene, have often 
been proposed as disinfectants, but arc precluded 
by their odours, poisonous action and sparing 
solubility. Trinitrophonol, picric acid, is rapidly 
fatal in saturated solution (about 1 %) to bac¬ 
teria and spores, but causes yellow stains, is 
irritant and very poisonous. The K.-W. 
coefficient is about 6 . Cotton wool, soaketl in 
the solution, is used very successfully in the 
aseptic treatment of burns; hence it is recom¬ 
mended in Reports of H.M. Inspector of Ex¬ 
plosives as useful for this purpose. Tannic acid 
solution is now, however, almost universally 
used for the treatment of extensive burns. 
Potassium dinitro-o-cresol, Antinovin, 1 in 
406, is destructive to all common injurious 
parasites, and does not injure plants. 

Trif'hlorophcnol was first used at Leningrad as 
a disinfectant. It is said to be 25 times stronger 
than carbolic a('id, but it possesses an objec¬ 
tionable, lingering odour. 

Hydrocarbons.—Petroleum, mainly con¬ 
sisting of hydrocarbons of the paraffin scries, 
has long been a well-known insecticirlo, and is 
mentioned by Marco Polo in the thirteenth 
century as used to kill acari in mange. 

Nap^hihalene is ffiebly antiseptic, but is not a 
disinfectant. It is useful by its odour to drive 
away domestii; insects and is effect]A^e as a soil 
fumigant. 

it has been stated that articles are disinfected 
by dry-cleaning with petroleum-benzine, or by 
benzene. Farrell and Howies (J. So(\ Dyers and 
Col. 1908, 24, 109, 166), however, find that 
neither benzene (CgHg) nor petroleum-benzine, 
acting on infected threads for 6 ^ hours, killed 
typhosus, whereas carbon tetrachloride killed it 
in 30 minutes, whilst “ benzine soap ” dissolved 
in benzine has no germicidal power. 

Toluene at 150-165° is used for sterilising 
catgut. 

Essential Oils and Camphors. —Perfumes, 
chiefly composed of terpenes and their oxidised 
products {e.g. the camphors, menthol, thymol 
and eucalyptol), have a limited sanitary value. 
All of them are very sparingly soluble in water, 
but impart to it a more or loss antiseptic effect. 
The germicidal powers of many essential oils 
and their pure constituents have been studied by 
the writer and his assistants (Perf. and Ess. 
Oil Rec. 1928, 19, 285, and 1930, 21, 341). 
They were able to correlate the germicidal 
powers of the oils by their ability to lower the 
interfacial surface tension between B.P. paraffin 
and water. Early estimates of their power have 
not been concordant, chiefly owing to their 
having been tried variously in aqueous or 
alcoholic solution or in suspension. A saturated 
solution of thymol in water (0*3%) arrests 
fermentation and putrefaction. Peppermint 
(containing menthol and menthone) has had a 
high reputation, and a number of recipes for 
“ plague water ” have it as a basis. The use of 
hops in brewing partly rests on the power of the 
essential oil to check fermentation. Terebem,, 
made by the action of H 2 SO 4 on turpentine, 
was once reputed to be a disinfectant, but now 
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hardly figures except as terebene soap. Among 
other artifitaal products from turpentine are 
terpin hydrate (said by Colpi to arrest the growth 
of tubercle bacilli in 0'25% strength) and ter- 
pineol (anthrax is stated to be killed by 10%, 
and Staphylococci by 1% in 60 minutes: H. Marx, 
V. infra ; G.P. 207576, 1906). I 

Camphor is much spokcri of as a personal pro-1 
phylactic, but there cannot be sulficient of the 
vapour to sterilise the air. It is an ingredient in 
many remedies for fiholera and diarrhoea 
and in several “ block disinfectants ” such as I 
Sanoscenty Cainphortary etc. Eucalyptus globulus 
and other species which have long been famous 
as antimalarial are largely planted on the Con¬ 
tinent in marshy districts. The essential oil is 
de('idedly germicidal, having a carbolic acid 
coefficient of T2, and has been given with some 
success in typhoid, and also against tape- and ! 
thread-worm. 

Pinol, from Piuus pinuilis, is a, liquid of similar 
character. H. Marx has investigated the 
action of various perfum(!s on anthrax and 
iS\ py. aureus (Zentr. Pakt. 1903, I, 33, 74). 
Koljert (Chem. Zentr. 1907, 1,419) finds that the 
terpom^s have, by themselves, in general only a 
weak antise[)tic action. The proportions needed 
for sterilising cxcjeed the solubility in water 
and can only be reached by a spirituous solution 
or an emulsion. 

But it has Ix^en ro(!ognised, since Schoribein 
pointed out the fact about 1840, that essential 
oils have a disinfectant })owor conferred on 
them by their slow oxidation in the presence of 
air and moisture, whereby ozone is produced ; 
that as long as air and oil are present, the ozone i 
is continually regenerated and absorbed, forming 
oxidising and antiseptic products, which 
dissolve in the water, along with peroxide of 
hydrogen. This was the principle of the 
Sanitas patent 274, 1876. It was also realised 
by the writer, with referencse to the papers 
mentioned above, that this production of ozone 
or hydrogen peroxide might well account for 
some discrepancies noted in the K,-W. values of 
certain essential oils. 

Pyridine, Quinoline and Related Bodies. 

—Pyridine is volatile, mixes freely with water, 
and is strongly insecticidal, but has a very 
unpleasant odour, which has militated against its 
use in horticulture. Tobacco smoke, indeed, owes 
its fungicidal powers not to nicotine, which is 
almost entirely decomposed by the heat, but to 
the products, pyridine and its homologues, which 
are formed. Tessinari destroyed the bacilli of 
cholera and pneumonia by tobacco smoke passed 
for 10-30 minutes through a tube containing 
infected nutrient gelatin. Wyntor Blyth killed 
the bacillus of nasal catarrh by 1% solutions of 
pyridine and its homologues (from bone oil) 
or by tobacco smoke. There is proof that 
smokers and workers in tobacco enjoy com¬ 
parative immunity from epidemics, but the use 
of pyridine inhalations {e.g. in asthma and 
whooping cough) requires care, as it is a cardiac 
depressant. 

Tobacco juice, of course, contains nicotine, 
and in France is sold as an insecticide under an 
official guarantee as to its nicotine strength. In 
England a solution of the pure base in water is 


sometimes used as more definite. “ Richard’s 
cakes ” for fumigation are nicotine and camphor: 
S. Rideal found a sample in 1909 to contain 
1‘17% of nicotine and to be completely volatile 
at a gentle heat. 

Testing of Disinfectants. 

Before 1881, when Koch introduced the use of 
pure cultures, tests depending upon the pre¬ 
vention of putrefactive charges in various 
organic infusions were mainly employed, and 
to a great extent the antiseptic or preservative 
value was noted rather than the actual gerra- 
killing power. Since then an increasingly large 
number of investigators have worked upon 
practical methods of testing. With the phenolic 
disinfectants valuations were made upon the 
total amount of tar-acids present, but the 
widely differing activities of these bodies, which 
are also modified according to their physical 
condition on dilution (an emulsion of tricresol 
has three times the germicidal value of a solu¬ 
tion), have led to the general adoption of bac?- 
teriological tests. Moreover, the available 
methods for determination of tar-acids aw 
mostly open to (Titicism, and it is doubtful 
whether any method ever isolates these tar- 
acids in prtHUsely the form in which they were 
incorporated in the disinfectant owing to poly¬ 
merisation. 

In the thread method (Koch), silk threads are 
impregnated with the test organism, and 
exposed for a definite time to the action of the 
diluted agent, and then, alter the removal of 
adhering disinfectant, sub-cultures are inoculated 
from the threads to determine the survival or 
death of the organism {see Lancet, 1900, ii, 293 ; 
.1. R. {Sail. Inst. 1907, 28, 1). In place of threads 
small garnets can be employed (Kronig and 
J^iul), stones of uniform size being coated from 
cultures of the organism and added directly to 
the disinfectants, sterility being determined by 
inoculating sub-cultures at intervals (Z. angew. 
Chem. 1901, 14, 15). The chief points to be 
considered are (1) time; (2) age of culture; 
(3) (Iioicc of medium, reaction of same; (4) tem- 
I>eraturc of incubation, and (5) temperature of 
disinfection; (6) variation in vital resistance of 
same species, and (7) of different s})ecies; 
(8) proportion of culture to disinfectant. In 
order to facilitate the comparison of disinfect¬ 
ants, Rideal and Walker (J. San. Inst. 1903, 
424) suggested their carbolic acid coefficient 
method as the basis for a standard process. 

This test has now been widely used by the 
majority of Government departments and large 
purchasing agencies for over thirty years and 
has, without question, contributed largely to 
the great improvement in quality of disinfec¬ 
tants over that period. There has been a great 
deal of misunderstanding with regard to the 
test, but the authors never claimed that the 
test, applied to a disinfectant, proved any 
cajpacity to disinfect under all conditions, and it 
is obvious that no single test could do this. 
Numerous modifications of the R.-W. coefficient 
test have been suggested whew distilled water 
as a diluent for the sample has been replaced by 
other diluents such as sterilised sea-water, urine, 
sewage, starch suspensions in gelatin solution, 
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drieci, Hieved and autoclaved human faeces. 
In fact, all the other known bactericidal dis¬ 
infectant tests in use to-day are modifications 
for special purposes of the original idea of Rideal 
and Walker. 

During recent years, however, it Mas uni¬ 
versally felt that the time had arrived to place 
the conditions of the test upon a more scientific 
basis. As a result of collaboration between the 
British Disinfectant Manufacturers’ Association 
and the British Standards Institution the latter 
body published Specification No. 541 of 1934. 
This is entitleci B.S. “Technique for Deter¬ 
mining the Rideal-Walker Coefficient of Dis¬ 
infectants,” and copies may be obtained 
from the British Standards Institution, 
28 Victoria JStreot, London, 8.W.1 (price 2^. 2d, 
post free). The following abstract is made by 
permission of the B.S.I. In the development of 
this technique every stage of the procedure 
was the subject of the closest anatysis, and strict 
adherence to every detail is essential if con¬ 
cordant results are to be obtained. 

The Rideal-Walker coefficient is obtained 
by dividing that dilution of the disinfectant 
which shoM's life in 2^ and 5 minutes, but no 
life thereafter, by that dilution of carbolic 
acid (1 : 95,1:100, 1 : 105,1:110 or 1:115) which 
shows life in 2| and 5 minutes, but no life there¬ 
after. Life of B. typhosus is rcferixM to by a 
-f- sign and a tube showing no life or no B. 
typhosus by a — sign. 0-2 c.c, of a 24-hour8 
ciilture in R.-W. broth of the organism is added 
at 30-second intervals to five medication tubes, 
four of which contain a series of dilutions of the 
disinfectant and the fifth of whit'Ii contains 
5 c.c. of the appropriate phenol control dilution. 
At the end of this operation a standard R.-W. 
loopful is drawn from each medication tube at 
30-second intervals and irmculated into a 
numbered tube of R.-W. broth. The tubes are 
incubated for 48 hours at 37%'., when a result 
should be obtained, as follows : 
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R.-W. coefficiont-550/100-5-5. 

This specification is again to be revised and 
will be republished in the near future. 

The latest publication of details of the British 
Admiralty teat for disinfectants occurred in the 
Analyst, 1931, 56, 93, although this method 
would appear to differ in several important 
aspects from the method still outlined on the 
Admiralty Contract form for disinfectant 
fluids. A 1% dilution of the sample is prepared 
in artificial sea-water and alloM^ed to stand 
24 hours in a tall cylinder, the portion for test 
being taken from the centre without disturbance. 
In order to prepare the test portions this stock 
emulsion is further diluted with artificial sea¬ 
water containing 0-5% of gelatin and 0*5% of 
rice starch, previously ground, dried, sieved 
and sterilised at low temperature. The control 
is an aqueous solution of pure phenol. Objections 


to this method were put forward by Rideal and 
Sciver in Analyst, 1931, 56, 249. Recently this 
test ceased to be emi)loyed by the British 
Admiralty, which has adopted the B.8.L tech¬ 
nique of the R.-W. test, together with certain 
tests for stability on dilution as set out in 
Government Specification T G.G4. 

The Cliick-Martin method employs human 
faices, dried on a water-bath, ground and passed 
through a ISO-mesh sieve. For the test, 0*15 g. 
of this fEcces is placed in a plugged tube with 
2-5 c.c. water and autoclaved at 120 ’ C. for 
10 minutes. A stock 2% dilution of the 
disinfectants is prepared, and fractions of a 
cubic centimetre are added to the fncces tubt^s 
together with distilled water to bring the total 
volume up to 5 c.c. The B. typhosus is groMn 
in trypsin digest horse-flesh broth and 01 c.c. 
of culture is added to the fjcces disinfectant 
tubes at zero time. After 30 minutes and 
30J minutes sub-cultures are taken Math a 3-mm. 
loop into a broth made with Brand's Meat 
Juice, Witte Peptone and glucose, with litnnis as 
indicator. Tlu* disinfectant dilutions and phenol 
controls are arranged so that each dilution is 
20% greater than the one before it. No heces 
is used in the phenol contnd tube, but this is 
allowed for l)y a factor of L2 in the calculation. 
The end-point is taken as tfio mean betMcen thet 
last positive tubes and tin* first negative tubes, 
and the result is recorded as j)lus or minus 10%. 
This test has also recrcived the attention of a 
Committee of the B.S.I., and a B.8. Specification 
has been published under No. 808, 1938. Some 
rather important changes have been made in 
the technicpie, and in particular the fa‘ces has 
been replaced by a yeast suspension. The 
amount of yeast has been chosen so as to give, as 
nearly as possible, the same depression of ger¬ 
micidal value as that produced by f;rces. The 
test is therefore still quite arbitrary and gives no 
indication of the capacity to disinfect under 
circumstances involving a wide variety of organic 
matter. It must be agreed, however, that the 
yeast suspension is more pleasant to prepare and 
handle than the faices, formerly used, and the 
yeast is more constant in its properties although 
not readily obtained in remote places abroad. 

The United States Hygienic Laboratory 
method is based upon the Rideal-Walker 
method. The last publication of this test 
can be found in the U.S. Public Health Service 
Reports, July 8, 1921, reprint 675, Government 
Printing Office, Washington. A weak broth, 
made from Liebig’s Meat Extract and Armour’s 
Peptone, is employed. 0-1 c.c. of a 24-hour8 
culture of B. typhosus, John Hopkins, is added 
to 5 c.c. of disinfectant dilution, and sub¬ 
cultures are taken at 5, 7^, 10, 12^ and 15 
minutes. The H.L. coefficient is the arithmetic 
mean of the ratios of disinfectant and phenol 
deaths at 5, 10 and 15 minutes. 

The Hygienic Laboratory method has now 
apparently been replaced in the United States 
by the U.S. Food and Drugs Administration 
method, known briefly as the F.D.A. method. 
AU antiseptics and disinfectants shipped or 
offered for shipment in interstate commerce or 
offered for import into or export from the 
United States are subject to the provisions of the 
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Federal Insecticide Act, the Federal Food and 
Drugs Act, or both, and in the enforcement 
of these Acts it is necessary to determine the 
accuracy of the bactericidal and antiseptic 
claims made for such producits by the manu¬ 
facturers. The broth is made from Liebig’s 
Beef Extract and Armour’s Pej>tone, and is 
corrected to py 6-8; 05 c.c. of B. tiiphomia 
culture is added to 5 c.c. of disinfectant dilution, 
and sub-cultures are taken at 5, 10 and 15 
minutes. The F.D.A. coefhcient is obtained by 
dividing the highest dilution not killing in 
5 minutes but killing in 10 minutes by the same 
for phenol. Full details of this will be found in 
Circular 198, Dee. 1931, ol the U.S. I)ei)artinent 
of Agriculture, Washington, D.C. In this 
paper have also been dovelopcul several valuable 
methods for substances that are to bo used in 
high concentrations, sudi as soap, tooth¬ 
pastes, suppositories, dyes, dusting powders, 
salves and ointments. The wet filter-paper 
method consists in wetting filter-paper with a 
broth culture of Slaphylococciis aureus and 
placing it in the material for any desired length 
of time. The jjaper is then witlid rawn and placed 
in sterile bn^th, from which it is finally removed 
into another tube of broth, the object being to 
avoid inhibition owing to transferred material. 
The dry filter-pay:»er method is used for fumigants 
and is similar to the wef filter-paper method, 
oxc.ept that the infected filter-paper is dried in 
sterile Petri dishes at for 2 days. Control 

tests with non-medicated infected paper are 
carried out in order to test the viability of the 
organism. 

The Agar Plate method is a test for inhibitory 
properties. If it is desired to test substances 
which remain in contact with the body in the 
absence of serous fluids, such as salves, dusting 
pow’ders, creams, ydasters, pads, adhesive tape, 
catgut and suppositories, oiie pours about 25 c.c. 
of melted nutrient agar together with 0*1 c.c. 
of Staphylococcus aureus ox other suitable culture 
into a sterile Petri dish. The material under 
test is pla(jed in intimate contact with the 
solidified agar, and the dish is incubated. If 
the material is antiseptic a zone of clear agar 
will be noted around the material and the width 
of the zone will indicate the difl’usibility of the 
inhibitory agent. If it is desired to test sub¬ 
stances which are to be used for open wounds, 
etc., about 5 or 10% of serum should be added 
to the nutrient agar. 

The Agar Cup method is a variation of the 
above intended to investigate the diffusibility 
of the antiseptic. A circular cup is cut from the 
middle of the solid agar in the dish and a solution 
of the antiseptic is poured into this. The width 
of the zone can be used, after some practice, 
for estimating the degree of diffusibility. 

The Now Zealand Government Stores Board 
set out another method of testing disinfectant 
in their Schedule No. 4, specification S.C.B. 4/1. 
In this test a 1% dilution of the sample is 
prepared with hard water containing 25 grains 
CaCOg per gallon, and is allowed to stand 
24 hours in a cylinder having a diameter not 
greater than 4 cm. The portion for test is with¬ 
drawn from the middle and is diluted further 
with a sterile solution of 0*5% gelatin con- 
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iaining 0*5% rice starch in suspension. Five 
drops of a 2()-hourH culture of B. typhosus in 
standardised broth are added to 5 c.c. of the 
dilution of the sample, the medication tempera¬ 
ture being 13-16°C. and the time 10 minutes. 
The standard is pure phenol, and the Board will 
not consider a fluid with a coefficient less than 
5 by this method. The Board also require 
the tenderer to indic^ato the coefiiciient of the 
disinfectant against B. dlphlherim and B. tuber¬ 
culosis and a statement of the method used. 

The Colombo Municipal Council require a 
statement of the coefficient of a disinfectant as 
ascertained by the Hygienic Laboratory method 
at a temperature of 26°C., using smooth B. 
typhosus (Kawlings) from the Oxford Standards 
Laboratory. The medium c:ontains 3 g. of 
Bacto-Beef p]xtract, 10 g. of Bacto-Peptone and 
5 g. of salt per litre, and is neutralised to phenol 
red. This Council also require a statement of the 
following properties: 

(а) The stability at tropical temperatures of 
an emulsion prepared by diluting the disinfectant 
with distilled water and sea-water in normal 
w^orking proj)ortions. 

(б) Homogeneity and occurrence of sedimenta¬ 
tion of the disinfectant in bulk under varying 
conditions of storage and use. 

(c) Relative freedom from harmful or 
poisonous properties for men and animals. 

(d) Absence of corrosive action on metals. 

(e) Disinfecting properties as regards fleas, 
lice, mosquito larvas flics and their eggs. 

The Government of the Union of vSouth 
Africa published as an amending regulation of 
their Foods, Drugs and Disinfec^tant Act, in 
the Government Gazette of Feb. 27, 1931, 
p. 499, their method of testing disinfec¬ 
tants, described as a modified Rideal-Walker 
method. The broth is corrected to pj^ 7*3 with 
phenol red. The inoculating loop consists of 
four turns of a spiral of 26 B.S.W. gauge wire 
wound tightly round a 3-mm. rod. The spiral 
is bent at right-angles to the shaft. The 
coefficient is the mean of the sum of three ratios, 
at 5, 10 and Jo minutes, so that the method 
bears considerable likeness to the Hygienic 
Laboratory method. 

The disinfe(!tants of greatest commercial 
importance to-day are those made from coal-tar 
products : lysoly wdiich consists of a saponaceous 
! solution of the cresylic acids ; black ” dis¬ 
infectants, which consist of a saj)onaceous 
solution of the higher boiling tar-acid homo- 
logucs of phenol ; and white ” disinfectants, 
which consist of an emulsion, made with glue or 
casein solution or some similar emulsificant, of 
these high-boiling tar-acids. Lysol, the specifica¬ 
tion for which will bo found in the British 
Pharmacopceia, 1932, p. 257, gives a Rideal- 
Walkor coefficient of 1 *6-2*9. Black disinfectant 
fluids, wliidi are not miscible with salt water or 
urine, give Ridc^al-Walker coefficients from 1 to 
2U, and excej)tionally up to 25 ; white disin¬ 
fectants give Rideal-Walker coefficients from 1 
to 20, and sometimes 25, and Admiralty co¬ 
efficients from about 3 to 11, and occasionally up 
to 13, and Martin-Chick coefficients of 2-3*5, 
although unconfirmed values up to 6 have been 
reported. In addition, hypochlorites, either 
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(‘loctrolytio or made by double decomposition 
from bleaching powder, arc of considerable eom- 
mejrcial importance and are used for personal 
disinfection, where they have the advantage of 
being non-poisonous even if somewhat un¬ 
pleasant, for water sterilisation and for sterilising 
brewing machinery and t)a8iouri8ing plants. 
Chlorinated phenols have reeeiv^ed great atten¬ 
tion during the last few years, and disinfectants, 
of a saponaceous nature, containing p-chloro-ra- 
xylcnoJ or a similar substance, are made by a 
number of well-known manufacturers and are 
fashionable amongst medical men at the 
moment. The advantage claimed for them is 
their low toxicity and negligible corrosive action 
on tissue. They tend, however, to be specific 
against certain ojganisms; they are relatively 
expensive and are broken up by urine and other 
saline liquids. 

Quito recently a series of substituted diphenyl 
compounds have been introduced. They po.sseBs 
high K.-W. values, very low toxicity, but they 
are relatively expensive. They also exhibit 
high inhibitive powers against the growth of 
bacteria, moulds and yeasts, and are being 
employed as preservatives in a number of eom- 
mercial products, but not, of course, in food¬ 
stuffs. 

A. S. 

DISPARGEN. Trade name for a colloidal 
solution of silver (c. 30%) prepared by chemical 
means and containing gliitin degradation 
products as the protective colloid (H. Wirgler, 
Miinch. med. Woeh. 1915, 62, i, 857 ; F. Wischo, 
Pharm. Post, 1915, 48, 469; J. Voigt, Kolloid- 
Z. 1927, 41, 271). It has been used for general 
diagnostic and therapeutic purposes for which 
silver is suitable (d. Voigt, Klin. Woch. 1928, 
7, ii, 1417), but its value is disputed (Klemperer 
and Rost, “Arznei. Verordnungslehre,” 1929, 
170). 

DISPERSOL DIAZO BLACK AS v. 

Acetate Silk Dves. 

DISPERSOL FAST RED R {Cellitmi 
Med It) V. Acetate Silk Dyes. 

DISPERSOL YELLOW 3GS Acetate 
Silk Dyes. 

DISSOCIATION V. Chemical Affinity. 

DI ST IL L AT ION. The act of separating 
substances by the condensation of their vapours 
into liquid fractions of constant boiling-point. 
It may be conveniently divided into Labora¬ 
tory Distillation and Industrial Distilla¬ 
tion, and the latter will be treated under Stills. 

DISTILLATION, LABORATORY. 
Fractionation processes take advantage of the 
fact that the more volatile constituents of liquid ' 
mixtures occur, generally speaking, in increased * 
concentration in the vapour phase when the 
mixture is partially vaporised and equilibrium 
allowed to be set up between the liquid and the 
vapour phases. It is possible, in such cases, to 
effect separation of the constituents by repeated 
distillations or by distillation through a frac¬ 
tionating column. 

“ Flash ” distillation involves vaporisation of 
the mixture in an enclosure (entailing equili¬ 
brium between the vapour and liquid phases) 
until the desired amount of vaporisation is 


completed. The vapours are then removed for 
condensation. This method of equilibrium 
vaporisation may be conducted in a continuous 
manner, as in the “ Pipe ” stills used in the 
petroleum industry. 

In fractionating, use is made of columns or 
still-heads to complete the separation of the 
constituents in one operation (e.g. with certain 
binary mixtures) in place of several distillations 
into fractions. In industry, fractionating 
columns or towers may be (1) sieve plate 
columns; (2) bubble-cap plate columns; (3) 
packed columns. When used in a continuous 
process, the feed to the columns is liquid heated 
to near the boiling-point, or partly liquid and 
vapour, and enters above the md of the column, 
the lower j)lates acting as strijiping plates and 
rcmc»ving the last traces of the more volatile 
component. Each plate acts in effect as a still, 
the composition of the liquid and vapour in its 
neighbourhood remaining fairly constant so that 
a product of dtdinito composition may be drawn 
off from any plate. Near the top of the column, 
the (‘onccutration of the more volatile component 
is high. The heat necessary for vaporisation 
occurring on each plate is pro\ ided by condensa¬ 
tion of ascending vapours, while at the end 
other means are provided. 

The separation of the constituents in an 
industrial column is dependent on the provision 
of reflux, i.e. return of part of the condensate 
down the column. In general, ndliix at any 
point in the still will la* richer in the more volatile 
component thaii the vapours immediately as¬ 
cending from below; condensation of rela¬ 
tively greaUu- amounts of the less volatile com¬ 
ponent will o(‘(!ur, followed by \ aporisation of 
njaterial ri(Ker in the more volatile component, 
the less volatile component being washed out 
of the vapour. 

Fractionating columns may also bo used in an 
intermittent manner. In this case the feed 
will be in the form of vapour from the mixture 
hcate<l in a separate vessel and introduced at the 
column end. The composition of the liquid in 
the vessel, the vapours entering the (’olumn and 
throughout the column will vary continuously 
with the j)rogre8s of the distillation. This is the 
case in the usual laboratory fractionations 
employing ordinary still-heads. 

In a simple laboratory unlaggcd rectifying 
column, fractionation is mostly effected by 
partial condensation : vapour enrichment 
following partial condensation. A certain 
amount of rectification by interchange between 
reflux and vapour may occur in parts of the 
column. The usual laboratory apparatus for 
simpler distillation purposes, together with 
particular applications, are well known. (For 
some recent developments, see Reilly, “ Distilla¬ 
tion,” London, 1936.) 

Mixtures of liquids may be of three kinds, 
viz. where the liquids are (1) immiscible, (2) 
partially miscible, (3) completely miscible. For 
the present only mixtures consisting of two 
liquids, i.e. binary mixtures, will be considered. 
The change in vapour pressure at a given 
temperature following alteration in composition 
of the liquid mixtures is of importance and the 
vapour pressure-composition relationships of 
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the above three cases will now be considered 
from the point of view' of examining their 
behaviour on distillation or on fractionation. 

Immiscible Liquids. —The vapour pressures 
of immiscible liquids obey Dalton’s law of partial 
pressures, viz. each component of the mixture 
exerts its own vapour pressure independent of 
the amount of the component present in the 
mixture, the total vapour pressure being the 
sum of the individual pressures. The vapour 
pressure-c^omposition curve (at some particular 
temperature) for this (‘ase will be a straight 
line (as show n in Fig. 1) illustrating the constant 
vapour pressure of the mixture. i 
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I’k;. 1. -N’ai’our Fressuue-Comi’osition ('ru\ k 
FOR iMMISCniLK LIQUIDS. 


If two lifjuids A and Bare coin])leteIy immis- 
(;il)le and and Pg va})our pressures of A 

and B respectively (at th(i boiling-point of a 
mixture made up of A and B) and P is the total 
vapour pressure of the system (also at the tem¬ 
perature of the boiling-point), and since the rela¬ 
tive volumes (viz. Vj, V 2 ) of A and B which occur 
in the vapour are proportional to their vapour 
pressures at that particudar temperature, 

P---P,-4 P 2 and 

If Dj and Dg are the densities of A and B 
respectively in the vapour phase as above and 
Aj/Ag is the ratio by weight of A and B in the 
vapour, then since the densities of the vapours 
are proportional to their molecular weights Mj 
and Mg, j 


respectively, and the relative masses will there¬ 
fore be 


DaPa ^Ma 
UbI’d I’bMb 


This case is met with in practice in steam 
distillation, which is of particular value in the 
recover^' of organic; substances and may be 
employed even if the vapour pressure of the 
organic material is low provided that the 
molecular weight is high (relative to water). 
In steam distillation the distillate (i.c. con¬ 
densed vapour) will have a constant composition 
as long as the two components are present. 

Steam distillation is used for the separation of 
many essential oils and (compounds of high 
molecular weight. These separations are often 
possible with organic; substances having as low 
as 1 mm. vapour pressure at lOO^C., especially 
whe^re the molecular weight is high, e,g. a-san- 
talol boils at 30PC. and at 10()°C. has a vapour 
prevsHure of only 1 mm., yet in steam distillation 
the distillate C'ontains () r)% of a-santalol. 

Sidgwic k (J.(18. 1920, 117, 390) states that if 
two vapour pressure curve's are com]>areci it will 
be generally found that as the temperature rises 
the ratio of the pressures approaches unity. 
This follows since the change in vapour pressure 
with the tc'inpc'ratiire is given by 


where A and B are c;onstantK determined 
empirically for each substanc'O, and B is the 
vapour pressure at the absolute temperature T. 
If log P is plotted against 1/T for a number of 
substanc’cs, a series of straight lines is obtained 
radiating from points close together on the log P 
axis (where 1/T--0 and log P==A). Thus as 
T rises {i,e. 1/T approaches zero) the lines 
approach one another. It follows, then, that 
in this region the value of log P]/B 2 approaches 
zero and Pi/Pg consecjucntly approaches unity. 
When Pg and Mg refer to water. 

At PtM, 

Ag PgMg 


Aj PJ), PjM, 

A 2 PgDg PgMg 

A variation in calculating the composition of 
the vapour in equilibrium with a pair of non- 
miscible liquids is recorded by Young (“ Frac¬ 
tional Distillation,” London, 1903; “Distilla¬ 
tion Principles and Processes,” London, 1922). 
Calling Da and Db the vapour densities (relative 
to hydrogen) of the two substances A and B 
respectively and Pa and Pb the vapour pressures 
of the respective liquids at the temperature 
then in 1 litre of the mixed vapour there are 
present 1 litre of A at t° and Pa mm. and 1 litre 
of B at t° and Pb mm. If we assume that 1 litre 
of hydrogen at 0° and 760 mm. weighs 0-0899 g., 
then the masses of the two substances in the 
vapour will be 

0-0899Da -- 


and 


00899Db 


(2734-0760 

273Pb 

(2734-0760 


the efficiency of steam distillation will be greater 
the higher the temperature or the greater the 
pressure at which the steam distillation is carried 
out, Le. where Pj/Pg approaches unity. In 
actual practice it is often convenient to use 
high-pressure steam in a still which works at a 
lower pressure than that of the steam. The 
temperature of the steam is reduced on account 
of the work done by the steam in expansion 
against the pressure of the still. 

Partially Miscible Liquids. —There are 
two aspects of the case of partially miscible 
liquids to be considered, viz. (a) liquids which 
are partially miscible at one temperature, but 
completely miscible at other temperatures, e.g. 
nicotine and water; (6) liquids which are 
miscible at certain concentrations, but which 
become only partly miscible when excess of one 
or other of the components is present, e.g. ether 
and water. 

In case (a) as long as the liquids are completely 
miscible the vapour pressure-composition rela- 
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tions and consequent behaviour on distillation 
will be similar to one or other of the cases of 
completely miscible liquids which is considered 
later, i.e. in general, on vaporisation, the vapour 
will be richer in the more volatile constituent 
and it is possible to effect separation by frac¬ 
tionation. The same reasoning applies in case 
(h) as long as the components are completely 
miscible. The remaining aspect of the ease of 
partially miscible liquids (viz. where the system 
consists of tw'o liquids which are soluble in one 
another only to a limited extent and exist in tw^o 
layers as mutuall}^ saturated solutions) can best 
be examined by (^onsidcuing concrete (examples. 

Ether and Water.—When ether is added to 
water so that a solution of ether in w^ater is 
formed, the vapour pressure of the mixtur(‘ 
varies with its composition as indicated by the 
line OM in Fig. 2. A point w ill be reached w here 



Fia.2. —Vapour Pressure-Composition Curve 
EOR Partiali.y Miscible Ljquii>s. 

the water becomes saturated with ether (at a 
concentration of approx. 7% ether) and where 
an upper layer of ether saturated with water 
appears as an a(hlitif)nal jdjase (corresponding 
to the point M). Further addit ion of ether alters 
only the relative amounts of the* two phases 
until enough ether has been added to dissolve all 
the water (corresponding to the j)oint N) and a 
solution of w^ater in ether results. As long as the 
conjugate solutions {i.e. tw^o mutually saturated 
solutions in C(piilibrium) exist in an enclosed 
space, the vapour pressure of the mixture at a 
given temperature remains constant. In other 
words, the vapour pressure remains constant 
over the range of composition represented by 
the line MN. The composition of the different 
layers is represented by the points M and N 
respectively. The vapour pressures of the two 
layers are equal owing to the fact that they exist 
in equilibrium with one another. The partial 
vapour pressures of the two components are 
also the same, whether they be thought of as 
existing in one or other of the layers. On 
account of the fact that (considering one layer) 
the vapour pressure of the water is lowered 
owing to the presence of ether and that also 
(considering the other layer) the vapour pressure 
of the ether is low^ered owing to the presence 
of water in solution, the total pressure of the 
system is, in general, lower than the sum of the 
vapour pressures of pure ether and water (at a 
particular temperature). It is interesting to 
note that the total vapour pressure, in this 
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case, is less than that of the more volatile 
component, viz. ether. 

The behaviour of the partial vapour pressures 
of the components in the system during th(* 
change in composition of the mixture deserves 
examination. When ether is added to water 
the vapour pressure (at a particular tempera¬ 
ture) of the latter falls more or less in ac^cordancc 
with Kaoult’s Law (viz. the partial vapour 
pressure of a component in a mixture is e‘(jual to 
the product of the mol fraction of the com¬ 
ponent in the mixture and the vapour pressure 
of the pure component). This is slu)wn 
(diagrammatically) by the line CM in Fig. il. 

The vapour pressure of the ether similarly 
progressively rises as shown by the line AI\F. 
As so(jn as the water becomes saturated with 
ether and two conjugate or mutually saturated 
solutions api)ear, then the partial pressures of 
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water ether 

Fig. 3. —Partial Vabour Pressure-CJom- 
PosiTioN Curve for the (Components of 
Partially Miscible Liquids. 

both the water and other become resi)ectively 
constant as indicated by the lines MK and M/K'. 
The total vapour pressure of the system (viz. 
MK+M'K) also bet'ornes, as already stated, 
constant. It follow^s, further, that the partial 
vapour jiressure of the water in tlui layer con¬ 
sisting of a saturated solution f)f ether in (a 
relatively large amount of) w'ater is the same as 
that in the layer consisting of h saturated 
solution of water in (a relatively large amount of) 
ether. If this were not the case distillation 
w'oidd occur from one liipiid phase to the 
other. The same holds true for the vapour 
pressure of the ether in the two layers. This 
phenomenon of conjugate solutions in the case 
of ether and water was first demonstrated 
experimentally by Konowalow (Wied. Ann. 
1881, 14, 219). It may be noted here that the 
line BK will indicate the rate of increase of the 
partial vajiour pressure of the w ater. This rate 
of increase is greater than would be expected 
from Raoult’s Law. If the partial vapour pres¬ 
sure of the water in solution in the ether changed 
in accordance with Raoult’s Law the variation 
w^ould be indicated by the continuation of the 
straight line CM to B. The vapour pressure of 
the water in solution in other may be said to be 
abnormally high and hence, as explained later, 
the volatility of the water will be abnormally 
high. The line K'D will indicate the partial 
vapour pressure of ether in a solution of water 
in ether. 
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llie above effect iM'conies even more .striking 
when considered for pairs of liquids in which iho 
mutual solubility is very low, e.g. benzene and 
water {sec Taylor, “ A Treatise on Physical 
Chemistry,” T^ondon, 1924, p. 898). 

Benzene and Water. —The solubility of 
water in benzene at 25"^ is only 0-07%; that of 
benzene in water is of the same order, yet the 
vapour pressure of benzene in the phase, contain¬ 
ing only about 0*1% of be nzene is exactly ecjual 
to that in the phase containing 99-98% of 
benzene, i.c. practically as high as that of pure 
benzene. The vapour prcssuie of the water in 
the “ benzene ” layer is the same as that in the 
“ w^ater ” layer and also the rate of change of 
the partial vapour pressure- with the pre>portion 
of w ater in the “ benzene- ” layer is mue-h greater 
than would be expee-ted lre)m Kaoult’s Law-, 
that is, the vapour pressure is abnormally high. 
This holds true of water (in, e)f cenirse, le)W' e-on- 
centration) in se)lutie)n in benzene when the 
volatility of the water is abnormally great {sec 
note on Volatility and Relative \'e)latility later). 
Although the be)iling-pe>int of water is 2(C abovc- 
that of benzene, on va]K)risation of benzene- 
containing a little wate'r in solution the e‘e)n- 
centration of the water in the- equilibrium vape>ur 
is greater than that of the benzene, anei, in lae t, 
benzene saturateei with water may be ele-hy- 
drated by simply elistilling about of the 
mixture ow-ing te) the abne)rinally high veelatility 
of the w ate-r in the sedation. The- fae t that the* 
concentration of water in the va])e>ur over a 
dilute solution of wateT in be-nzene is greater 
than that in the liejuid may also be e-x])laincd by 
saying that benzenes and wate-r fe)rm an azeotre)pe 
of maximum vapour jiressure-. The; cemeentra- 
tion of this azeotrope (behavijig as a, pure e-om- 
j)e)n<-nt) in the vape)ur will be gre-ate-r uneler the- 
abe)ve conditions than that e)f the benzene and 
(for a eompeesitie)?! e)f the liejuid as abe)ve) will 
i)e such that the e-oneentration e)f the water in 
the vapour is greater than in the liejuiel. The 
liquid-vapour eejuilibriuni e-urve {see later for 
definition) for this e-ase will therefeu-e aj)j)re)\i- 
mate to curve (II) iii Rig, 11 (j). 48). This 
case, along with the former and following 
examples of partially miscible liquids, will be- 
consielercd again imder the heading of Partial 
Miscibility and Azeotropes. 

Fractionation of Aniline in Aqueous 
Solution. —Another example of the effect of 
mutual solubility is the case ol‘ aniline and 
water. Although for a given temj)eraturo the 
vapour pressure of aniline is lower than that of 
water, aniline in dilute aquee)us solution can be 
said to exert an abnormally high vapour 
pressure and is relatively more volatile than 
water. In other words, the vapour given off 
from a solution of aniline in water is richer in 
aniline than the solution itself. Such a solution 
on distillation through a suitable fractionating 
column will give rise to a distillate substantially 
rich in aniline which if allowed to stand will 
separate into two layers, viz. a layer of aniline 
saturated with water (which may be regarded 
as the product of distillation) and a layer of 
water saturated with aniline. This layer may be 
returned to the column as reflux at the appro¬ 
priate point (Walker, Lewis and McAdams, 
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] “ Principles of Cliemicai Engineering,” New 
York, 1927). 

j It is assunu-fi here that if a fractionation of a 
solution of aniline in water bo conducted in a 
continiKJUs manner then the function of the 
plates immediately above the feed point is to 
concentrate the aniline until such time as 
mutually saturated solutions of aniline and water 
are formed. 8uch solutions would, of course, 
boil at constant tem])erature and give rise to 
vapour of constant (-omposition. In theory 
this point would be at the topmost plate of 
the column and the vapour from the liquid here 
would on condensation give rise to mutually 
saturated solutions of aniline and water. The 
plates below^ the feed plate would then act as 
stripping plates and remove the last traces of 
aniline from the water, the latter being 
discharged substantially free from aniline at the 
bottom of the <;olumn. I’lic fact that aniline 
occurs in increased concentration in the vapour 
phase when a solution ol’ aniline in w-ater is 
va})oriscd points to Ihe existence of an azeotrope 
of maximum va})our ])ressure. 7’he liquid- 
^a])our e(]uilibrium <‘ur\(; for anilint- and water, 
v\hich would also a})])ro.\imale to (-urve (11) in 
Rig. II, should tlu'M {‘ut tlu- diagonal (or more 
correc-tly the lb" Inu-) at some point. 

Distillation of Conjugate Solutions.— 
The composition of the vapour (-xistiug in 
ecjuilibrium with mutually saturated solutions 
can be calculated along lim*s already indicated 
for the case of immiscible liipiids provided that 
the mutual solubility is not too high. If 
tlu- latter is tlu; cfise the concentrations of the 
components in the vaj)our would usually be 
tletermined expc-rimentally {see note later on 
va]>our compositions). 7'he va,])our c-omiiosition 
will be const ant as long as tlu- conjugate solu¬ 
tions exist. The case may also b(; examined 
generally with the aid of a temjierature- 
composition diagram (Perry, ” C4iemi('al 
Engineer’s Handbook,” New' ^birk, 1984). A 
typi«*al diagram is given in Rig. 4. 

77ie (-om])OHition (of both the licjuid and vapour 
phases) (-an best be expressed in mol fractions ^ 
of the mort; volatili; component. 77io curve ab 
gives the boiling-points of mixtures (relatively 
poor in the more volatile component) as long as 
they are completely mis(;ible. The curve ac 
gives the vapour compositions for equilibrium 
conditions at corresponding temyierat urea. Thus 
a liquid of compositicjn boils at and the 
vapour in equilibrium with it is of composition 

^ Mol Fraction and Concentration. - A mol ol any 

sub8(aiic(; may be doHiied as the (iiuuiMty (jf the sub- 
staneo whose weifiht in urarnmes (or other convenient 
units) is e(iual numerically to its molecular w('ight. In 
a homogeneous mixture the mol frac^tion of any (;om- 
])onent will be the number of mols of that component 
divided by the sum of the number of mols of all thi; 
components. Thus ii JNj, Ng, etc., are the nundier of 
mols, Mj, Mg' the molecular weights and Wj, Wg, 
etc;., the weights of components in a mixture, then the 
mol fraction of component (1) is 

Ni Wi/Mi 

Ni-i-Ng-f . . .""Wi/Mi + Wg/Mg ( . 

The mol percentage Is the mol fraction multiplied by 
100. Tlie mol per c(;nt. may also be defined as the 
number of molecular wciglits of the (;ompoiient of the 
mixture in wiiich the sum of the molecular weights 
of the components is taken to be KiO. 
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Cg and as indicated by the diagram will be 
richer in the more volatile component. Similarly 
for liquid mixtures relatively rich in thtj more 
volatile component and completely miscible ; 
curve eg is the boiling-point curve and eg the 
vapour composition curve. A liquid of com¬ 
position C 2 boils at and gives a vapour of 
composition Cg. For licjuid (‘(impositions (corre¬ 
sponding to the range ft-e, i.e. where the 
conjugate solutions exist, the mixture will boil 
at constant temperature and the vapour will 
have a fixed composition, viz. that corresponding 
to c. 

As long as the conjugate solutions exist the 
liquid, during distillation, will have a constant 
boiling-point and the composition of the 
distillate will be constant. The same conclusion 



Fig. 4.—Tempekatube-Composition Diagram 
FOR Partially Mtsctbt.e Liquids. 

is arrived at when the cease is examined from 
the standpoint of the j)haHe rule. When the two 
liquid phasc^s are j)resent the total number of 
phases is three, and since there are two com¬ 
ponents, then the number of dc^grees of freedom is 
one. For a given preKsur(^ c.c/. atm()H])h(‘ri(‘, 
the equilibrium temperature is fixed, as is also 
the composition of the vapour phase and 
consequently the distillate. If conditions are 
such that only one liquid j)hase is present, 
then the system becomes divariant and for a 
given pi’essure the temperature and composition 
may be varied independently over a wide range 
without causing disappearance of any of the 
existing phases or the appearance of a new 
one. Therefore, to sj)ecify fully the system for a 
given pressure both the temperature and the 
composition of the liquid or vaj)our must be 
given. For a two-component and two-phase 
system of this nature when the pressure is fixed 
at atmospheric the equilibrium temperature {i.e, 
the boiling-point) will vary with the composition 
of the liquid. The phase rule, of course, does 
not indicate whether the boiling-point will 
increase or decrease as the composition is varied. 
The effec t of this variation on the vapour pres¬ 
sure and consequently on the bcjiling-point for a 
number of completely miscible volatile liquids 
may be quantitatively deduced by the aid of 
Raoult’s Law. This law may be taken to be a 
particular case of Henry’s Law, whic^h states that 
the partial vapour pressure of a component is 
proportional to its concentration in the liquid. 
The two may be differentiated by stating that 
Henry’s Law applies to the solute and Raoult’s 
to the solvent (i.e. component present in large 
excess). Raoult’s Law has been defined earlier. 
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Ternary Azeotropefi and Partial Miscibdiiy, 
The occurrence of partial miscibility is of interest 
ill connection with azeotropic^ mixtures. In 
three-component mixtures it is frequently 
found that one pair of liquids and, in somc^ 
cases, two pairs of the licpiids form constant- 
boiling azeotropic mixtures. In the latter case 
azeotropic mixtures of the three components will 
be obtained. The occurrence of ternary azeo¬ 
tropes is very common where one of the com¬ 
ponents exhibits partial miscibility relative to 
the others; e.g. the system benzene, ethyl 
alcohol and water has a ternary azeotrope 
which incidentally has a higher vapour pressure 
and a lower boiling-point than any of the pure 
components or their binary azeotrojics, and 
contains more water than the binary azeotrope 
of alcohol and water. This ternary azeotrope of 
alcohol, benzene and water discovered by Young 
is utilised in modern continuous processes for the 
production of absolute alcohol {see Reilly, “Dis¬ 
tillation,” London, 193b). In some cases the 
presence of a partly solulile component and a 
binary (constant-boiling mixture does not pro- 
du(;e a tiTuary azeotrope or constant-boiling 
mixture (C.R.M.), e.g. ?wamyl alcohol is ]iartly 
soluble in water ancl ethyl alcohol and forms a 
with water, but in the system isuamyl 
alcohol, ethyl alcohol and water no ternary 
C.B.M. is formed since the ethyl alcohol and 
water C.B.M. has a lower boiling temperature 
than the /A'oamyl alc(diol and water mixture in 
the preseiH'c of ethyl ahjohol. Advantage is 
taken of this in the separation by Iractionation of 
Lwamyl alcohol (occurring with t'thyi alcohol and 
water) in fusel oil. The latter constitutes the 
” tail 2 >J’oducts ” obtained in alcohol rectifica¬ 
tion. The behaviour of fusel oil in an alcohol 
rectifying column is also of interest from the 
point of view of volatility, since its (‘onstituents 
are only partially miscibh^ with water. One of 
the constituents, viz. the amyl alcohol, may be 
considered. This constituent boils at about 
J3L, but it is only sparingly soluble in water and 
therefore, as indicated earlier, its volatility 
relative to water is abnormally high. If in an 
alcoh(d rectifying column, as pointed out by 
Walker et al. [op. cit.), the amyl alcohol be sup- 
jjosed to get down to the lower plates in the 
column where there is practically nothing but 
water, then owing to the fact that under these 
circumstances amyl alcohol is relatively more 
volatile than water the alcohol will be carried up 
the column. In this instance again, the high 
con(;entration of amyl alcohol in the vai)our may 
be explained by saying that an azeotroj^e of 
minimum boiling-jioint is formed. With this 
composition of the liquid the concentration of 
the azeotrope (considered as a pure component) 
in the vapour will bo relatively high and the 
amyl alcohol concentration in the vapour will 
be greater than that in the liquid. 

There exists at the top of the column nearly 
pure ethyl alcohol, with which amyl alcohol is 
completely miscible. The volatility of amyl 
alcohol relative to ethyl alcohol will be normal, 
i.e. it will be less volatile than ethyl alcohol. 
For this reason the amyl alcohol is carried down 
the column with the reflux. It is obvious then 
that the amyl alcohol will concentrate in the 
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middle of the (H)IuTnn. In a continuous process 
the concientration becomes sufficiently high to 
permit the fusel oil to be removed from the plate 
in the middle of the column at which it con¬ 
centrates. The liquid removed contains ethyl 
alcohol and water, and fractionation in a 
separate column is employed to remove these. 
In ordinary alcohol rectification it is difficult to 
obtain ethyl alcohol entirely free from the 
higher-boiling alcohols of the tail products. This 
is due to the fact that the boiling-points of the 
azeotropes (of the higher alcohols with water) 
are relatively not far removed from the alcohol- 
water azeotrope (l).p. 7815"'C.). The boiling- 
points of the azeotropes of propyl, /.sobutyl and 
evoamyl alcohols are approximately 
and 95'^C. respectively. 

A better separation of ethyl alcohol from tlie 
higher alcohols can be effected (private (‘om- 
munications from Messrs. Distilleries dcs Deiix- 
S6vre8, Melle) if conditions be so arranged that 
water is not present, as is the ease in one of 
their processes for the production of absolute 
alcohol Reilly, op. cit.). The boiling-point 
of ethyl alcohcjl is 78-3"C., while those of propyl, 
^«fobutyl and /'.s'oarnyl alc^ohols are 9(r, 106'’ ami 
]3D respectively. The differences in the boiling- 
points of the constituents in the latter ease are 
much greater than those for the corresponding 
azeotrope constituents when water is j)resent. 
The difference in boiling-points compared with 
that of the ethyl constituent wlien water is 
present is 7'’, 12“ and 17° respectively and 
becomes 18°, 28° and 53° in the anhydrous 
medium, with consccpient improvement in the 
ease of separation. 

Boiling-points and Fractionation.—It has 
been indicated above that substances with 
relatively greatly separated boiling-points are 
more easily fractionated, since generally speaking 
the constituent with the highest vapour pressure 
occurs in greatest concentration in the vapour 
phase, the mol fraction of it in the vapour 
phase being proportional to its partial vapour 
pressure. The greater the differen(;e in vapour 
pressures or, as it has been regarded above, in 
the boiling-points, the greater the differences in 
concentrations in the vapour phase and the 
greater the ease in separation. This is W'ell 
illustrated in the cases of mixtures of {a) ethyl 
alcohol and a little w ater, {b) w-hexane contain¬ 
ing a little benzene, (c) butyric; acid and w^ater. 
The binary mixture of alcohol and w ater formed 
at reduceci pressures contains only small amounts 
of water and in practi(;e anhydrous alcohol is not 
easily separated by distillation under these 
conditions from alcohol containing a little 
water. In this c;ase the effective comy)onent8 
{see later) are {a) the azeotrope and {h) pure 
alcohol. 

The difference between the boiling-points of 
absolute alcohol and e.g. 99-5% spirit is very 
small. Under a pressure of 94*9 mm. the binary 
azeotrope containing 0*5% of water has a boiling- 
point only 0*03°C. lower than that of pure 
alcohol. The behaviour of pure al(;ohol contain¬ 
ing a little water is similar to that of r/-hexane 
containing a little benzene or that oi‘ dilute 
butyric acid (under normal pressure). In each 
case the curve relating the difference in boiling- 
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points of the effective (;omponent8 and the liquid 
composition will approximate to that shown in 
Fig. 4a. 

Separation of alcohol, w-hexane or w^ater from 
the respective mixtures is almost, if not quite, 
impossible, whereas that of water, benzene or 
butyric acid from mixtures rich in these sub¬ 
stances can be effected. Young (J.C^S. 1898, 



Butyric acid respectively in the mixture 


Fig. 4a. 

73, 923) points out that when a liquid contains 
two components which are capable of forming an 
azeotrope it is only possible to 8ej)arate, from the 
azeotrope, the comjionent W'hi(;h is in excess and 
that in some cases this is not feasible v hen the 
boiling-fioints are close together. Thus, as 
indicated above, it is scarcely possible to separate 
??-he*.xane from a mixture containing 2% of 
benzene because the boiling-points of Ti-hexane 
(68*95°) and of the binary azeotrope of a-hexane 
and benzene (b.p. 68*87°) differ by less than 
0 *1°. If the liquid mixture contained, however, 
50% of benzene, a small quantity of benzene 
(b.]). 80*2°) could be separated from the azeo¬ 
trope (the proportion by weight of benzene in 
the azeotrope is approximately 19%). Similar 
considerations apply in the case of ethyl alcohol 
and water. In cases wdiere azeotropes are 
formed, as with ethyl alcohol and water, the 
azeotrope may be regarded as a “ component ” 
and as a rule the separation of the azeotrope may 
be effected by fractionation (.see later). 

CoMPLETEi.Y Miscible Liquids.— The vapour 
pressure of each component of miscible li(juids 
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Fio.5.— Vapour rHKssuKE "(V)MPOSITION Curve 
FOR (’oMn.ETKi.v Miscible Liquids. 

is diminished by the prt^sence of the others so 
that the total vapour pressure of the mixture is 
less than the sum of the vapour pressures of the 
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components (at the same temperature). As a 
rule, the curve showing the relation between the 
vapour pressure of the mixture and the com¬ 
position of the liquid may be referred to one or 
other of the three types as shown in Fig. 5. 

The abscissas give the composition of the 
different mixtures of A and B ; thes(^ being two 
liquids of wliich B is the component of lower 
boiling-point. The ordinates represent the 
vapour pressures of the different mixtures. 
These curves will now be considered in detail. 

AzE(yrKorEs of Minfivtitivi Vapouk J*kessuke. 
— Curve (1), ij‘. indicating the existence of a 
mixture of A and B (id‘ coinposition represented 
by K) which has a, minimum vapour pressure, 
i.e. a vapour pressure smaller than and a boiling- 
point greater than any other mixture of A and B. 
An example would be a mixture of acetone and 
chloroform. The behaviour on distillation of a 
pair of licjuids exhibiting the existence of an 



Fig. 6 . — Temperature-Compositjon Curves 
FOR Liquids Forming aj^ AzE(mtopE of 
Minimum Vapour Pressure. 

azeotrope of minimum vu})our pressure t)r 
maximum boiling-point may be considered by 
examining graphically the composition of liquid 
and vapour existing in equilibrium at the 
temperatures of the boiling-points of the 
different licjuid mixtures, (The (‘urves may be 
referred to as temperatiire-eomposition curves.) 
The tem})eraturc-composition curve for j)airs of 
liquids exhibiting formation of an azeotrope of 
minimum vapour pressure may be taken to 
approximate to that of Fig. fi. 

The lower curve in Fig. ti gives the boiling- 
points (at some particular pressure, e.g. 7()0 mm.) 
ofmixturesof different compositions. The upper 
curve gives the composition of the vapours which 
the different liquid mixtures give rise to at their 
respective boiling-points. Tlie compositions in 
each case may be expressed as mol fractions 
or as mol 2 )er cent, of the lower boiling-point 
component. Thus a liquid of composition N 
will boil at and the resultant vapour will 
have the composition M, i.e. poorer in the low 
boiling component. (This is discussed later 
under the heading of Volatility and Relative 
Volatility.) The boiling-point curve passes 
through a maximum at the point corresponding 
to the liquid comiKJsition P. The liquid and 
vapour curves are tangential at this point; 
t he liquid and the vapour which arise at P have 
the same composition, viz. the composition of 
the azeotrope. If the liquid composition is that 
of the azeotrope and the temperature be raised 
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to the boiling-point, the mixture will distil 
unchanged at constant temperature. For liquid 
compositions to the right of P {i.e. containing 
greater proportions of the lower-boiling com¬ 
ponent than the azeotrope) the boiling-point 
will again alter continuously with the composi¬ 
tion ; a liquid of comj)osition L will boil at a 
temperature /g ‘i-Gd give rise to vapour of com¬ 
position R, i.e. richer in the low^cr-boiling com¬ 
ponent, the volatility of which may now be 
termed normal. 

It is convenient from the point of view of 
fractionation to consider the binary azeotrope 
behaving as a pure component, 'fhus in a 
mixture of acetone and chhn-oform the effective 
components may be taken to be (1) the binary 
az<'iotrope (of composition ().5-5 mol per cent, of 
chloroform and 34-5 acetone) and (2) one of 
the pure components, depending on which is in 
excess of the azeotrope composition in the liquid. 
In general it may be stated that where a pair 
of liquids exhibit the formation of an azeotrope, 
then any mixture of these two liquids may be 
s(‘parated by fractionation into (a) th(* azeo- 
trof)e, (h) one of the pure com])oncnts. The 
fact that li(juid mixtures of acetone and chloro¬ 
form containing less than 34*5 mol [ht (;ent. of 
acetone give rise to vapour jioortT in acetone 
than the liijuid (as indicated by the experimen¬ 
tally determined liquid -vajunir eciuilibrium 
curve) may b(*. explained as follows : The liquid 
may be considered to be made up of two com¬ 
ponents, (1) the azeotrope, (2) cldoroform. The 
vapour pressure of (1), b.p. G4'7'^’(\, will be lower 
than that ot {'2), b.p. Gl*2"(^, and will occur in 
decreased coneentration in the vapour phase 
since the proportions of (1) and (2) in the vapour 
will be as their })artial vapour ])r(issujes. The 
vayjour will thmi be poorer in acetone than the 
liquid. The azeotrope can, of course, be separ¬ 
ated from the ex(^ess of chloroform by fractiona¬ 
tion. Hirnilar considerations may b(^ applied to 
liipiid mixtures containing acetone in amount 
greater than 34*5 mol jier cent. Here tln^ 
liejuid may be considered as bi'ing made up of 
(a) the azeotrope, (h) acetone (b.p. oii^C!!.). The 
(‘onceiitration of the az(H)trop('i in the vapour 
will be ])oorer than in the liquid, and separation 
of the azeotrope and the excess acetone by frac¬ 
tionation is possible. For any given mixture of 
acetone and chloroform it is, of course, not 
possible by direct fractionation to separate the 
pure components. 

Azeotropes of Maximum Vapour Pres¬ 
sure. —Curve (11) of Kig. 5. This curve indicates 
the existence of a mixture of A and B which has 
the composition corresponding to S, and which 
possesses a maximum vapour pressure and 
consequently a minimum boiling-point. The 
temperature-composition curve for such a 
pair of liquids {e.g. ethyl alcohol and water) 
will be as indicated in Fig. 7. 

The low'er curve in Fig. 7 gives the boiling- 
points of different mixtures of the two liquids. 
The upper curve indicates the compositions of 
the vapour to which the different liquid mixtures 
give rise when equilibrium has been set up at the 
particular boiling-points. As before, the com¬ 
positions are best expressed as mol fractions or 
as mol per cent, of the component of lower 
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boiling-point. The liquid and vapour curves 
reach a minimum and become tangential at a 
liquid composition corresponding to that of 
X, viz. the composition of the azeotrope. A 
typical case of this kind is that of ethyl alcohol 
and water, which form a binary azeotrope of 
minimum vapour pressure. This contains 
under ordinary conditions mol per cent, 

of ethyl alcohol {i.e. 95-()% by weight of ethyl 
alcohol). For liquid mixtures of ethyl ah'ohol 
and water containing smaller amounts of ethyl 
alcohol than 89-43 mol per cent. (i.p.. for com¬ 
positions to the left of X in Fig. 7) the vapour 
will be richer in the component of low er boiling- 
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FlO. 7.-TEMPERATUllE-COxWrOSlTION Cl'KVE FOR 

Binary Mixturp:s forming an Azeotrofk 
OF Maximum Vapour Pressure. 

point, viz. ethyl alcohol. For initial liquid 
compositions greater than 89-43 mol ])(*r cent, of 
alcohol {i.p. compo.sitions to the right of X) 
the equilibrium vapour will be poonT in alctdiol 
than the liquid. A liquid mixture of alcohol and 
water containing 89-43 mol per cent, of alcohol 
will, of course, boil at constant temperature and 
distil ujK-hanged. The effective eomj)onents, 
in the ease wliere the lifpiid mixture contains 
less than 89-43 mol per cent, of alcohol, are 
{a) the azeotrope, b.p. 78-ir)'('., and {h) water, 
b.p. ]00°C. By fractional distillation it is 
possible to separate the azeotrope and water. 
This, of course, is the case, in the rectific-ation of 
fermented distillery “ wash.” Where the licpiid 
mixture contains more than 89-43 mol per (*ent. 
of alcohol the elfective comj)onent8 are (a) tht^ 
azeotrope, b.p. 78-ir>''C^, and (/j) ethyl alcohol, 
b.p. 78-3°C. It is possible to separate in this 
(*ase the azeotro})e and ethyl alcohol. Owing to 
the boiling-points of the effective components 
here being so close together, it is not easy in 
practice, as indicated elsewlnu'c, to fractionate 
this mixture. 

If the alcohol-water azeotrope obtained by 
ordinary rectification <jf fermented wash be 
distilled under reduced pressure the composition 
of the azeotrope will be altered (Merriman, 
J.C.S. 1913, 103 , 628). In practi(*e the point X 
in Fig. 7 will be moved to the right until even¬ 
tually at low pressures (70 mm.) no azeotroj)e 
exists. As the point X moves to the right the 
effective components of the liquid taken (the 
“ 95-6% spirit ”) become (a) water and (/>) a 
new binary azeotrope. As a converse it would 
1)6 expected that increase of pressure would 
move the point X to the loft, and the cfi’ective 


(ompom-nts of the 95-6% azeotro])e wouhl 
then become (a) alcohol and (0) a new binary 
azeotrojie. 

It is of interest to examine systems containing 
azeotropes from the standi)oint of the phase rule. 
In such systems there are two phases (viz. 
li(piid and vapour), and if for a fixed temperature 
the composition of the liquid and vapour phases 
is the same, then the composition may be 
! specified as of one component and there can be 
I but one other degree of freedom. If, now% the 
])reHHure lx*, fixed, then the system becomt^s 
invariant and it is not possible to change the 
composition of the constant boiling-point 
mixture. Changing the pressure will set up a 
lunv stT of equilibrium conditions w ith a change 
in the composition of the mixture. In actual 
practice it is found that mixtures azeotropitr 
under one pressure may not be so under another, 
e.ff. ethyl alcohol and water at riMlueed pressures 
(70 mm.) do not form an azeotrope. The 
composition of the az('otropti may then be said 
to var 3 ^ with its boilirig-point. The latter may 
bo altered by varying the j)ressure or by adding 
a non-volatile 8olut(‘ to the mixture. In this 
conne(-tion it may lx- m>1,e(l that Young (oja. rif., 
p. 61) points out that in a binary azeotrope the 
('oncentration of th(‘ eompojKUjl, which has the 
lower rat(j t)f change of vajx.»ur pressure with 
t('mfx‘rature increases as th(^ ju-essure under 
which the mixture exists is lowered. This, 
h()wc\er, is not tlu- cas<; for tin- (‘th\d alcohol and 
wat(‘r az(‘ot ro])e. Wrew-sky (Z. physikal. Chem. 
1912, 81, J) and Tanaka (Fhem. New's, 1927, 
137, 13; .7. Pa(“. Fng. Tok^m Imp. Fniv. 1927, 
17, 117) hav(‘ poiiitetl out that the concentra¬ 
tion of tlu- component with tlu^ greater lu^at of 
vaporisation im-reases with in(*reaHe of the pres- 
sur(* in the case of azt-otro]>i(‘ mixtures of tlu- 
lower alcohols. 1 n t he lat ter case Wj-i-vvsky adds 
lhat the com-entiation of the conqxment 
diminish(‘s il' the az('otro]X' is one of minimum 
vapour j)ressur(‘. 

Binary Mixtures (No Azeotrope Formed). 
—Curve (III) of Fig. 5. In tliis eas(‘ the vapour 
presHun- f»f the mixture varies })r()gressively 
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Fia. 8 .—Vapour Prk.ssure-Cumposition Curve 
FOR Misoirle Liquids not Forming an 
Azeotrope. 

from that of oue li(|uid to that of the other. 
Mixtures of benzene and toluene, ether and 
aniline give curves i>f this nature. If it be 
assumed that in the ideal ease of this type 
Raoult’s l^aw holds, then the partial vapour 
))ressure of each eompoiK'nt will vary directly 
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with its molecular concentration in the mixture. 
If the two components are A and B, then the 
partial vapour pressure of A will bo represented 
by the straight line RS falling from the value of 
the vapour pressure of A at R to a zero value at 
8 as indicated in Fig. 8. Similarly, the line 
QM represents the partial vapour pressure of 
the component B. The suin of these two partial 
pressures will give the total vapour pressure of 
the mixture, which is, therefore, represented by 
the line KM (the diagram is assumed to be for 
some particular 8uital)le temperature). 

The molecular composition of the vapour 
from a pair of licpiids of this nature will be 
proportional to the partial vapour pressure of 
the components and will, thoreforts b(‘ pro¬ 
portional to the vapour pn^ssiires of the j>ure 
components multiplied by their concentrations 



Fig, 

(a) Vapour Pressure-Composition Curve 
( h) Boiling-point Curve for Liquid Oxyo 
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in the mixture. The vapour will be richer than 
the liquid in the component of higher vapour 
pressure, and separation of the two components 
may be effected by fractionation. Partial vapour 
pressures, as in Fig. 8, may not vap^ in an 
absolutely linear manner, but results similar to 
the above will follow even if the lines RM, QM 
and R8 are curved provided that the line RM 
neither falls to a minimum nor rises to a maxi¬ 
mum between R and M. 

An example will now be considered in a general 
way, viz. liquid oxygen-nitrogen mixtures. The 
change in vapour pressure wdth composition 
of liquid oxj-gen and nitrogen mixtures is 
indicated in Fig. 0 (a) (for 74-7'^ abs.). 

The total vapour pressure;, P, is slightly less 
than the sum of the vai)our pressures of pure 
oxygen and nitrogen at the same temperature 



R Liquid Oxygen-Nitrogen Mixtures. 
[-Nitrogen Mixtures. 


owing to their solubility in each other. P 
changes progressively (curve BD) from the 
vapour pressure of nitrogen to that of oxygen. 
The partial vapour pressures of nitrogen and 
oxygen are indicated by curves BC and Al) 
respectively. Assuming that Raoult’s Law holds 
and if x is the mol fraction of the more volatile 
component in the liquid and y that in the vapour, 
then 

P-a’pN-f ?)o(l-~a:) 

and 

P^—po 

further, y^xpjf/P 


since 




where Rud po are the vapour pressures of 
pure nitrogen and oxygen respectively at the 
particular temperature in question. Similar 
considerations hold for the less volatile compo¬ 


nent (viz. oxygen). The curve MNP in Fig. 9 (6) 
gives the l)oiling-points (at 760 mm.) of different 
liquid oxygen-nitrogen mixtures, and MRP 
gives the composition of the equilibrium vapour. 
Thus a liquid of composition Q boils at and 
gives rise to a vapour of composition 6 (i.e. 
poorer in oxygen) under equilibrium conditions. 
The nitrogen content of the vapour will therefore 
be greater, with consequent possibility of separat¬ 
ing the constituents by fractionation. It is 
improbable that in practice Raoult’s Law 
would enable vapour compositions (such as in 
Fig. 9 (6)) to be predicted over any extended 
range in all cases. A detailed account of the 
fractionation of liquid oxygen-nitrogen mixtures 
is given by Brown (Trans. Chem. Eng. Congress, 
J.ondon, i937, Vol. II, p. 303). 

An account of the experimental methods 
available or of the theoretical aspects of the 
problem of vapour composition for miscible 
liquids will not be given here (see Young, op. 
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cit.. Chapters V, VI, VIII, XVI, XVII, XXVII; 
the last is due to Reilly and Henley). The 
boiling-point curve is usually determined 
experimentally {see Young, oj). cit .; Reilly, 
“ Physico-Chemical Methods,” London, 1933). 
The boiling-point curve at eonstant pressure of 
two liquids whose mixtures follow Kaoult’s 
Law may be determined by the aid of Clapey- 
ron’s equation in conjunction with Raoult’s 
Law (Rolunson, ” Elements of Fractional 
Distillation,” New York, 1934, p. 42). The 
following authorities should be con.sulted: 
the review by Bloomfield (Perf. & Essent. Oil 
Rec. 1936, 27, 131, 177, 284) in which more 
recent work on linear vapour pressure-tem¬ 
perature relationships is reviewed ; 8wietoslaw- 
ski, “ Ebulliometry—The Physical Chemistry 
of Distillation,” New York, 1937; and the 
thermodynamical treatment of distillation theory 
given by Brenstead, ” Physical Clumiistry,” 
London, 1937. 

Liquid and Vapour Equilibrium Curves. 

—In conneetion with equilibrium data for the 
compositions of liquid and vapour in contact it 
is sometimes of value to determine or represent 
graphically the composition of the vapour (ex¬ 
pressed in terms of mol fractions of the more 
volatile component) arising from a liquid of 
varying composition (also expressed in mol 
fractions of the more volatile component) at 
some particular pressure. In other words, 
the pressure is fixed and the mol fraction of 
the more volatile component in the vapour phase 
is plotted against the equilibrium concentration 
(expressed similarly) of the same comj)onent in 
the liquid jdiase. These diagrams may be 
referred to as liquid-vapour equilibrium or 
x-y diagrams. ]f it be desired to ascertain the 
boiling-points of the difi'erent mixtures in the 
x-y diagram then a sejiarate boiling-point 
versus composition diagram will have to be 



Fig. 10.— Liquid-Vapour Composition Curve 
FOR Benzene-Toluene Mixtures. 

determined. The liquid-vapour equilibrium 
curve is of use in the design of fractionating 
columns {see McCabe and Thiele method). (For 
the experimental determination of these curves, 
see Young, op. cit. ; Othmer, Ind. Eng. Chem. 
[Anal.], 1932, 4, 232.) 

The liquid-vapour equilibrium curve for 
benzene and toluene mixtures is shown dia- 
grammatically in Fig, 10 for pressures of 760 
mm. and 100 mm. at the respective boiling 


temperatures. The deviation of the x-y curve 
from the diagonal in Fig. 10 is a measure of the 
ease of separation, since if there were no differ¬ 
ence in the composition of the liquid and vapour 
phases the x-y curve would correspond to the 
dotted diagonal line in Fig. 10. It will be 
observed that the concentration of the more 
volatile component in tlu^ vapour phase is 
greater at 1(X) inm. than at 760 mm. pressure for 
the same liquid composition. Thus the differ¬ 
ence in volatilities is greater at the reduced 
pressure. 

Volatility and Relative Volatility.— 

The term volatility is used to compare the 
va])our pressure of one pure substance with 
that of another; the material having the higher 
vapour pressure at a particular temperature 
being the more volatile. It has been pointed 
out that vapour pressure alone does not define 
the ease of separation by fractionation owing to 
the fact that the vapour j)ressuro of each con¬ 
stituent is lowered by the presence of the 
others. Definitions of volatility and relative 
volatility which have definite physical meanings 
have been put forward (Walker, Lewis and 
McAdams, op. cit.). According to these the 
volatility of any component in a homogeneous 
liquid mixture may be defined as its partial 
pressure in the vapour in equilibrium with that 
mixture divided by its mol fraction in the liquid. 
Thus pjxi, when^ iq is the volatility of a 
component, x^ its mol fraction in the liejuid and 
pj its partial vapour pressure (at a given tem¬ 
perature). 

If th(^ component obeys Raoult’s Law in the 
mixture, then p^- l\:rj, where is the vapour 
pressure of the pure component at the saim^ 
temi)erature, and it follows that the volatility 
is numerically ecpial to the; vapour pressure Pj. 
If the compoiK'iit follows Henry's Law, then 
and the volatility at any given 
temperature is numerically equal to 4% where 
Ic is th(i Henry’s Law eonstant for that tem- 
peratur(‘. 

If the substance be in the pure state {i.e. the 
“ mixture ” contains 100% of the substance) its 
volatility is the same as its vapour pressure. 
This is also the case where the component is in a 
mixture and obeys Raoult’s Law (as above), and 
its volatility may be termed normal in contrast 
to the following two cases. 

If the partial pressure of the component be 
lower than that indicated by Raoult’s Law 
{e.g. hydrogen chloride in dilute aqueous solu¬ 
tion) the volatility, according to the above 
definitions, is less than that of the pure substance 
and may be termed abnormally low. Pure 
hydrogen chloride boils at ~83*7^ and thus its 
vapour pressure, at a particular temperature, 
may be considered as being greater than that of 
water. Yet for dilute aqueous solutions of 
hydrochloric acid the vapour evolved contains 
more water than the liquid, i.e. the volatility of 
hydrogen chloride relative to water under these 
cpnditions is abnormally low. This case, as 
well as the following case, will be also con¬ 
sidered in the section dealing with the liquid 
and vapour equilibrium curves for azeotropic 
mixtures. In a similar way, if the partial 
pressure be greater than that corresponding 
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to the value predicted by Raoult’H Law the 
volatility may be termed abnormally high. 
Walker e.i al. {op. rit.) point otit thaf the volatility 
of a Bubstaiice in mixtiir(‘H in not of neccBsity 
constant ev(m if the ternp(Tat urc be kc'pt con- 
Htant, but d(‘[)en(lK on th(^ character and amount 
of the component. 

According to the above (•oncc[>tions iclalivt* 
volatility (a) may be (h^lincd as the volatility of 
one component divided by that of tin* other, 
viz. 

« f'llf'2 .( 1 ) 

For binary mixtures r, p]/.^i 
and p.J.v.y 

whcu'c is tlic mol fraction oi' the other 
component, which is etjual to (1- .r^). 

Now, Hinc(‘ 

P1 / P2 .^1/2/2 ” 2 /i) 

where v/j is the mol fraction of the component 1 
in th<‘ vapour, 

« »V'’2- LVi/(1-.¥i)JI(I -ri)/-'-.! • (2) 

For components which follow JIaoult’s Lau, 
a -Fj/ 1 ‘ 2 , where is the vapour ])reHHure ol the 
component 1 and 1*2 is that of compoiu‘nt 2 (at a 
given temperature). 

In the ease of an azeotropic mixtiin^ at the 
point where it boils at constant temp<*rature 
th(i composition of the liipiid and vapour phas(‘s 
is the same, and since .r^ and 1/1 in (2) would in 
this case be i(h‘ntical, it follows that a^l. 
In other wairds, the xolatiliticvs ar(‘ tlui .same, 
and the pure components cannot be separated. 
SubHtanci'H which are easily R(‘])arable have 
large values of a, i.e. th(' volatility of 
tlie more volatile coin])()nent is the numerator 
in(l). 

Similarly to vajiour pressure, volatility in¬ 
creases rapidly with rise in temperature. On 
the other hand, the ratio of the v apour jiressures 
of pure substances does not change rajudly with 
temperature, ami this aisc) holds Jbr relalive 
volatilities. Vapour pressures always incnM.se 
with temperatun*, but relative volatilities may 
rise or fall depending on the nature of the 
components. Generally speaking, the effect 
of an increase in temperature is to decrease the 
relative differences in volatility and, conversely, 
a lower vaporisation temperature usually in¬ 
creases the volatility differences. This indicates 
that separation of components exhibiting but 
small differences in volatibty at ordinary tem¬ 
peratures may be facilitated by fractionation 
under a vacuum. The increase in volatility 
differences under a reduced pressure is illus¬ 
trated in f'ig. 10, where it will be seen that 
benzene is relatively more volatile at 100 mm. 
than at 700 mm. 

An interesting application of volatility con¬ 
ceptions is due to Craven (Ind. Chem. 1933, 9 , 
414), who deals wdth the third component 
method in fractional distillation by considering 
its effect on the relative volatility of the two 
components it is desired to separate, and 
tentatively estimates the probable effect of sub¬ 
mitting a binary mixture to a distillation Uvsing 
a counter-current stream of a third liquid 
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down the column. If a small amount of the 
mixture is vaporised the molecular amounts of 
each component present in the vapour will Ikj 
(1 ) proportional to its concentration in the 
lijpiid mixture and (2) proportional to its 
volatility, which is expressed by an arbitrary 
constant. 1 f 

:r mol fraction of the more volatile 
component.y in the binary liquid 
mixture, 

N mol fraction of the more volatile com- 
})onent in th(‘ vapour at equilibrium, 
and 

« the relative* volatility, so that the ratio of 
the volatility of the more volatile com¬ 
ponent to that of the other is a/1, 

then it will follow that tlie jiroportion of the 
more v^olatilc component distilled^- a.c inols ; the 
proportion of the less volatile compoiK'iit dis¬ 
tilled- 1(1 —U-) mols ; and 

X=ar/l-f(a-l).r .... (3) 

The* value of a can be derived at any part of 
the liquid-vapour ecpiilibriuin curve, (/.c. X 

})Iotted against ;r). In this case it is of more 
conc(‘rn to <*alculate a for the conditions per¬ 
taining at the head of tin* column where the 
third comjKUHmt enters and the separation of a 
small quantity of tin* less volatile component is 
being effeeted. When tin* ])ro|)ortion of the less 
volatile conqionent is small it may be shown 
from (3) that 

a-{l-.r)/(l- X) .... (4) 

It follows from (4) that tin* value of a may be 
d(dermined by distilling mixtun's (ontaining 
very small ((iiantities of the less volatile c-om- 
porient under “ no reflux conditions wliieh ean 
be exp(‘rinu*ntally realistic! by surrounding a 

distillation apparatus with an air jacket at 
substantially the temperature of the vajiours. 

The ea.se of a homogeneous binary mixture of a 
more volatile component A with a less volatile 
component R from wbieb A and R are to be 
st'parated by using a third component f’ has also 
been considered by Craven {he. rit.). For the 
binary mixture of A and R the relative volatility 
of A to B may bt* written (C being etpial to 
0). Jf the mol fraction of C be increased to 
nearly unity it may be considei'cd that the 
mixture now consists of a very dilute solution of 
A in C mixed with a very dilute solution of B in 
C. It now may be assumed that the vapour 
(‘volved from this dilute mixture will contain 
the same proportions of A and R as those which 
would be evolved from separate dilute solutions 
of each in (\ 

If aj” is the relative volatility of A to C when 
C/ approaches unity, and is that for B, then 
the relative volatility of A to R in large dilution 
with C is 



If differs from aj® then it is possible to 
separate A from B by adding C and distilling. 
On distillation after addition of C the first frac¬ 
tion will contain A and B in proportions corre¬ 
sponding to some relative volatility lying 
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between aj® and a*® (a^® being the relative 
volatility at infinite dilution). The equilibrium 
represented by the first fraction can be altered 
by further dilution and the new mixture again 
distilled, or more simply the fractionation may 
be effected by distilling through a column down 
which runs a counter-current stream of the 
third component, when the equilibrium of the 
components is upset as many times as then' are 
plates in tht' column. 

(^Vaven (/.c.) jaunts out that the volatility 
is practi(“ally identical with the 
“ coellicient of purification,” K, used in dealing 
with the oily impuritic's in alcohol, viz. : 

^ p('rco]ytaj?e ql^impunt ios in ^liyl alcoliol in vapour 
pcrcontaKe of inii)iuii ics in ct iiyl aU-ohol in liquid 

The original paper of ('raven should be con¬ 
sulted for further extensions of this method of 
attack. 

To return to litpiid and vapour equilibrium 
curves (avc p. 43), if for a mixture of tuo 
liquids A and B which are comj)l('telv miscible 
Raoult’s l^aw be assumed to liold, tlu'ii if 
.r is the mol fraction of A in the mixture, 
its partial pressure, and if yig 
])ressure of H, 

}'i -~ '’i-r 

P„(l-r) 

where Pj and 1% fvre vapour ])rcsHures of pure 
A and B respectively (at some ])articular 
temperature). If the mol IVaction of A in the 
vapour evolved from this mixture is y, then, 
since it may be stated that the ratio of the 
concentrations of the substances in the vapour 
is proportional to their j)artial vapour i)ressureH, 
it follows that 

• • (*' 5 ) 

i.e. the ratio of the concentration of the com¬ 
ponents in the vapour to tliat in tht' litjuid 
is Pi/P 2 - Incidentally the ratio P 1 /P 2 changes 
but little on change of temperature. This 
implies that changes in temperature have little 
effect on vapour composition and on the values 
in the x-y diagram. If the latter be obtained 
at an average pressure it may be used over a 
range of pressure of 20-30%, but with a small 
error (Walker et al.y op. cil.). 

Since in the case to which equation (.5) refers, 
if a is the relative volatility, 

a=\\IP, 

it follows that 

y __ ga? 

\-y l-x 

and therefore 

y^axl[l-\~{a-l)x] 

The above equation is identical in form even if 
fractions by weight rather than mol fractions 
are taken and the value of the ratio Pj/Pg-^-a 
remains the same. 


Bloomfield (Perf. & Essent. Oil llec. 1936, 
27, 131, 177, 284) calls attention to the logarith¬ 
mic form of the volatility equation, i.e. of 

a (relative volatility) 

xl{i~x) 

viz. 

This e(juation may bo ex})rc8sed as follows: 
“ The logarithmic separability of two substances 
is the difference between the logarithmic com¬ 
position of the licpiid and vapour m equilibrium 
and is eipial to the difference between the 
logarithmic volatility of the two substances at 
the composition in question.” 

Further, whi'n* the volatility is normal the 
ratio between the volatility of a (component in 
the mixture and tlu^ \ apour pressure of the pure 
component is ecpial to unity. Bloomfield 
refers to liipiids obeying this as being “ ortho- 
soluble.” In the case of the volatility being 
abnormally low the partial pressure; of the; 
component is smaller than thnf predicted by 
Raoult’s I^aw. Here tlu^ ratio bt'tween tlie 
volatility and the vapour jirt'ssure is less than 
unity. This is termed a case of ” super¬ 
soluble ” liquids by Bloomfield, (t corrc.sponds 
to the formation of an azeotrope of juaximum 
vapour ])resaure, and the concentration of tlie 
component of lower boiling-point in the vapour 
is less than that in flu; liipm!. 

Where the partial vapour jiressure of the 
compoiK'nt is gn'ater than that indicated by 
Baoult’s Law the volatility is abnormally 
great. This corresponds to what are termed 
” sub-soluble ” liipiids by Bloomfield, and the 
ratio of the volatility to the vapour pressure 
becomes greatei’ than unity; this case may 
also be described as an example of the formation 
of an azeotrope of minimum vapour jiressure. 
The composition of the vapour in respect of the 
eonqKment of higher boiling-point {i.e. lower 
va])our pressure) is richer than that of the liquid. 

The ratio mentioned above, viz. that of the 
volatility of the component to the vapour 
pressure of the pure component, is called by the 
above-mentioned author the ‘‘ Volatility 
Modulus ” or p. The difference between the 
logarithms of the quantities, viz. log p, is then 
termed the logarithmic modulus. The quantity 
fi is then less than, equal to or greater than 
unity as log p is negative, zero or positive. 
This corresponds to the (;ases where the volatility 
is abnormally low, normal and abnormally 
great respectively. 

The older concept of the “ distillation con¬ 
stant ” may be mentioned in passing. H. D. 
Richmond (Analyst, 1908, 33, 209, 305) distilled 
amyl alcohol and water and gave the equation 
dyidx—ayjx, where y=mols amyl alcohol, x^ 
mols water in the vapour and ay lx their mol 
.ratio in the liquid. In Wiegnor’s equation (ibid. 
1920, 45, 24), log y—klog x-t-2—2k (y—volatile 
substance in the residue as per cent, of its 
original amount, a'=water with the same 
significance and k is a constant), which according 
to Virtanen and Pulkki (J. Amer. Chem. Soc. 
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1928, 50, 3138) is very well applicable in 
practice for analytical purposes. If, for a 
solution of a volatile substance in water, 
be the quantity of water at the beginning 
of the distillation and Xo that at the end, and 
if Pi is the quantity of the substance to be 
distilled at the beginning and that of the 
substance at the end, then 

.... ( 0 , 

log r^-log 

k is the distillation constant and according to 
Virtanen and PnJkki {lx.) will indicate the 
volatility of the substance. They point out 
that with certain reservations k is a specific 
constant for each volatile substance. Volatility, 
it is stated, could be expressed not only by 
distillation constants as above, but also by 
using the number which indicates the percentage 
of each su bstance distilled when a certain volume 
{e.g. half) is distilled. By means of these values 
of half- or (juarter-distillations it is possible to 
calculate k, or vice versa. Mostly for analytical 
purposes the I'ffiMit of concentration and time of 
distillation on the value of k is discussed by 
Virtamiii and Bulkki (/.c.), as w(‘ll as estimation 
of two volatile substances in solution. Constants 
for diff('rent organic substances arc given. The 
(effect of salts on the volatility of substances with 
steam is also discussed. 

Jf k above is a measure of “ volatility ” 
the value of k irj the case of azeotropes should 
be different when (a) one component is in 
excess, (b) the other component is in excess. 

To show that the distillation constant of 
Wiegner is really the volatility of Walker el al. 
is of interest. It wdll be necessary first to give 
Lord Rayleigh’s analysis of distillation for the 
case of “ sirajile partial distillation.” In simple 
distillation a definite quantity of the liquid 
mixture is placed in a still and boiled. The 
vapours evolved are removed continuously as 
they are formed. The composition of the liquid 
in the still and of the vapours will vary (?on- 
tinuously throughout the distillation. If part 
only of the original mixture is distilled the 
distillate will bo richer in the more volatile 
component than the original mixture. In a 
distillation of this nature increments of vapour 
are assumed to be removed as soon as they are 
formed from the residual liquid, so that the 
increments come into equilibrium only with the 
liquid from which they arise. The mathe¬ 
matical analysis first made by Rayleigh for this 
type of distillation may be effected for a binary 
mixture as follows (Perry, “ Chemical Engineer’s 
Handbook,” 1934). Whore it is necessary to 
derive an equation to deal with the number of 
mols of individual constituents in the mixture, 
the following equation is applicable when the 
partial pressures of the components are linear 
functions of their concentrations in the mix¬ 
ture. 

If A and B be the number of mols of the 
respective components in the mixture, and if a 
differential amount of the mixture be vaporised, 
then 

-dA 


where pA=partial vapour pressure of A and pB 
that of B. If Raoult’s Law holds 

jPa-Pa X [A/(A-f B)] and jpb-Pb X [B/{A+ B)] 
therefore 

—fix 

- ™=(Pa/Pb)(A/B) 


whore Pa and Pn are the vapour pressures of 
the pure components (at the same temperature). 


- =a, where c is the relative volatihty 

I B 

(according to Walker et al.j see above), therefore 


--r/A A 
^rfB ""b 


If a is constant, this gives on integration 
In Aj/Ag- aln Bj/Bg 
„r lo gAj- liigAa 

log B,-log 15, 

If this bo compared wdth the equation of 
Wiegner (6) as used by Virtanen and Pulkki 
the constant, k (if Raoult’s Law holds), appears 
to be identical with the relative volatility, a, as 
defined by Walker et al. {see earlier). 

Partial Miscibility and Azeotropes.— 
In a case of partially miscible liquids the 
behaviour on distillation may be complicated 
owing to the possible existence of an azeotrope. 
Taking a case wdiich would give the curve (11) in 
Fig. 11 -at the point where the horizontal 
portion of the curve crosses the diagonal the 
composition of the liquid and vapour is the same. 
This com])osition is that of the azeotrope. For 
liquid compositions to the left of the intersection 
of the horizontal portion of the curve with the 
diagonal, the low-boiling component will occur 
in increased concentration in the vapour phase, 
i.e. volatility is normal. The reverse holds for 
liquid (K)mpoHitions to the right of the inter¬ 
section point. This case of partially miscible 
liquids, then, is very similar to the case of curve 
(IV) in Fig. 11. It follows from the above that 
partially miscible liquids could be expected to 
form an azeotrope (pseudoazeotrope of Walker 
el al., op. cit. 1937), and in the regions where the 
liquids are compk'tely miscible the relative 
volatility of the cornpontMits depends on which 
c!omponcnt is in excess. The horizontal lino 
also represents a prolonged inversion point, as 
it may bo termed, on either aide of which the 
relative volatility of one of the components is 
reversed. The liquid compositions as indicated 
in the abscissae in Fig. 11 will refer to the total 
amount of the component selected (usually the 
low boiling substance) present in the two 
layers. For the regions of complete miscibility, 
in this case, the effective components may be 
regarded as {a) the azeotrope and (6) one of the 
pure components, depending on which one is in 
excess. The point of intersection of the 
curve with the 45° line, in this case, need not 
necessarily be on the horizontal portion of the 
former. The x~y curve may fall outside and 
not intersect the 45° line, and here no azeo¬ 
trope is formed. 

It is of interest to examine the example of 
ether and water utilising the above concepts. 
Wade and Finnemore (J.C.S. 1909, 95 , 1849) 
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showed by a differential distillation method that 
small quantities of water lower the boiling- 
point of ether with the formation of a binary 
azeotrope which boils 0-35°C. below that of pure 
ether (b.p. 34-5°C.). The azeotrope contains 
1*3% hy weight or 5 mol per cent, of water. 

A value for the relative volatility of ether 
and water in a saturated solution of water in 
ether may be obtained as follows. If ether be 
added to water until a saturated solution of 
other in water (I) in contact with a saturated 
solution of water in ether (11) bo just formed it 
may be assumed that the partial pressure of the 
ether in the “ ether ” layer and of the water in the 
“ water ” layer obeys Raoult’s Law’. In other 
words it may bo taken that the partial pressure 
of the ether in a solution of water in ether, 
i,€. the “ ether ” layer above, changes in a(‘(‘ord- 
ance with Raoult’s Law, but here the partial 
pressure of the water is greater than that which 
would be indicated by Raoiilt’s Law, t.e. it is 
abnormally high. It is, of course, for this case 
(viz. a solution of water in ether) that the 
relative volatilities are being obtained. Further, 
considering solutions of ether in water (i.e. 
the “ water ” layer above), the partial vapour 
pressure of the water may be assumed to follow 
Raoult’s Law. 

Now the partial pressure of the water in (II) 
above is the same as that in (I), where it 
follows Raoult’s Law aixl from which its 
numerical value may be calculated, provided 
the vapour pressure of pure w’ater and the 
solubility of ether in water be known. Lb>- 
fortunately the data in the lilorature for the 
latter show considerable discrepancy, but tlu^ 
figure of 100 g. of water at 10dissolving 
9*599 g. of ether will be taken.^ The mol 
fraction of water in a saturated solution of ether 
in water at ]0°C.’. will consequently be: 

100 


0*977 

100,9-599 5-549+0*129 


18*02'^ 74-08 


The vapour pressure of water at lO'^C. is 
9*14 mm. Consequently, in accordance with 
Raoult’s Law, its partial pressure in water 
saturated with ether will be 9*14x0*977 mm. 
In accordance with the above this will also be 
the partial pressure of the water in the solution 
of ether saturated with water, and the volatility, 
Vw, of the w ater here will be (as defined earlier): 


mol fraction of the water in this solution will 
therefore be: 

0*90 

13*02 0*05 

100 ^0 ""1*35+0*05 

74-08“^ 18*02 

The mol fraction of the ether in the ether 
saturated with water will be 1-0*035 or 0*965. 
The vapour pressure of pure ether at KFC. is 
286*4 mm. (Castoll-Evans, “ Physico-Chemical 
Tables,” I^ondon, 1920), so that its partial 
pressure in a solution of ether saturated with 
water is 286*4x0*965 mm., and its volatility, 
Vk, will be : 


286-4x0 -965 

'^{)-965~ 


286-4 


The relative volatility of water and other 
considering a saturated solution of w'^ater in 
ether will therefore be (for lO'^G.) : 




and the volatility of water under the above 
(‘onditions will be lower than that of the ether. 
Under such a pressure that the solution of water 
in ether boils at 10°(J. the vapour will contain 
etluT in greater jmoportions than the li(]uid. 
This pressure will obviously be a reduced pres¬ 
sure. It would a})pear, as eApected from con- 
sid(‘rations dealt with earlier, that an azeotrope 
of (‘ther and water is not formed under reduced 
pressures. At higher temperatures it must be 
exj)ected that th(^ relative volatility of water 
and ether (when (onsidered as a solution of 
waft'!* in ether) will be reversed relative to the 
above value. Unfortunately, data for the 
solubility of water in ether at temperatures near 
the boiling-point of the solution under atmos¬ 
pherics pressure are not available. 

It may be of interest to compare Ry above 
with the value for a saturated solution of ether 
in water. In this case it will bo remembered 
that the partial ])rcs8ure of the ether is the same 
as that in a saturated solution of water in 
ether, viz. 286-4x0*965 mm. This is greater 
(for th(i ether in water) than that pn^dicted by 
Raoult’s Law. The volatility, V'e, of ether in a 
saturated solution of other in water will be (for 
10°C.); 


286-4x0*965 

1-0*977 


276*37 

0^023 


-12015 


,, 9*14X0*977 


The denominator in the above expression, viz. 
0*035, is the mol fraction of water in ether 
saturated with water at 10°C. This figure is 
obtained from the solubility of water in ether. 
Here, again, the data in the literature vary 
widely, but the figure of Wade and Finnemoro 
(l.c.) may be taken as being reliable, viz. 100 g. 
ether at 10°C. dissolves 0*90 g. of water. The 

^ Schuncke, Z. physikal. Chem. 1894, 14, 331; 
Tolloczko, Ber. 1895,28, 808; Klobbie, Z. physikal. 
Chem. 1897,24. 615 ; Osaka, J.S.C.I. 1909, 28, 625; 
Tyrer, Proc. Chem. 8oc., p. 142, 1911; Thorne, J.C.S. 
1921, 119, 262; Linde, J.C.S. 1920, 98, 11, 95. 


The volatility of water in this solution may be 
taken as being equal to its vapour pressure at 
10°C., viz. 9*14 mm,, as its partial pressure is 
given by Raoult’s Law. The volatility of 
water, V"w» in this case is, therefore : 

V'w-9*14 


and the relative volatility of water and ether 
here, R'y, will bo : 


, V' 
'V-y 


9+14 

12015 


=0*0007 


Raoult’s and Henry’s Laws. —As already 
indicated, Raoult’s Law is of limited applicability 
although certain mixtures of organic liquids, e.ff. 
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benzene and toluene, foUow law closely, 
as do paraffin hydrocarbons. In sonn; cases the 
deviation from the law may be such that the 
vapour pressure of some particular mixture of 
the components may be (a) greater or (6) less 
than the pure components. At this point also 
the vapour pressure of the mixture may be 
either a maximum or a jninimum res})eetively. 
This is, of course, the ease where azeotroj)eH of 
maximum or minimum vapour pr(*Hsure are 
formed. The (hiviation from Jlaoult’s Law in 
the case of acetones and chloroform is illustrated 
in Dig. ]()A (Zawidzid, Z. pliysikal (diem. 1900, 
35, 129; Hildebrand, ‘'Solubility of Non- 
Electrolytes,” New York, 193()). 



Fig. 10a. —Acetone and Chloroform Devi a 

TIONS. 

“ Solubility of Non-Elect roly ten.”) 


In other cases the law applies over a small range 
to a component when it is present in large 
excess. The development of small heat eff(‘(‘ts 
or change in volume on mixing and the non- 
oecurronce of combination or association would 
indicate the possibility of the la w applying to an 
unknown mixture. Ferry (op. c/L, j). 1121) 
piiints out that Kaoult’s Law may be combiiu'd 
with Dalton’s Law in the form 

p_- rry-Fa:, 

where p is the partial ])re88ure of a coinyauient 
in a mixture, a: its mol fraction in the liipiid and 
1 / that in the vapour. F is the \’apour yiressure 
of the pure component and tt th(‘ total i)ressure 
of the mixture. Since Dalton's Law fails at 
high pressures deviations from Raoult’s l.,aw 
may be expected at high pressures. The 
substitution of a corrected pressure, i.e.. fugacity 
(«ee Lewis and Randall, ” TluTinodynamics,” 
1923), makes possible the apj)lication of the 
above simple relation at high pressurcH for sub¬ 
stances which obey Raoult’s Law at low pres¬ 
sures. Henry’s Law may sometimes hold for a 
component present in small concentrations. 

Typical Liquid-Vapour Equilibrium 
Curves. —It is of interest to examine at this 
point typical liquid-vapour e(iuilibrium curves 
for the different types of binary liquid mixtures 
considered. Those are indicated in Fig. 11. 

The curve (I) indicates that the composition 
of liquid and vapour (for a given pressure) is 
th^ same and fractionation is impossible. 


LABORATORY. 

An example of this case would be afforded 
by a mixture of stereoisomers or by an azeotrope, 
provided the azeotrope be thought of as a pure 
component. The case of partially miscible 
liquids is illustrated by curve (II). Where 
the mixture forms an azeotrope of maximum 
boiling-point the curve (Ill) illustrates the 
variation in liquid and vapour compositions as 
far as the pure components are concerned. A 
mixture behaving in this way is hydrogen 
chloride and water; another is acetone and 
chloroform. As alreafly stated the volatility 
of substances in mixtures depends on the 
character and amount of the components. 
Fases v h(‘re the volatility of the pure com- 



Mol-Fraction in Liquid (.r) 

Fj(j. 11. —at, x y Ftjrves for Different 
JjiQWin Mixtures. 

{Muieuts w'er(‘ abnornially high or low were 
considered Tlie examples oi‘ liydrogen chloride 
and water (and (tf aniline and water) will now' 
bti examined with the aid of the liquid-vapour 
(‘(piilibrium curvi' for this tyyje of mixture. A 
curve generally similar to eurvi^ (111) will, as 
already indicated, hold for this case. For the 
hydrochlorh* acid mixtures the liquid and vapour 
comyiositions will be exyiressed as mol fractions 
of the low-boiling component, viz. hydrogen 
rhloride. For liquid (‘omjiositions to the left 
of that of R (this being the composition of the 
azeotrope) the vapour will be yioorer in hydrogen 
chloride, ?.e. the volatility of the latter is 
abnormally low\ For concentrations to the 
right of R the vapour will be richer in hydrogen 
chloride and the volatility of the acid is normal. 
The case of aniline and water would, in theory, 
approximate to curve (II). Thus for composi¬ 
tions to the right of that corresponding to the 
azeotrope the volatility of aniline will be 
abnormally high, while to the left of the above 
point the volatilities will be normal and the 
water wiU occur in increased concentration in 
the vapour phase. 

From the yioint of view of fractionation it is 
usually more convenient to regard the behaviour 
of an azeotrope either of maximum or minimum 
vapour pressure as that of a “ component,” so 
that it is possible by fractionation to separate 
the azeotrope and one of the pure components. 
The curve (IV) illustrates the case of a mixture 
of liquids which form an azeotrope of minimum 
boiling-point, e.g. ethyl alcohol and water. 
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In the case of the azeotropes where the x-^ 
curve crosses the diagonal {x=^y), the composi¬ 
tion of liquid and vapour is the same and on 
either side of this point the relative volatility of 
the components may be considered as being 
inverted. The point giving the composition 
of the azeotrope will, as indicated earlier, be 
changed by varying the pressure for which the 
diagram was determined. Curve (V) illustrates 
the case of completely miscible liquids w here no 
azeotrope is formed. 

The latter case is of importance from the 
point of view of fractionation. A concrete 
example will now be considered. Benzene- 
toluene mixtures give, as already indicated, an 
x-y curve similar to curve (V) in Fig. 11 . The 
temperature-composition curves for this case 
will now he examined. For a vapour pressure 
of 700 mm. those curves will be as indicated in 
Fig. 12. 



Fig. 12. -TEMPERATURE-CbMl'USITTON (’(iJiVE 

FOK Benzene and Toiujene Mixtures. 


Curve A EC relates the com {)OHi lion of benzene 
and toluene mixtures to their boiiing-]>ointB 
(at 760 mm.). The composition of the vapour 
in equilibrium at the respeedive boiling-points 
with the different liquid mixtures is given by 
curve AGC. Thus a liquid of composition 
boils at the temperature /g R has a vapour 
pressure of 760 mm. at ^ 2 )* the vapour in 
equilibrium with it at U will have the com¬ 
position Xg. For a liquid of composition x, at 
temperatures lower than only one phase, viz. 
the liquid mixture of benzene and toluene, will 
be present. On raising the tempt^aturo the 
liquid merely expands until the temperature <2 
is reached when the mixture boils and a vapour 
phase of composition Xg {i.e. richer in benzene 
than the original liquid) appears. There are 
now two phases present. Since there are two 
components the number of degrees of freedom 
will be two. As the pressure is fixed, then 
temperature and composition must vary 
together. In other words the composition of the 
phases is dependent on the temperature. If 
boiling proceeds the temperature rises and the i 
liquid and vapour compositions will change 
accordingly. The curves AEC and AGC indicate j 
the manner in which the respective compositions 
VoL. IV.--4 
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change. At G the liquid will have the com¬ 
position X 3 and the vapour in equilibrium with 
it at the same temperature will have the 
composition X 4 . Since the total amounts of 
benzene and toluene in the system have not 
changed during the abov^o operations there 
will be an appropriate change in the relative 
proportions of the liquid and vapour phases 
present so that the total composition of the 
system (viz. Xj) does not alter. As the tem¬ 
perature is raised the proportion of liquid phase 
decreases until eventually the temperature, 
is reached w^hen the liquid phase disappears. 
At this point the vapour has the same com¬ 
position as the original liquid mixture. At 
higher temperatures {ix. where the vapour 
becomes superheated) there is but one phase 
prtjsent. The system becomes trivariant (as it 
also was when the liquid phase only was present) 
and for a given pressure it is possible to vary the 
temj)erature and composition independently. 

Partial Condensation.—Vapour enrich¬ 
ment following partial condensation can be 
followed by considering the eflect of decrea.sing 
the temperature on a mixture of benzeoe and 
toluene vapour of composition Xj and at a 
teniperatiu*o (as above). On lowering the 
temperature, eonderisatioii v ill first take place 
at the temperature At this point liquid 
having the composition Xg will appear, t.c. the 
liquid will be poorer in benzene than the 
vapour. On further lowering the temperature, 
the compositions of tlie^ liquid and vapour in 
equilibrium will change as iridiciated by the lines 
AEO and AGC respectively. When the tom- 
peratun* reaches /g the vapour jdiase will 
disappear and the composition of the liquid will 
be Xp ’'J''he ('f)m^entration of tlie benzene in the 
va])our will be a maximum at a toin[)erature 
just above /g. since l)ero the va})Our approaches 
the composition Xg, whidi is ridier in benzene 
than any other composition passed through on 
cooling. Further, if during tlie cooling process 
the liquid be removed from contact with the 
va,})()ur at the same rat(^ as it is formed, then, 
since the liquid is poorer in the more volatile 
component (benzene) than tlu^ vapour, the 
vapour will become progressively richer in 
benzene as the temperature falls. Eventually 
the last 2 >orti(m of the vapour is nearly pure 
benzene. The first method of vapour enrich¬ 
ment, mentioned al>ove, may be termed simple 
condensation and tlu' second differential con¬ 
densation (acc later under Flash Distillation 
and Partial Distillation). 

Fractionation.—tf a mixture of benzene 
and toluene of composition Xg as indicated in 
Fig. 12 bo taken and healed in a suitable 
enclosure it will boil when the temperature 
reaches G and the vapour in equilibrium with it 
will be of composition x^, ix. richer in benzene. 
This vapour, if condensed, will give rise to a 
liquid in which the mol fraction of benzene 
will be Xj and that of toluene 1—-Xj. The 
liquid remaining after this vaporisation will be 
poorer in benzene and its boiling-point will bo 
higher up the curve AEC, i.e. greater than G* 
If, now, the vapour which was given off at 
be condensed (to give a liquid of composition x^) 
and if this liquid be heated by itself it wiUl)oil 
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at the temperature and give rise to a vapour 
and consequently a condensate of composition 
aTg, i,e, still richer in benzene. 

These operations may be repeated until almost 
pure l^enzene is obtained near 0. 

Flash Distillation and Partial Distilla¬ 
tion. —Mention must be made of two other 
methods by which fractionation may be effected, 
viz. flash distillation and partial distillation. 
The former involves vaporisation of the mixture 
in an enclosure (entailing equilibrium between 
the vapour and liquid phases) until the desired 
amount of va})orisation is completed. Flash 
distillation is of uses in the petroleum industry 
and may be conducted in a cemtinuenis manner. 
The vapours are then removed from the residual 
liquid for condensation. As there is equilibrium 
between the total amount of vapour evolved 
and the residual liquid, the (somposition of both 
the phases may bo obtaiiuMl from the appropriate 
temperaturc~conij)osition curves. The case of 
benzene-toluene mixtures may be taken as an 
<‘xample. If the liquid of composition a:j, as 
in Fig. 12, be taken and heated to the tempera¬ 
ture < 3 , then the composition of the vapour phase 
will be and that of the residual liquid })hase 
will be atg. The vapour will be richer in benzene, 
as will the resulting condensate, as indicated 
earlier. The r(‘lativo amounts of vapour and 
liquid may also be calculated as follows. If F 
is the number of mols of the original liquid 
mixture, and V and W the ninnber of mols of 
vapour and li(juid respectively (at some par¬ 
ticular temperature) existing after the vaporisa¬ 
tion of the mixture in an ejiclosed space, then 

F=--V4 W.(7) 

If xf is the mol fraction of the more volatile 
component in the original liquid and xy and xw 
that in the vapour and residual liquid res])cc- 
tively, then from (7) 

F.:rK-V.arv+W.2w .... (8) 
From (7) W=F~V, and substituting this in (8) 
F.xp— V.a“v4- a’w(F—V) 
i.c. F(a-F-a:w)=V(:cv—a-w) 

or .... (9) 

.TV— 

In simple distillation a definite quantity of 
the liquid mixture is placed in a still and 
boiled. The vapours evolved are removed 
continuously as they are formed. The com¬ 
position of the liquid in th(*. still and of the 
vapours will vary continuously throughout the 
distillation. Provided that part only of the 
original liquid mixture is distilled the distillate 
will be richer in the more volatile component 
than the original mixture. In a distillation of 
this type increments of vapour may be assumed 
to be removed from the residual liquid as soon 
as they are formed. The mathematical analysis 
for this type of distillation was first made by 
Rayleigh (Phil. Mag. 1904, 534), and for the case 
of a binary mixture may again bo carried out 
here as follows. If from W mols of liquid 
solution, in which the mol fraction of the more 
volatile component is t, there be formed dW 
mols of vapour, then the residual liquid will 
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consist of W—dW mols in which the mol fraction 
of the more volatile component will be (t— dr). 
If y be the mol fraction in the vapour, then a 
material balance for the more volatile component 
will show that (where tW is the total nuniber of 
mols of the more volatile component in the 
system), 

x.W=^(W-dW)(x~dx)+7j.dW 
or T.W--W.T“-W.dT- .r.dWH dW.daH-y.dW 
The term dW.dx may be neglected, whence 
dW dx 

W“ y~x . 

In order to integrate (10) it will bo necessary to 
express y in terms of x. This may be done by 
finding an expression for the x-y or liquid- 
vapour eipulibriura curve as experimentally 
determimid or, in some cases, the expression 
may be obtained directly by the aid of Raoult’s 
J^aw. The grafjhical method of integration is 
usually simj)ler. Integrating (10) between the 
limits a I and t.^, which correspond to initial and 
final amounts and Wg rcsfaatively of li(|uid, 
tliere is obtained 



If, now, from the corres])onding values of x and y 
obtaincii from the a ~y curve for the particular 
binary mixture under consideration the values of 
T bo phdted as abscissae against those of 
l/(y— t) as ordinates, then the right-hand side 
of equation (11) wdll be represented by the area 
under the curve of x versus l/(y— t), bounded 
by X axis and the abscissai and x^. In this 
way a value for Wg, the number of mols of 
liquid remaining (of composition x^) after 
distilling olF Wj-Wg ni^ls of vapour, may be 
obtained. A range of values of Wg correspond¬ 
ing to different values of Tg may be obtained in 
the above manner. The number of mols of the 
more volatile component distilled off wdll be 
(x,W,~-x,W,). 

To return to consideration of simple partial 
condensation, it will be realised that this is the 
reverse of flash vaporisation. The composition 
of the liquid and vapour in contact will be given 
by the appropriate temperature-comj^osition 
curves. Further, equation (9) also applies to 
this case and may be written 

TW W y, 

t'v~-t'w 

whore F' is the number of mols of original 
vapour in which the mol fraction of the more 
volatile component is x'y, V' the number of 
mols of residual vapour of composition t'v and 
t'w the composition of the liquid formed. As 
before 

— w(F'—V') 

whence 

t'v-t w 

The terms V' and (t'y— xSv) cannot be negative, 
so that for the equation to retain its physical 
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significance x'v must be greater than At 

the point where x'yf {i.e. the composition of the 
liquid formed) a})proache8 that of the original 
vapour, F' becomes infinitely small. 

Simple partial condensation is realised in 
practice by bubbling the vapour to bo condensed 
through a layer of liquid which is at a lower 
temperature than the vapour on, e.j/., a “ bubble 
cap ” fractionating column plate. 

The case of differential partial (‘ondensation in 
which the li(iuid formed is removed continuously 
is analogous to the case of simple distillation 
in which increments of vapour were removed 
as soon as formed. If from V mols of vapour of 
composition y there bo formed dW mols of litjuid, 
then the residual enriched vapour will consist of 
(V—rfV) mols of composition [y^-dy). If x 
be the mol fraction of the more volatile com¬ 
ponent in the liejuid, 

y\^.{y-dY){y+dy)-\ xdW 
or yW Vy\ ydAj—ydW ~d\dy \ xdV 
The term dVdy may be neglected, wdience 
dV dy 
V y-~x 

This equation is analagous to equation (10) and 
may be dealt with in a similar manner. Integrat¬ 
ing between the limits iji and y,^ 



Equation (12) may be integrated in a graphical 
manner from the y versvs 1 l{y~x) curve with the 
values of y as ordinates and l/{y~-x) as abscissae. 
The value of the integral will be the area under 
the curve between the ordinates y^ and ?/ 2 * 
In practice, it may bo mentioned that difi'erential 
condensation is not easily realised, but it may be 
closely approximated. 

Azeotrope Nomenclature. —The term azeo¬ 
trope was first used by Wade and Merriman 
(J.C.S. 1911, 99, 997). According to the 

nomenclature system adopted by Swietoslawski 
(op. cit.) and by Lecat (Distillation in Grignard, 
“Trait6 de Cliim. Org.,” 1934, 1, 127) the 
term zeotro 2 }ic applies to mixtures obeying 
liaoult’s Law or showing deviations from it 
which have neither a maximum nor a minimum 
value. As the mixtures are homogeneous the 
term homozeotropic may be given to them. 
Liquids which exhibit the formation of mixtures | 
with maximum or minimum vapour pressures 
may be formally termed azeotrojne^ and when the 
liquid mixtures are homogeneous the term 
homoazeotropic is used. Partially miscible liquids 
may generally receive the term hetenxizeotropic. 
This case may again be summarised here. The 
system possesses two liquid phases with a vapour 
phase, and the total vapour pressure of the system 
is constant and generally lower than that of the 
more volatile pure component. Accordingly, 
the mixture distils at constant temperature 
which is lower than the boiling-point of the more 
volatile component. On the horizontal portion of 
the vapour pressure-temperature curve (see Fig. 2) 
lies a point which, as Swietoslawski points out. 
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rt^presents the composition of the vapour above 
the two-liquid phase system an 1 which also 
corresponds to the (composition of the mixturcc, 
aU of which distils over at the lowest tempera¬ 
ture. 'Jhc point may be ncfciTcd to as the 
hctcroazcotropic point (probably corresponding 
to the pscudoazootro])c dealt with earlier). 
In the above author’s w'ork tlu' comjearison of 
the boiling and condensation temperatures is 
made use of. In the present case, if an arbitrary 
mixlurcc of the lietcroazeotro})ic c()mj)oncnts be 
distillcid, th(c boiling and coiidtcnsation uunpera- 
turcH wdll be obstTvod to be constant and iden¬ 
tical as long {IS two liquid layers cire present. 
Th(r distillation will proceed in this mjiuner until 
one liejuid phase appears in the fi{iak. The 
mixture then becomes homozeotropic. A mix¬ 
ture of composition (jorresponding ex{ictly to the 
h(‘tero{izeotropic point must all distil unchanged 
at (‘onstiint tcmf)cr{iture. 

It is clainuMl (see also Barbaudy, “ Contribu¬ 
tion a I’etude des mel{ing(‘s ternaircs,” Her- 
mami, Paris, 1925) that binary two liquid phase 
systems exist which have a (cc^nstant) boiling 

tenq>eraturc different from the (iondonsation 

tcnq)e rat lire, although this is also constant. The 
composition of viipour and liquid is different, so 
that fractionation is possible, although the con¬ 
densation of the vapour gives a liipiid of 
(constant composition and existing in one phase. 
The ])henomenon is referred to as heterozeotrojyy, 
and the only examples ajipear to be those of 
benzoic acid-water and salicylic acid-water. 

J. K. and D. F. K. 

DISTYRENE, the dimerido of 

styrene, was first obtained by heating styrene 
with hydrochloric acid at 170“ (Erlenmoyer, 
Annalen, 1805, 135, 122), but later it was ob¬ 
tained, together with distyrenic acid and carbon 
dioxide, by prolonged boiling of cinnamic acid 
with dilute sulphuric acid (Fittig and Erdmann, 
ibid. 1883, 216, 179). As prepared by these 
methods it w'as an oil (b.p. 311°, LOIG; 
dibromidey m.p. 102°) which decomposed into 
toluene, isopropylbenzene and some styrene 
on prolongetl boiling, and gave benzoic acid on 
oxidation with chromic acid. 

8tobbe and Posnjak (ibid. 1909, 371, 287) 
showed this distyrone (distyrene 1) to be ay- 
diphenyl- A "^-butene, PhCH.CH-CHMePh, 

and the constitution thus assigned was later 
confirmed by Stoermer and Kootz (Ber. 1928, 
61, [B], 2330). These latter authors isolated 
three of the four theoretically possible r- 
dibromides (m.p. 102°, 129°, 79°) from pure 
distyrone produced by Fittig and Erdmann’s 
method, but they also recognised that distyrene 
produced in this waiy is not invariably homo¬ 
geneous, and they isolated from distyrene which 
had remained long in contact with sulphuric 
acid a second isomeric compound (distyrene //), 
which they regarded as ay-diphenyl-A 
butene. This latter had apparently boon formed 
by transposition of distyrene 1 by the action of 
sulphuric acid. Subsequently Staudinger and 
Steinhofer (Annalen, 1935, 517, 35) found a 
third distyrene, ay-diphonyl-A^-butene, 

PhCHgCHjjCPhiCHa 



DISTYEENE. 


52 


{distyrene III), and a tristyrene, 

PhCH^CHgCHPhCHjCPh.CHj, 

among the thermal decomposition products of 
polystyrenes; and lately Midgley, Henne and 
Leicester (J. Amer. Chem. 8oc. 1936, 58, 1961) 
showed that distyrenc and tristyrene fractions 
(the former not easily resolvable into pure 
diphenyl butenes) were formed preferentially to 
monostyrene when thermal decomposition was 
slow. 

Each of the above-mentioned diphenyl- 
butenes has been synthesised by Itisi and Gauvin 
(Canad. J. Res. 1936, 14, B, 255), who have 
found that distyrene I can be obtaint‘d in 65% 
yield by heating styrene for 5 hours w’ith 5 times 
its weight of concentrat'd sulphuric, acid 
which has first been diluted with 1|^ times its 
volume of water. 

Kisi and Gauvin (/.c.) report that distyrene I 
undergoes polymerisation when treated wdth 
stannic; chloride, the products consisting of 
higher polymerides (50%) and a distyrene 
(50%) which is nearly com})letely saturated and 
therefore largely (yclised. This behaviour is 
analogous to that of dimeric a-mcthylstyreno 
with the same reagent. On the other hand, 
distyrene II (Stoermer and Kootz) is not 
attacked by stannic chloride, but distyrene III 
polymerises completely with this reagent. 
Distyrene I undergoes polymerisation to the 
extent of 10% when heated in sealed tubes 
at 210-215° for 4 days in the dark ; distyrene 
III on similar treatment gives 50% of higher 
polymerides. 

The resistaiHiO of Stoermer and Kootz’s 
distyrene II to further polymerisation and its 
observed inactivity towards bromine indicate 
that it is saturated, and Risi and Gauvin {lx.) 
suggest that the transposition of distyrene I 
effected by sulphuric; acid is of the nature of 
(jyclisation, and they propose for distyrene II the 
formula A, which is analogous to that ascribed 
by Bergmann and Taubadel (Ber. 1931, 64, 
[BJ, 1493) to the second (cyclised) form of 
dimeric- a-methylstyrene. 

CHMe 



CHo 

CHPh 

A. 


Dihydrodistyreno of formula 

CHgPhCHjjCHgCHoPh 
is formed as a bimolccular reduction pnxluct side 
l>y side with the normal reduction product (ethyl¬ 
benzene) when styrene is reducerl with sodium 
and alcohol (Midgley, Henne and Lei(;e8ter, lx.). 

E. H. ¥. 

DISULPHAMIN. Trade name for a pre¬ 
paration containing dimethylaminoantipyrine 
camphorate, sodium nucleinate and hexamine- 
sulphosalicylic acid {Biochemical Laboratories, 
Locarno ; Coates and, Cooper, London). B.P.C. 
1934. 

DITA BARK v. Alstonia Bark. 

DITA M1N E t;. Alstonia Bark. 

DITHIOLi 4-methyl-l:2-dimorcapto-benzene 
{v. Chemical Analysis, Colorimetric Analysis, 
Vol. II, p. 673). 


DlUFORTAN v. Diuretin. 

DIURETIN. A compound of the sodium 
salts of theobromine and salicylic acid used as a 
diuretic (A. Richard and R. Morrison, J. Lab. 
clin. Med. 1933, 19, 248), as a galactagogue 
(B. Lacqueur, Arch, int, Pharrn. Therap. 1934, 
49, 78), etc. The calcium salts are also used, 
e.g. as Klimaktone (R. Werner, Pharm. Zontr. 

1924, 65, 357). Calcium iodide and theobromine 
are the c'ffectivc com])onont8 of Diufortan (F. 
Lebermann, Miinch. med. Woch. 1928, 75, 438). 

DIVERSINE, C 20 H 27 NO 6 , was found in 
Sinomaiiiurn acutum Rehd. et Wils. (Menisper- 
maccfe) along with the more important base 
sinomeninr (Kondo, Ochiai and Nakajima, 
J. Pharm. Soc.dapan, 1923, No. 497,511). .4mor- 
])hous, m.]). 80-93"’, {a]]l -f 6'98'\ For absorp¬ 
tion spectrum, see Ochiai (Amer. Cluun. Abstr. 
1929, 23, 5272). It is strongly reducing, 

preeijntates metallic Au and Pt from their 
salts and gives a dark-brown coloration with 
ferric (hloriih'. B-HCI, yellow amorphous 
substanct', hygroHco))ic, decomposes at 135- 
140'’. The follow ing formula is pro})osed : 

/>CO 

ixOH), 

One OH group is phenolic, the second alcoholic; 
monobenzoyl deriva/ive, m.p. 105° (crystalline); 
dibenzoyl, m.j). 91-98° (amorphous); oxime, 
m.p. 145-1.50° (amorphous); zinc dust distilla¬ 
tion yields NMCa and phonanthrene or a 
methyl-con)pound tlu'reof (Amer. Chem. Abstr. 

1925, 19, 1708). Diversiiie is probably related 
to the alkaloids of pareira-root (bebeerine, 
fsobebeerine, chondodondrine). 

From Cocculus diversifoLius Ohta (Ber. ges. 
Physiol, exp. Pharmakol. 1924, 27, 479) isolated 
two alkaloids: kukoline, CigH 2 oN 03 , 3 H 20 , 
m.p. 162°, and diversin, CjgHgoNO^, m.p. 144- 
154°, amorphous, [a]|) +22-04°. Apparently 
diversin is not identical wdth Kondo’s base; 
for its pharmacological action, see Ohta {lx., and 
Amer. Chem. Abstr. 1926, 20, 2560). 

Schl. 

DIVI - DIVI. Divi-divi consists of the dried 
pods of the Caesalpinia coriaria Willd., a tree 
20-30 ft. high, found in the West Indies and 
Central America. The pods are about 3 in. 
long and | in. broad, are very thin and frequently 
resemble in shape the letter S. From 40 to 
45% of tannin is present, which consists of 
ellagitannin and free ellagic acid; some gallic 
acid is also found in combination. Extracts of 
this material have a somewhat unfortunate 
tendency to ferment, w ith simultaneous develop¬ 
ment of a deep red colouring matter; but this 
can be prevented to some extent by the use of 
antiseptics. Divi-divi is largely imported for 
the preparation of leather and is also employed 
for black dyeing, but to a much more limited 
extent than myrobolans. 

A. G. P. and E. J. C. 

DIVICIN E, 2:5-diaminouraoil. 

DIViNYL, butadiene (v. Butadienes and 
Polyolefins (conjugated)). 
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DlVINYL ETHER, vinHhene {v. Anaes¬ 
thetics). 

DJAVE V. Bassia Fats. 

DOCIMASY. (Fr. DociruaMie.) Originally 
the act or art of examining by test {hoKifiaaia, 
a test), applied in metallurgy to experiments 
made to determine the nature and })urity of a 
metal; in pharmacy, to the tt^siing of medicines 
and poisons. Usually <‘mployed in (heunistry 
as synonymous with assaying. 

DOELTERITE r. Bauxitk. 

DOG-TOOTH SPAR v. OArcin:. 

DOLERITE. An igneous rock composed 
essentially of plagioclase-felsjjar (labradorite to 
anorthite) and augite, and of the sam(^ general 
chemical and mineral composition as the coarse¬ 
grained plutonic gabbros and the fine-grained 
volcanic basalts, but intermediate in texture 
between those two extreme types. Other 
minerals may also be present, especially olivine, 
giving the varieties olivinc-doleritc, enstatite- 
dolerito, hornblende-dolorite, mica-dolerite 
and quartz-dolerite. Accessory minerals, usually 
present, are magnetite and ilmcnite ; and 
secondary minerals, produced by alteration, 
include quartz, cahate, epidote, chlorite and 
serpentine. Dolerites occur as intrusive veins, 
dykes and sills ; and very often they pass 
imperceptibly into basalts. The tc^xture may 
1)0 coarse enough for the individual minerals to 
be distinguishable to the unaided eye, or it 
may bo so fine that these can only be distin¬ 
guished in thin sections under the microscope. 
In the latter case the r()(;k is compact and dark 
greenish-black or black in colour. Often, owing 
to the prosen(;o of secondary minerals, the colour 
is distinctly green, and the rock is then fre- 
(juontly included under the general term 
greenstone.” The specific gravity ranges 
from 2*8 to 3-0, and the crushing strength is 
about 1,500 tons per sq. It. Tho following 
analyses are of dolerite from I, Rowley Regis, 
IStaffordshire ; II, Glee Hill, IShroi)shire ; HI, 
quartz-dolerite from the Whin Sill, Co. Durham 
(including MnO 016, CO^ 019, P 2 O 5 0-25, 
FeSg 0-49%) ; IV, olivine-dolerite from Skye 
(including MnO 0-17, BaO 0-06, P 2 O 5 0-17%). 



1 . 

II. 

III. 

IV. 

SiOg . 

% 

% 

% 

% 

. 49-0 

48-4 

51-22 

50-33 

TiOg . 

2-8 

3-1 

2-42 

1-81 

AI 2 O 3 . 

. 15-3 

13-4 

14-06 

19-97 

F'CgOg 

. 2-6 

4-0 

4-32 

2-81 

FeO . 

. 8-2 

8-5 

8-73 

6-23 

CaO . 

8-2 

8-6 

8-33 

8-03 

MgO . 

4-9 

6-5 

4-42 

3-24 

NagO 

2-5 

3-1 

2-55 

4-30 

KgO . 

2-6 

2-1 

1-25 

M9 

HgO . 

3-3 

2-2 

1-28 

1-86 


Dolerites are of wide distribution and are 
much quarried for road-metal and paving-setts. 
Being difficult to work and of a dull colour, they 
are not much used as building stones (v. 
Diabase). 

L. J. S. 

DO LO MITE. This term includes both dolo¬ 
mite-spar and dolomite-rock, both of which are 
often referred to simply as dolomite. They bear 
the same relation to one another as calcite (calc- 


spar) to limestone, and as quartz to quartzite, 
these being cases in which a single mineral 
species builds up a rock-mass. The name 
dolomite, after the French geologist D. G. Dolo- 
rnieu (1750-1801), was first applied to the rock, 
being later extended to tho crystallised mineral. 
The rock is now often referred to as dolomitic 
limestone or magnesian limestone. 

The pure mineral (dolomHe^spar) is a double 
salt of calcium and magnesium carbonates, 
CaMg(C 03 ' 2 » containing CaCO.,. 54-28, 
MgCOg 45-72%, or CaO 30-42, MgO 21-86%. 
It is a member of the isomorphous series of 
rhombohedral carbonates (calcite group), and 
has an angle of 73'" 45' between tlie surfaces of 
tho perfect rhombohedral cleavages. It, however, 
differs from the other members of the group in 
the degree of symmetry of its crystals, which are 
hemihodral with parallel faces. It further differs 
from calcite in tho fact that it never shows 
lamellar twinning on the obtnsi- negative 
rhombohedron. The most usual Ibrni of 
crystal is the primary rhombohedron, tlu^ faces 
of which <are parallel to the clea\ ag(' din'-etions 
(this being an unusual form in calcite, exci'ipt 
in combination with other forms). Tho facies 
are frccpientlv curved, sonn-tirncs to such an 
extent that tho crystals arc saddle-shaped. 
The most })erfoct crystals, such as those found 
in the crystalline dolomite-rock of the Binnenthal 
in Switzerland, arc colourless and transparent 
with a vitreous lustre. More often tho crystals 
are white or creamy-wdiite and 0 ])aque with a 
pearly lustre ; hence the popular name pearl- 
.spar. The mineral is harder (tl. 3^-4) and denser 
(sp.gr. 2-85) than calcite. It may be readily 
distinguished from the more commonly occurring 
calcite by the fact that it is only slightly attacked 
by cold dilute acid ; in hot acid it dissolves with 
a brisk eirerveaconcc. Dolomite is much less 
soluble in water containing carbon dioxide (3 
parts in 10,000 at IS'^) than is calcite. Various 
micro-chemical tests have been devised for the 
purpose of distinguishing dolomite and calcite, 
especially in thin sections of rocks. Lemberg’s 
solution contains aluminium chloride and a 
staining material (luematoxylin or an aniline 
dye) ; a stained film of aluminium hydroxide 
deposits on calcite, but not on dolomite. Tho 
composition of dolomite may vary somewhat 
owing to isomorphous replacement. Iron and 
manganese may replace magnesium, forming a 
j)as 8 age through brown-spar to ankerite 
Zinc or cobalt is also sometimes present in small 
amount. Any excess of calcium over tho double 
salt ratio may perhaps to some extent be present 
in isomorphous mixture, but more often it is 
probably present as mechanically admixed 
calcite. Simple ratios of CaCOg : MgCOg, other 
than the 1 : 1 of ” normal dolomite,” probably do 
not exist. Several trivial names have been 
applied to varieties of dolomite showing pecu¬ 
liarities of structure or supposed differences in 
composition ; the analyses have not, however, 
always been made on well-crystallised material. 

The best crystallised specimens of dolomite 
are met with in mineral veins and other metal¬ 
liferous deposits. For example, with iron ores 
at Traversella in Piedmont, and Cleator Moor 
in Cumberland ; with lead and zinc ores at 
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Laxey in the Isle of Man, and Joplin in Missouri; 
with silver ores at Sohemnitz in Hungary, and 
Guanaxuato in Mexico. Crystalline masses 
occur in serpentine, talc-schist and other mag¬ 
nesian silicate rocks. As a rule, only quite 
small crystals are found in dolomito-rocks, 
but occasionally good crystals fire found in 
cavities. 

Dolomite-roch^ dolomitic or magnesian lime¬ 
stone, is, as a rule, more indefinite in its charac¬ 
ters and composition, since hero the dolomite 
mineral is mixed with other mineral substances, 
such as calcite, carbonates of iron and mangan¬ 
ese, oxide and hydroxides of iron, argillaceous 
matter, quartz, etc. With increasing calcite the 
rock may pass into ordinary limestone ; and 
some authors restrict the term “ magnesian 
limestone ” to rocks intermediate between 
“ normal dolomite ” and ordinary limestone. 
The presence of calcite in a magnesian limestone 
containing a molecular excess of calcium over 
magnesium may be demonstrated by etching a 
polished surface or a thin section with cold dilute 
acid, when the calcite will be readily dissolvtid 
out, leaving pits ; or by means of the stain¬ 
ing test with Lemberg’s solution mentioned 
above. 

The purest dolomite-rocks are the snow-white 
crystalline dolomite-marbles of the Swiss 
Alps, Norway, etc., which have sometimes the 
character of a statuary marble and (fan bo used 
for ornamental purposes. More often, however, 
the rock is yellowish, grey, creamy or browm, 
and very often cavernous in texture. It is 
usually minutely crystalline, consisting of an 
fl-ggregate of tiny rhombs of dolomite-spar more 
or loss firmly held together, but at times quite 
loose and sandy. Dolomite-rock is of wide 
distribution and is met with in sedimentary 
strata of all geological periods. In England 
a long narrow outcrop extends along the eastern 
slopes of the Pennines from Nottinghamshire 
to the Durham coast. This has long been 
extensively quarried as a building stone, the 
principal quarries being near Anston in York¬ 
shire, Bolsover Moor in Derbyshire, and Mans¬ 
field Woodhouse in Nottinghamshire. Here the 
rock is of Permian ago. In the Dolomite Moun¬ 
tains of southern Tyrol the rock is of Triassic 
age, whilst that of Swabia belongs to the Jurassic 
formation. 

The origin of dolomite-rock has been a subject 
of much speculation and experimental work of a 
chemical character. A review is given in 
Doelter’s ‘^Handbuch der Mineralchemie,” 1912, 
vol. I (hero also is given a large collection of 
analyses, methods of analyses, etc.). That of 
Permian age, which is usually assocuated with 
beds of gypsum and rock-salt, is supposed to 
have been deposited as the double carbonate by 
chemical precipitation from the salt waters of 
inland seas. In some other cases the rock has 
been formed by the action of magnesium-bearing 
solutions on limestone: either contemporan¬ 
eously and progressively with the formation of 
the limestone (as proved by the dolomitisation 
of coral-limestone—the magnesium in this case 
being derived from sea-water), or long subse¬ 
quently by the action of subterranean mineral- 
waters percolating along the bedding and joint 


planes (as in the Carboniferous Limestones ol 
Derbyshire and South Wales). Or again, it 
may have been formed by the weathering and 
leaching of the more soluble calcium carbonate 
from limestones containing a small proportion 
of magnesium. 

The following are analyses of dolomite-rock 
from: 1, Bolsover, Derbyshire: 11, Mansfield, 
Nottinghamshire; ill, Anston, Yorkshire; IV, 
southern Tyrol: 



I. 

11 . 

III. 

IV. 


% 

% 

% 

ro 

CaO 

. 28-6 

29-0 

30-7 

31-4 

MgO 

. 19-2 

20-4 

20*6 

19*2 

FegOg, 

. AlgOg 1-8 

— 

0*73 

1-2 

SiOg 

. 3-6 

3-7 

0-50 

10 

COg 

. 43-5 

44-9 

46-7 

46-1 

HgO 

. 3-3 

21 

0-75 

— 

The 

economic, applications of 

dolomite 

are 

confined to the rock. 

since this 

is much ] 

more 


plentiful and of widcT distribution than the 
crystallised mineral. Its yiriiuiipal us(‘ is as a 
building stone. h\»r this purpose it is more 
suitable than ordimiry limestone, la'ing harder 
and more resistant to solvents, but it needs to 
be (jarefully selected. It is also used for paving 
and road-metal. The Houses of Parliament are 
built of atone from the three Englisli localities 
noted above (Anal. I-lll). The stones from 
these quarries have a crushing strength of 484- 
883 tons per sq. ft., absorption of 4-G-7*5%, 
and weigh 134-152 lb. per cu. ft. Certain 
varieties of dolomite-rock (dolomite-marble) 
find an application as an ornamental stone. 
Dolomite-rock is also extensive!} used for the 
basic linings of Bessemer converters and 
op(in-hoarth furnacies in the manufacture of 
steel. Eor this purpose the rock is calcined 
until it commences to sinter, crushed, mixed 
with gas-tar, and moulded in the furnaces or 
shaped into bricks. The best result is obtained 
when the rock contains 3-4% of FegOg and 
AI 2 O 3 , and about 2^% of 8102- (On British 
sources of dolomite-rock for use as a refractory 
material, v. “ Mineral Resources of Great Britain,” 
Mem. Geol. Survey, 1918, vol. vi.) For the 
preparation of cements and plasters, the rock 
is completely burnt or half burnt below a red 
heat (giving MgO t CaCOg) ; when it contains 
quite a small amount of argillaceous matter it 
gives a good hydraulic cement. It is also burnt 
for agricultural purposes, and is said to be 
especially beneficial for leguminous crops. It is 
a readily available source for the manufacture of 
magnesium compounds, e.g. Epsom salts, mag¬ 
nesium chloride, magnesia alba; but in this 
direction it is not able to compete with the large 
quantities of soluble magnesium salts obtained 
as by-iiroducts from the Prussian salt-deposits. 
Various processes have been suggested for 
extracting the magnesia for use as a refractory 
material. In one, the calcined dolomite is 
mixed with magnesium chloride, forming 
calcium chloride, which is readily removed in 
solution. In another, the calcined dolomite 
is treated with a solution of sugar, when the 
calcium passes into solution as saccharate, from 
which the sugar can be recovered by precipita¬ 
ting the calcium as carbonate with carbon 
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dioxide. When half burnt to MgO+CaCOj 
the magnesia can be extracted by carbonated 
water under pressure. The pure white dolomite- 
marble has been used for the manufacture of 
pure carbon dioxide for use in the manufacture 
of aerated waters. 

L. J. S. 

DOLOMITISATION y;. Coeal (Voh ITI, 
p. 3Gla). 

DOMESTICINE, CJ9H29O4N, belonging 
to the group of aporphine alkaloids, was isolated 
from Nandina domcMica (Fam. Berberidacete) 
by Kitasato (A. 1927, 1094) along with the 
alkaloid nandmine. After the removal of the 
latter, domesticune crystallises from MeOH in 
plates, containing 1 mol. of MeOH, m.p. 115- 
117% (a]p +00-5% insoluble in HgO, sparingly 
soluble in EtgO, soluble in dilute EtOH 
and CHCI3; ferric chloride reaction green; 
it is very oxidisable; absorption specttrurn 
similar to diccntrine. Its O-methyl ether, m.p. 
139% [a]j^ 4-101*7° (in chloroform), is said to 
occur naturally in the fruits of Nandina 
domeatica and is called domoatiric. 

The acid mother liquor, after removal of 
nandinine and domcsticine, contains a third 
alkaloid, iBodojnesticinc^ ^ 19 *^ 1904 ^, m.p. 85° 
(hydrochloride easily soluble in HgO), which 
gives the same methyl other as domcsticine (see 
above) but a difl’erent ethyl ether, m.p. 82°. 

Kitasato and Shishido (Annalen, 1937, 527, 
176) synthesised domcsticine methyl ether, which 
is “ epidicontrine ” ; later Shishido (Amor, 
Chem. Abstr. 1937, 31, 5802) Hynthesised h^vo- 
2:3 -methylonedioxy- S-cthoxy-O- mothoxy-apor- 
phinc, whi(;h was identical with natural dornes- 
ticino ethyl ether. Formula for domc.sticino, 
aae below. Karber references, see Girardet 
(Helv. Ghim. Acta, 1931, 14, 507) and Osada 
(Amer. Chem. Abstr. 1928, 22, 3664). ! 



DOMESTINE v. Domksticine. 

DOMEYKITE. A copper arsenide, CUg As, 
corresponding to copper 71*7% and arsenic 
28*3%. It occurs in roniform, botryoidal and 
compact masses, of white or grey colour, with 
metallic lustre, rapidly tarnishing; H. 3^; 
sp.gr. 7-7*5. Readily fusible before the blow¬ 
pipe, with emission of arsenical vapours. 
Soluble in nitric acid, but not in hydrochloric 
acid. It is found at Coquimbo and Copiapo in 
Chile, at Cerro las Paracatas in Mexico, and at 
Zwickau in Saxony. 

Several other arsenides of copper, more or 
less like domeykite, are known. The Algodonite 
of F. Field is Cu gAs, and occurs at the Algodones 
mine, near Coquimbo. Whitneyite, from 
Houghton Co., Michigan, described by F. A. 
Genth, is Ci^As ; and D. Forbes’s Darwinite^ 
named after Charles Darwin, is a similar mineral 
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from near Copiapo. Condurrite^ from Condurrow 
mine, Cornwall, appears to be a mixture of 
arsenide of copper with various oxidised pro¬ 
ducts derived from the alteration of tennantite or 
some kindred species. The names Keweenmmte, 
Mohav;kite and Ledonmte have been applied 
to various copper arsenides from Michigan, in 
which the copper is in part replaced by nickel 
and cobalt. 

L. J. S. 

DO PA, l-3:4-dihydroxyphenylalanine (v. 
Amino Actus, Vol. 1, ]>. 317d). 

DOREMONE. The acyclic sesquiterpene 
ketone doremone^ CtsHggO, b.p. 145-155% 
12 mm., 0*8705, 1-47160, la]jy -f3° 30% 

oxime, m.p. 88% aemicarhazone, m.p. 124°, 
was isolated by Sommler, .fonas and Roenisch 
(Bor. 1917, 50, 1828) from oil of ammoniacum 
(from Dorema Ammoniaeum Don.). According 
to these investigators doremone contains two 
othylenio linkages jdelding on catalytic h 3 ^dro- 
genation ietraJiydrodorernone, C25H39O, b.p. 
142-144712 mm., d-o 0-84.‘!4, 1-44803, [o]p 

4"]° 24% whilst on reduction with sodium and 
alcohol it gives the alcohol, dorewol, CjjHjgO, 
b.p. ]45-150%12 mm., 0*8702, 1*47130, 

[a]*j® 4 3°. The alcohol is probably present in 
the original oil as the acetate, b.p. 155* 165°/ 
12 mm., d**^'> 0*8896, 1*46596, [a]n 4-4° 48% 

TIjo cori.stitution of doremone is unknown. 

J. L. S. 

DORM I GENE. Trade name for mono- 
bromo25ova]ery]urea, administered as a sedative 
and hypnotic {Allen and llanhurys, London), 
B.P.C. 1934. 

DORMIOL. Trade name for the half 
amyl acetal of chloral, CCl 3 *CH (OH)OC 5 Hji, 
made by mixing amyl alcohol with anhydrous 
chloral; used as a soporilic. 

DORYL r. Choline (Vol. Ill, p. 94tt). 

DOSS. Japanese name for a dyewood from 
an evergreen tree, Ilex Mertenaii Maxim., found 
in the Ogasawara and Okinawa Islands. Con¬ 
tains a dyestuff, doaaetin, crystallising 

in yellow needles, m.p. 271-272° (Ito, J.S.C.I. 
1908, 27, 440). 

DOUGLAS POWDER v. Explosives, 
(k)AL Mine. 

DOWMETAL Alloys, Light. 

DR ACYL. An obsolete synonym for toluene. 

“ DRAFF " V. Brewing (Vol. II, p. 95c). 

DRAGON’S BLOOD is a resinous 
secretion found on the fruits of Dfemonorops 
propinquua and other species of Dsemonorops. 
The resin is obtained by shaking the fruits to 
break their resinous coating and sifting off 
the resin, which is warmed and made into 
masses. It is used for colouring lacquers and 
varnishes and is used to a small extent in zinc 
line engraving. The supply of this rosin comes 
from Sumatra and Borneo. 

The pure resin is almost entirely soluble in 
alcohol, but commercial specimens contain 
much insoluble plant substances which may vary 
from 20 to 40%. The soluble rosin has been 
stated to consist of 50-60% of dracoresino- 
tannol, 1904 , mostly in the form of benzoic 
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and bonzo 3 d-acetic esters ; about 2-5% of draco- 
alban, C 2 (,H 4 q 04 ; and dracoresene, C 28 H 44 O 2 . 
These forraul® must be regarded as approximate 
only. 

Commereial specimens of dragon’s blood 
should not eontain more than 9% of mineral 
matter. 

The speeihe gravity of dragon’s blood varies 
between 1 -IS and J- 20 , the acid value is low and 
the ester value is about 140. Adulteration with 
colophony causes a great rise in acid value and 
a lowering of the ester value. It can be detected 
by the Halphen-Hicks reaction (Ind. Kng. Chem. 
1911,3, 80 ) (sec CoLoniONY). 

Frankel and David (Biochem. Z. 1927, 
187, 14G) state that the rod colouring matter of 
(.'anary clragon’s blood is an unsaturated body of 
the formula Ci 7 H 2 g 04 . It forms an ozonide, 
which on hydrolysis yields a dicarboxylic acid, 
^] 2 ^ 22 ^r»' oxidatioji with dilute nitric 

acid, two acids are formed, dra(‘aenio acid, 
CjiHijO-COOH, melting at 120 ' and con¬ 
taining a koto group, and dractonic acid, 
C 4 H 503 C 00 H, 4 H 20 , melting at 178^ 

Brockmann and Haase {B(t. 1937, 70, [BJ, 
1733) d(‘scribe the red pigment obtained from 
Indiati dragon’s blood as dracoruhiv, Cg 2 H 2405 , 
m.p. 315° and yi(‘lding a compound with picric^ 
acid {ibid. 1930, 69, [B], 1950). 

E. J. V. 

DRIERS V . 1 iKv ttn ( i Oi ns. 

DRIKOLD. Trade name for solid carbon 
dioxide (Imperial Chemical Industries, London). 

B.P.C. 1934. 

DROP GUM or GAMBOGE. A gum- 
resin obtained from (Jarrinia, Jlanburyi Hook. 
Has some use as a y(41ow pigment, but the 
colour is fugitive. 

DROSERA WHITTAKER I . Drosera 
Whittakeri is found in Australia, and grows 
plentifully on the hiUs near Adelaide. The tuber 
of this plant consists of an inner solid but soft 
nucleus full of reddish sap or juice, and an outer 
series of easily detached thin and, more or less, 
dry layers of an almost black material. Between 
these layers are to be found small quantities of a 
brilliant red colouring matter, the amount vary¬ 
ing in tubers of different size and age, but 
apparently more plentiful in the older plants. 

By extracting the tubers with alcohol, Rennie 
(J.C.S. 1887, 61, 371; 1893, 63, 1083) isolated 
a brilliant vermilion powder which contained 
two substances ; these were separated by 
fractional crystallisation from alcohol or acetic 
acid. The principal compound, C^HgOg, 
dissolves in alkaline solutions with a deep red- 
violet colour, and gives a triacetyl derivative, 
m.p. 166°, whilst, by reduction with acid 
stannous chloride, a product, CuHigOg, yellow 
needles, m.p. 216-217°, is obtained. 

The more readily soluble compound possesses 
the formula CiiHg 04 , dissolves in alkaline 
solutions with a deep red coloration and forms a 
diacetyl derivative, m.p. 107-110°. 

Rennie concluded that the compound 
CiiHgOg was probably a trihydroxymothyl- 
naphthaquinone, whereas the substance 
^ 11 ^ 8^4 appeared to be a dihydroxymethyl- 
naphthaquinone. 


! BLOOD. 

A further examination of these compounds by 
Macbeth, Price and Winzor (J.C.S. 1936, 326) 
has confirmed Rennie’s suggestions. The sub¬ 
stance C 41 H 8 O 4 , yellow needles, m.p. 178°, 
is termed droserone, and the compound CijHgOg, 
red plates, m.p. 192-193°, hydroxydroserone. 

These authors examined the absorption curve 
of the triacetyl derivative of hydroxydroserone 
and compared the curves of hydroxydroser¬ 
one with those of naplithazarin, methyl- 
naphthazarin and naphthopurpurin; the results 
indicate that hydroxydroserom^ is a l: 4 -naph- 
thaquinom^ with two hydroxyl groups in the 
yjcr/-positiona, and that the quinone ring is 
fully substituted, i.e. it is 3 : 5 : 8 -trihydroxy- 2 - 
m(‘thyl-1 ;4-imphthaquin()ne (11). 

This conclusion is supported by Macbeth and 
Winzor (ibid. 193.5, 334), who, by means of boro- 
acetic anhydride (Diraroth et al., Ber. 1921, 54, 
[B], 3020; Annalen, 1925, 446, 97), prepared a 
diboroacetate of hydroxydroserone, and a morio- 
boroacetate of droserone. Droserone thus 
appears to be 3:6(or 3:8)-dihydroxy-2-methyl- 
1:4-naphthaquinone. 

Droserone and hydroxydroserone both give 
monopyridine salts and therefore contain at 
least one hydroxyl in a position other than the 
jtien-position (Pfoiffer ei al., Annalen, 1913, 
398, 148). 

Reaction witli tliazom(4hanc* (von Pcchmann 
and Seel, Ber. 1899, 32, 2292 ; Fieser and Peters, 
J. Amer, Chem. So(. 1931, 53, 4080) gave 
results which appeared to imply that in hydroxy- 
droscrone tliere are two adjacent unsubstituted 
positions in the quinone ring (formula I). 
On the other hancl, a determination of the 
reduction potential of hydroxydroserone (Lugg, 
Macbeth and Winzor, J.C.S. 1930, 1457) by 
the method of Fieser (.1. Amer. Chem. Soc. 1928, 
50, 439) indicates that the quinone ring is 
substituted (formula 11 ). 

Winzor (J.C.S. 1935, 330) has synthesised 
hydroxydroserone by condensation of 3:0- 
dihydroxy- 2 -methoxytoluene and maleic an¬ 
hydride in presence of aluminium chloride : 



I. 11. 


The product was identical with hydroxy¬ 
droserone from natural sources. 

A. G. P. and E. J. C. 

DROSERONE v. Droseka Whittakeri. 

D R U M 1 N E. A substance alleged to be an 
alkaloid stated present in Euphorbia Drummondii 
(Ogston, Brit. Med. J. 1887, 451). 
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DRY CLEANING. A process for removing, 
from fabrics, grease and oil and thereby adhering 
dirt b}’^ treatment with non-aqueous solvents. 
The substitution of such liquids for water seems 
to have been first made in France during the 
middle of the last century by the application 
of “ camphene,” a terpene used at that period 
for illuminating purposes. The process was 
introduced into the United Kingdom in I860, 
by Messrs. Pullar & Sons, who greatly developed 
it, employing machinery to a large extent in 
place of the hand labour formerly used. 

Cleaning is carried out by rotating the goods 
in a metal cage immersed in the solvent, which is 
drained off from time to time and replaced by 
less soiled solvent, or continuously clarified and 
returned to the washer. Clarification is effected 
by filtration (Hatfield and Alliott, J.S.C.I. 1028, 
47, 130), centrifugal separation, gravitational 
settlement or settlement by chemical means. 
Distillation under reduced or atmospheric 
pressure (depending on the nature of the solvent 
used) is usually emi)loyed in (‘onjunction with 
the foregoing processes to eliminate soluble 
impurities, such as oils which have a higher 
boiling-point than the solvent. Decolorising 
carbon is also used in some cases for keeping the 
solvent “ sweet.” After cleaning, the goods are ] 
dried, hydro-extracted in the machine or in a 
centrifuge and deodoris(‘d in a current of hot j 
air. 

In large plant, the solvent us(‘d is generally a 
])etroloum benzine or white sjurit. The fire 
hazard is minimised considerably by adequate 
means and the use of a solvent of as high a 
flash-point as is compatible with the rapid drying 
of the goods. Non-inflammable solvents, the 
most important being carbon tetrachloride and 
trichlorethylene, are used in small units, but 
owing to their high price their use in large 
installations is not at present feasible. 

Special soaps, soluble in benzine, are employed 
in dry cleaning. They were first used in order 
to cause the solvent to conduct electricity 
sufficiently to di.ssipate any static charge 
generated in the work being cleaned, thus 
minimising the risk of fire from this means. 
The function of modern dry cleaning soaps, 
however, does not seem to be fully understood, 
except that it is agreed that their action is in no 
way comparable with the ordinary wet cleaning 
soaps. They reduce the surface tension of 
petroleum solvents to a certain extent, and also 
serve as a means of introducing other specific 
solvents into the main liquor which would 
ordinarily be insoluble. The soaps consist as a 
rule of sodium, potassium or ammonium oleate 
or stearate taken into solution by an alcohol 
(generally methylated spirits) and may contain 
quite a large amount of water. Soaps made 
from organic bases have been tried, and the 
use of triethanolamine soaps has met with 
some success in America. 

For further information regarding dry cleaning 
soaps, see Bird, “ Solubility of Dry Cleaning 
Soaps ” (J. Soc. Dyers & Col. 1931, (9), 47, 254; 
1932, (2), 48, 30; ibid. (9), 48, 256); idem, 

** Study of Dry Cleaning Bath ” {ibid. 1933 
(10). 49, 316; 1934 (12), 50. 389); Stuhlman 
and Faber, “ Estimation of Dry Cleaning 


Soaps” (Chem. Fabr. 1930, 3, 531); Hughes 
(National Cleaner and Dyer, 1933, 24, 39); 
T. M. B. Marshall (J. Soc. Dyers & Col. 1935, (7), 
51, 241; 1936, (8), 52, 299). 

For a full description of the methods and 
machinery employed in modern processes of dry 
cleaning and of the apparatus for the recovery 
and purification of the solvents used, .'iree F. J. 
Farrell, “ Dyeing and Cleaning,” Griflin & Co., 
Ltd., 1929; W. Brown, “ Survey of Dry Ck'an- 
ing ” (Dyer, 1933, 69, 1931). 

The Valvation of Dry Cleaning Solvents .— 
A distillation of 100 c.c. of the sample is carried 
out, using an Engler distillation flask fitted with 
a suitable thermometer and a 100 c.c. graduated 
cylinder as recei\'er. The temperature is 
recorded when the first drop of distillate falls 
from the end of the condenser and them when 
each successive 10 c.c. distils. When at the end 
of the distillation, the distillation flask is nearly 
dry, the temperature rises to a maximum and 
then begins slowly to fall, this maximum tem¬ 
perature is taken as the final boiling-point of the 
sample. For full details of this determination 
iind particulars of the standard apparatus 
employed, see “ Standard Methods for Testing 
Petroleum and its Products,” Institute of 
Petroleum. 73iis determination, together with 
a flash-point test and a density measurement, 
is usually sufficient to determine the suit¬ 
ability of a sample as a dry cleaning solvent, 
provided that it is free from any disagreeable 
smell. The spirit should not have a large percen¬ 
tage of low-boiling fractions or high-boiling 
“ tailings,” as the former will denote a low flash¬ 
point and the latter may give rise to odour in 
that they will bo volatilised with difficulty 
during drying. 

Acid can be estimated volumetrically by 
titration with a standard solution of alcoholic 
potassium hydroxide using phenolphthalein as 
indicator, after adding aboiit 10-15% of neutral 
n-butyl alcohol to the sample in order to render 
the petroleum and the alkali solution miscible. 
This method can also be used for the estimation 
of fatty acid in a solvent w hich has been used for 
(^leaning {see Marshall, l.c.). Sulphur does not 
often occur in a good dry cleaning spirit, but if 
suspected, it can be detected by the ” Doctor ” 
test, using sodium plum bite. It is usually 
estimated by burning a weiglied amount of the 
sample in a special lamp, oxidising the products 
of combustion and determining the sulphuric acid 
volumetrically or gravimetrically. For details of 
these methods, see ” Standard Methods for 
Testing Petroleum and its Products ” {op. cit.). 

The presence of any quantity of water is 
usually obvious by a cloudiness in the sample, 
but since even small quantities may be trouble¬ 
some when dry cleaning certain kinds of goods, 
in case of doubt a test should always be made. 
The presence of a small quantity is made 
known either by testing the petroleum with 
anhydrous copper sulphate or shaking up the 
sample with finely powdered potassium per¬ 
manganate, when, if water is present, the per¬ 
manganate clings to the side of the vessel. 
Water is usually estimated by distillation, using 
Dean and Stark’s method (Ind. Eng. Chem. 1920, 
12, 486). 
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Aromatic hydrocarbons may be estimated by 
measuring the contraction which takes place 
when a known volume of the sample is shaken 
with excess of concentrated sulphuric acid. 
A method of estimating aromatic hydrocarbons, 
and depending on the change in critical solution 
temperature with aniline, before and after their 
removal by siilphonation, has been devised. 
Chavann© and Simon (Compt. rend. 1919, 
168,1111,1324; 169,70,185,285,693); Tizard 
and A. G. Marshall (J.S.CM. 1921, 40, 20T). 

T. M. B. M. 

DRYING AND DESICCATION. 

“ Moisture ” has been defined as the liquid 
part or (constituent of a body ; “ drying ’’ as 
the abstraction of moisture ; and “ desiccation ” 
as the thorough deprivation of moisture from a 
substance. 

Such definitions of the words moisture, 
drying and desi(!eation indicate that the terms 
drying and desiccation are not confined to 
the removal of water ordy from a substance', but 
can be used when a liquid other than water 
has to be displacced. 

Further, the difference between the words 
drying and desiccating is oiuc of dc-cgrcH', the 
use of the latter presupposing the com^jlcte 
removal of the moistunc, although in the 
Tnited States of Americca desiccation is list'd in 
connection with drying of food where the 
complete removal of tlu' moisture may or may 
not be essential. 

The existene(^ of matter in the solid, liquid 
and gaseous states and the possibility of remov¬ 
ing moisture from it in any one of these states, 
ail well as the physical properties of the sub¬ 
stances both before, during and after the 
operation, will indicate the magnitude of the 
subject of drying and account for the very largo | 
variety of equipment which has been provided 
for this purpose. 

Another term, dehydration, is defined as 
the removal of water or of its constituents in 
chemical combination, and may therefore be 
considered as a subsection of this subject. 

The removal of moisture from a substam^e 
may be desirable or necessary for a number of 
reasons, among which are those given below: 

(1) To prevent physical or chemical changes 
occurring in tlu; substance, typical examples 
l>eing found in the drying of fruit and vegetable 
products, as well as such substances as leather. 

(2) To prevent loss of moisture from the 
interior of the substance, which is sometimes 
effected by rapid drying of the outer surface of 
the article. 

(3) To pnwent injury to the health of the 
workers or to the goods by the presence of 
obnoxious vapours from the goods in the atmo¬ 
sphere of the workroom or in the storeroom. 

(4) To effect economies in heating problems 
by the removal of moisture which would require 
additional heat during vaporisation or warming. 

(5) To increase the amount of available heat 
liberated by the combustion of a fuel. 

(6) To increase the temperature of the 
products of combustion and therefore the differ¬ 
ence in temperature between the body evolving 
and that receiving the heat. 

(7) To remove moisture which has been 


I introduced either as a solvent, or to cany away 
I extraneous matter from the substance, or during 
transport. 

(H) To reduce the weight of the final product 
and so lessen transport and pac^king charges. 

(9) To enable in some cases a more representa¬ 
tive sample to be obtained. 

Removal of Moisture from Solids. —The 
means adopted to remove moisture from solids 
will depend upon several factors, namely the 
physical and chemical propertic's of the solid 
and the liquid to be withdrawn as well as 
the redative proportion of the liquid to the 
solid in the original material. In general, 
howciver, the separation may be (dfcctcd by : 

(«) J)rainage and settlement. 

(h) Application of pressure. 

(c) Change of state of one (constituent, 
usually vaporisation. 

(a) Drainage, and Settlement .—In this method 
for nunoving moisture the force of gravity is 
freqiKmtly used either to remove the moisture, 
leaving a drier solid, or to cause the solid to fall 
to the bottom ol'the mixture, les ving the clarified 
liquid on the top, whidi can then be He})arated 
by (hutantation or other means. 

Removal of moisture by drainage presu])posos 
that the amount of moist u/(' present is more 
than can be rt'tanied by adhesion to the siirfac(^s 
or in the capillaries of tlu^ solid particles or in 
the int(*r'^ti(ieH Ixdwcen the ])articles. Such a 
method, therefore, whilst removing supcTfluous 
moisture, produces a solid which is damp to the 
touch. 

When settlement is the iiudhod adopt(‘(l to 
separate the solid and licpdd particles, among 
the factors intlueming the rate at which the 
settlement will take place are the viscosity 
(jf the fluid, the relative densities of the solid 
and liquid particles and other factors con¬ 
nected with the interfacial forces obtaining at 
the surfaces of the parti(iles. 

To in(Teaae the rate at which the licpiid is 
removed from the solid particles, th(‘ latter are 
supported on a porous medium and a forf'c 
applied to the mixture which tends to produce 
more rapid flow of the fluid through the mass 
of solid particles. This increased force may be 
due to increased pressure on the free surface of 
the mixture, as is adopted in the filter press, or to 
rapid rotation of the medium upon wlnk'h the 
particles are deposited, as in some types of 
centrifugal separators. With both the filter 
press and this typo of centrifugal separator it is 
possible to for('C air through the mass of solid 
particles dep(xsited on the medium and so 
displace the bulk of the fluid in the interstices, 
thus giving a drier solid than is obtained by 
gravitational methods. 

A variety of machines have been developed 
employing this method, and as these wiU be 
discussed in the se('tion dealing with the sub¬ 
ject of filtration, further reference to them in 
this section will be superfluous. 

The removal of the fluid by drainage or settle¬ 
ment from a solid usually constitutes a pre¬ 
liminary to the subsequent drying, which is 
more frequently effected by pressure or vaporisa¬ 
tion* 
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(b) Drying by the Application of Pressure ,— 
When moisture is removed by drainage, a 
considerable amount is left in the interstices of 
the solid if the latter is an elastic body; the 
application of pressure will therefore tend to 
diminish the volunni of the interstices and cause 
some of the moisture to be exf)elle(l. 

With W'oven mat(‘rials this pressure can be 
applied by twistirig the fibres constituting the 
body into the form of a rope, a pro(U‘ss adopted 
in wringing, by hand, knitted or woven goods. 

The pressure'! can also be apj)lied by passing 
the material between rollers, one of whidi is 
fixed in the frame of the machine and the 
other supported at either end in bearings which 
are free to move in slots h)rmed in the sides of 
the machine. 

Where the machine has only two rollers the 
pressure betwoen them can Ik-! increased above 
that due to the w(ught of the u])per rollfT by 
means of springs which ])ress against the outer 
or upper surfaces of the movable bearings, 'fhe 
lompression of these s{)rings can be adjust( mI 
by screws passirig thrfmgh tapped holes in the 
end of the frame and having their inner (aids in 
contact with plates htPul to the outer ends of 
the springs, wdiilst the outer ends of t he sen'ws 
are provided with hand-wheels by which the 
screw^s can })r rotated. 

In the smaller machines of this type, sudi as 
the household wringer, a single laminated 
si)ring is cmployc^d, the lower ends of wdiich 
rest upon the upper surfa('es of the movable 
bearings, whilst the pressure is apjdied by a 
screw' working in a tapped hole in the centre of an 
arched bar (connected with the tops of the sides 
of the machine. 

Sometimes in these machines a single helical 
spring or rubber block is employed which 
rests on a flat plate fixed to the lower end of an 
adjusting sere# again supported at the (^entre 
of the arched bar. On the top of the spring or 
rubber pad is a metal plate upon whi(di rest the 
inner ends of two levers which are pivoted at two 
points on the arched bar, one on eacdi side and 
equidistant from the axis of the adjusting 
screw. The outer ends of these levers rest one 
on each of the upper surfaces of the movable 
bearings carrying the upper roll. 

The central adjusting screw allows of an 
equal pressure being applied to the tw'o free 
bearings, aiid therefore a uniform pressure over 
the length of the rolls. 

Rolls are frequently employed in pressing oil 
from seeds, although the object of this operation 
is to recover the oil and not to dry the solid 
material. In such cases the oil seeds broken into 
small particles, termed a meal, are fed between the 
top pair of a number, usually five or six, of steel 
rolls placed with their axes in a vertical plane. 
The bearings of the lowest roll are rigidly fixed 
in the end frames of the machine, whilst the 
others are free to slide in slots in these frames. 
Pressure can be applied in the manner indicated 
above to the bearings of the top roll and 
transmitted from one roll to the next through 
the material passing between the surfaces of the 
rolls. With such a machine, however, the 
pressure on the material between each pair of 
rolls will be equal to the pressure applied by the 


springs to the top roll together with the pressure 
produced by the weight of the roUs resting on 
the upper surfaces of the particles. 

Since the axis of the bottom roll remains in 
a fixed p(xsition relative to the frame of the 
ma(;hine the power required to drive the rolls 
issu})plied through suitable nuuihauism mounted 
on exteiiKions of the axles of this roll beyond the 
bearitigs. On the shaft thus formed are also 
mounted, one at cither end, two toothed wheels 
which are in mesh with other toothed wheels 
(;arried on extensions of the axles of the roll 
abov(% this process being repeated for all the 
rolls. Each roll is therefore positively driven 
from the driving shaft of the bottom roll. As 
the distance between the axes of each pair of 
rolls can bo varied, the toothed wlunds by which 
rotation is transmitted from one roll to the 
next should be provided with involutal teeth 
which permit of an alteration of the distance 
between the axes of any pair of rolls without 
dt'stroying the proper meshing of the t<;eth. 

Another machine wdiich utilises pressure as 
th(^ means of removing the liquid jiart or 
constituent of a body is the hydraulic press. 

Such jircsat^s are used in the oil industry for 
})ressing oil from the seeds or meal made 
therefrom, for the dehydration of guncotton 
and similar materials, whilst their use has been 
suggested as a means of reducing the moisture 
(jonient in peat. 

In dehydration by pressure it is sometimes 
found advantageous to displace the moisture 
from the material by anotiuu* and more volatile 
liquid before the pressure is applied. Applica¬ 
tion of pressure, therefore, will displace the 
latter fluid, so that the moisture jiresent in the 
material leaving t he press consist s of a relatively 
small amount of volatile liijuid which can be 
readily vaporised. 

A press of this typo (Eig. 1) (consists of a strong 
metal cylinder open at either end in which the 
material to bo dehydrated can be placed. This 
cylinder is bolted to the upper flange of another 
cylinder containing a ram in such a position 
that the ram is free to move inside the first 
cylinder. Fixed to this flange of the lower 
ram cylinder are four columns which support a 
second inverted cylinder, also containing a ram, 
which when fuUy extended closes the upper 
end of the first cylinder. Attadiod to the 
bottom of the lower ram is a hollow tail-rod 
which, passing through a suitable stuffing box 
and gland in the base of the lower hydraulic 
cylinder, supports at its lower end a counter¬ 
balanced weight which is sufficient on the 
removal of the hydraulic pressure under the 
ram to pull the ram back into the ram cylinder. 
As this hollow tail-rod also provides the means 
by which the liquid pressed from the charge can 
leave the press, the lower end of this hole through 
the axis of the rod is connec^ted by a flexible tube 
with storage tanks for the reception of this 
liquid. 

Two small rams, operating in cylinders placed 
on either side of the cylinder which receives the 
charge, are connected at their upper ends to a 
crosshead fixed near the lower end of the upper 
ram and are used to raise that ram when the 
pressure in the upper cylinder has been released. 
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Near the top o<’ the charge cylinder is the 
opening through which the volatile liquid can 
be pumped into the charge. The iipper Hurface 
of the lower ram iw arranged to support a strong 
filtering medium and to allow any liquid passing 
through this medium to escape to the receiver. 

The method of o})erating the press is to lower 
the bottom ram and then fill the charge cylinder 
with a known quantity of material. Once this 



charge has been placed in position the upper ram 
is lowered to close the top of the charge cylinder. 
The volatile liquid is now pumped into the 
charge displacing the original liquid present 
in the charge. This passes through the filtering 
medium on the top of the lower ram and escapes 
to the receiver. When displacement is complete 
pressure is applied simultaneously to the upper 
and lower rams, but only the lower ram moves 
into the cylinder and compresses the charge 


against the upper rain. During this operation a 
ctonsiderable amount of the volatile licpiid is 
pressed from the charge and escapes to the 
receiver. At the end of the compression period 
the pressure on the upper ram is released and 
this ram is raised by the auxiliary rams. On 
admitting further pressure to the lower cylinder, 
the lower ram will rise and force the compressed 
charge out of the (diarge cylinder. 

Oil pres.ses, on the other hand, have usually 
only on(5 hydraulic cyhnder, the top of this 
ram being provided with a flat plate with a 
groove round the edge to collect the liquid 
pressed from the charg(?, which is retained 
between the ram and the head of the press by 
one of tw o methods. 

In the first the meal is placed insidt; a woven 
cloth termed a bag, and a number of these bags 
wdth a metal plate between each pair of bags 
are placed on the table of the ram until the 
I space between the top of the ram and the anvil 
is nearly full. When the ram is raised the charge 
is 8ubje(;led to pressure and the Liquid escapes 
through the W'oven material forming the bags 
and is collected in tlie groove round tlie table of 
the ram. 

The sectond typo is know’n as the cage press, 
since the material to be pressed is placed inside a 
metal ('age made of metal rods arrang(‘d like 
staves of a ))arrel but having narrow^ o])enings 
between ea(rli pair through which tlx; liquid can 
escape w hen the pressure is api)]ied. lletween 
the top of the rage ajid tJx^ underface of the 
anvil a space is provid(Hl for introducing the 
charge into the cage. Once the cage is full a 
movable head consisting of a (ylinder having 
the same diameter as the internal diameter of 
the cage and a length equal to the stroke of the 
ram is placed between the anvil and the top of 
the cage*. When the ram is raisc^l it compresses 
the material against the undeiflsurfate of tliis 
head. 

Pressure has been used to remove moisture 
from such substances as peat, and thereby 
increase the amount of heat per unit weight of 
material fed to the furnace. Hinchlcy (Proc. 
Chem. Eng. Group, 1922, 4, 141) has stated 
that the water in peat as it occurs in a drained 
bog amounts to from 85 to 90% and that 
after hot pressing apphed slowdy and ultimately 
reaching 1,000 lb. per sq. in. the water content 
of a sample of peat from Norfolk ranged from 
50 to 35%. 

(c) Change of State of the Liquid .—By far the 
commonest method of drying solids is by chang¬ 
ing the state of the liquid to be removed into a 
vapour and then withdrawing the vapour from 
contact with the solid. 

To effect the change of state from a litjuid to a 
vapour the minimum amount of heat required 
will be the latent heat of vaporisation, but 
this presupposes that the liquid and the solid 
with which it is associated as well as the 
surroundings have already attained the tem¬ 
perature at which the vaporisation takes 
place. This vaporisation of the liquid takes 
place at the free surface of the liquid which is 
the interface between the liquid and the gas 
into which the vapour passes. 

In a solid saturated by a liquid the free 
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surface of the latter coincides with the surface 
of the solid. When evaporation occurs in such 
a case, therefore, the concentration of the 
Uquid in the outer interstices of the solid is 
reduced and so, if the free surface of the liquid is 
to be maintained in its original position, the 
liquid in the inner interstices of the solid must be 
capabJe of reaching the free surface of the 
liquid at an equal or greater rate than it is being 
removed from that surface. 

When the rate of diffusion of the liquid 
through the solid falls below the rate of evapora ¬ 
tion at the free surface of the liquid, then this 
rate of diffusion bec'omes the controlling factor 
in the rate of drying of the solid. The free 
surface' of the li(piid may even recede into the 
solid. There seems also to be evidence of the 
existence at the free surface of the liquid of a 
practically stationary layer of gas which is 
saturated by the vapour evolved from the 
liquid. The thickness of this layer will be 
influenced by the viscosity of the saturated gas, 
the nature of the sohd-liquid surface in contact 
with it and the velocity of the gas over the 
surface. 

Before, therefore, any vapour evolved from the 
liquid can enter the main body of the gas, it 
must ])aMS by diffusion through this stationary 
layer. Unless the gas is being continually 
changed as drying proceeds, the greater will be 
the quantity of vapour which it will contain. 
As the vapour content of the gas increases, the 
greater will become the thickness of the saturated 
layer at the interface and therefore the slower 
the rate of diffusion of the vapour into the gas. 
This diminution of the rate of diffusion of the 
vapour into the gas will continue until the gas 
has become saturated with the vapour, when the 
loss of moisture by the solid will cease, since as 
long as the system is kept at a fixed temperature 
vapour entering the gas will cause an equal 
quantity of liquid to condense on the solid. 

Increase in the temperature of the system will 
increase the amount of vapour required to 
saturate the gas, but in many instances the 
abihty of the dried or drying solids to withstand 
elevated temperatures has to control the maxi¬ 
mum temperature employed. It is therefore 
customary when using this method to eject the 
gas, nearly saturated with vapour, out of the 
clryer by the admission of gas which is un¬ 
saturated or only slightly charged with the 
vapour which is being driven from the solid. 
By this method a largo amount of heat is 
required to warm the incoming gas and a large 
amount of heat is carried away by the vapour¬ 
laden gas leaving the dryer. Sometimes to 
economise tlie amount of heat required by this 
process a portion of the hot vapour-laden gas 
is mixed with the cold gas to warm it, and al¬ 
though this increases the moisture content of 
the entering gas, thus diminishing the amount 
of moisture which it can absorb and the rate 
of drying, it also reduces the amount of heat 
required to bring the entering gas to the desired 
temperature. 

When the rate of diffusion of the vapour 
through the stagnant layer of saturated gas 
at the free surface of the liquid is less than the 
diffusion of the liquid to the interface, the rate 
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of drying of the solid is dependent upon the rate 
of diffusion of the vapour. 

Should the temperature of the material be 
such that more vapour is produced per unit 
time than can pass through the stagnant layer 
I at the interface into the bulk of the gas, the 
j pressure created by this vapour in the interstices 
I of the solid may cause displacement of the 
j particles forming the solid. Distortion of the 
I partieffos forming the solid may bo produced by 
the stresses caused by unequal shrinkage 
! between the surface and centre of the material, 
which frequently occurs when the rate of 
! diffusion of the licpiid to the surface falls 
below the rate of evaporation from the surface. 
Control, however, can be exercised over the rate 
of evaporation from the surface by adjusting the 
saturation of the gas used to carry away the 
vapour. Sometimes, too, as the loss of moisture 
from the particles constituting the outer layers 
proceeds physical clianges occur which prevent, 
or seriously curtail, the diffusion of the lifpiid 
in the interior of the solid to the surface and 
therefore stop, or retard conside^rably, further 
drying of the material. In some industrial 
operations, for example, drying of soap, the 
drying (conditions are adjusted to produce a 
* dried layer through which the liquid at the centre 
I cannot (easily diffuse. The term “ case 
I hardening ” when used in connection with 
j drying solids has been applied to this effect. 

Since the boiling-point of a licjuid increases 
I with increase of pressure on the free surface, 
when the material being dried is unable to 
withstand a temperature corresponding to the 
boiling-point of the moisture at atmospheric 
pressure, then the drying operation must bo 
effected at temperatures b(dow the boiling-point 
or under reduced pressure. 

Equipment for Drying Solids. 

One of the methods of classiliccation of dryers 
is according to whether the solid being dried 
enters in the wet state at one end of the dryer 
and, moving continuously through the plant, is 
finally discharged in the dry state, or whether a 
quantity of the wet material is placed in the 
dryer and remains there until sufficient moisture 
has been removed. 

The first type is referred to as a continuous 
dryer, whilst the latter is known as a dis¬ 
continuous or batch dryer. 

Another way of classifying dryers depends 
upon the pressure existing in the dryer and is 
indicated by the terms “ atmospheric dryers,” 
to denote plant in which pressures equal or 
greater than atmospheric exist, and “ vacuum 
dryers,” where the goods being dried arej 
subjected to pressui’es less than atmospheric. 

Cronshaw (“ Modern Drying Machinery,” 
Ernest Bonn, Ltd., 1926) groups drying equip¬ 
ment according to the form of the material 
handled during the drying process into five 
sections, namely; 

(1) Materials in the form of sheets or masses 
which are carried through the dryer in conveyors 
or in trays. 

This section can be subdivided into batch or 
continuous dryers, which can be further 
subdivided into atmospheric or vacuum drj^ers. 
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(2) For tho drying of loose granulrir materials 
a rotary dryer is a common typo of equipment 
which is continuous in action and works at 
pressures at or above atmospheric. 

(3) When the material is in the form of 
long continuous sheets cylindrical dryers arc 
fre quontly empl oy ed. 

(4) In the drying of pastes, sludges ami 
crystals which tend to cake, agitator dryers 
working at or about atmospheric pressure or 
under vacuum are commonly employed. 

(5) When the material to be dried is in solution 
drum dryers operating either under atmospheric 
pressure or in a vacuum are frequently used, or 
the solution is sprayed into a chamber (U)ntaining 
hot gas or superheated steam, a prfxiess terme<l 
spray-drying. 

Compartment or Tunnel Dryers.— Dryers 
belonging to this group are used in the removal 
of raoisturo from a largo vari(dy of substances, 
such as bricks, potttny, tiles, ceramic ware, 
timber, and vegetable products like fruits of 
various kinds, rubber and tobacco, animal pro¬ 
ducts such as hides, leather, glue and gelatin, 
laundry goods, including long lengths of cloth, as 
well as such jjroducts as ])aper, soap, wall- 
board, gypsum-board, and enamels and varnish('s 
used as metal coatings. 

Usually the materials to bo dried an» placed 
upon suitable (’onveyors or trays and in com¬ 
partment dryers remain stationary until tho 
drying is completed, whereas in the tunnel dryer 
the wet materials enter at one end and the 
dried goods leave at tho other. 

Air is uauaUy employed to carry off the vapour 
evolved, the movement of the gas and the vapour 
associated with it being caused by (a) the 
convective currents produced by changes in 
temperature or (6) by mechanical means, such 
as a fan. 

Since compartment and tunnel dryers are 
used for drying a large number of products 
each having distinctive characteristics and often 
requiring a peculiar sot of drying conditions, the 
design of such plant must be based upon past 
experience or depend upon the result of small- 
scale tests carried out in the laboratory. 

The compartment dryer, Fig. 2, consists of a 
rectangular chamber and is provided with doors 
through which the material to bo dried, either 
placed on trays or carried on trucks, can be 
introduced into and, after drying has been 
completed, removed from the chamber. In the 
conventional arrangement shown in Fig. 2 the 
air is drawn by the fan A and forced into the 
top end chamber B, from which it escapes by 
passing from left to right through the top 
layers of tho goods into the chamber C at 
the right-hand end of the dryer. Chamber C is 
about double the depth of B and serves to turn 
the vapour-gas mixture through an angle of 
180°. 

The vapour-gas mixture therefore flows from 
right to left through the next layers of the 
goods, from which it extracts more moisture and 
then enters the end chamber 1), where its direc¬ 
tion of flow is reversed so that it then passes 
through the next lower set of layers of the goods 
to be dried. 

This reversal of the gas flow may be repeated 


several times, so that ultimately the gas leaving 
the drying chamber contains a large percentage 
of moisture. 

Heating elements arc provided in the end 
chambers. B, C, 1^, etc., to warm the gas and 
vapour before it again passes tlirough tho 
materials being dried. In this way the gas and 
vapour mixture is maintained veil above tho 
temperature at whicli it would become saturated 
with the vaj)our aud so deposit moisture on the 
material being dric^d. Whilst in contact with 



Fig. 2.—Diaorammattc Sketch of Compart¬ 
ment Dryer. 

A. Circulating fan. 

H, C, J), E, E. Heating ehambm. 

Jl. Heaters. 

], Cold gas inlet. 

O. W arm ga.s and vapour outlet. 

S. Shelves lor supporting materials being dried. 

V. Butterfly by-pass valve. 

the material heat will be transferred from tie 
gas-vapour mixture to supply the latent heat 
required for vaporisation of the moisture being 
removed. This loss of heat by the jnixture of 
gas and vapour will result in a reduction of 
temperature, which will bo restored again by 
passage over the next heating element. 

Tunnel dryers (Figs. 3 and 4), on the other 
hand, are long chambers of rectangular cross- 
section open at either end for the entrance or 
exit of the goods, which are placed either on 
trucks or bogies which travtd on rails on the 
floor of the dryer or upon a suitable conveyor in 
the bottom portion of the tunnel. Sometimes, 
when drying materials like cloth, skins or sheets 
and in the drying of paint and enamel on metal 
goods, the conveyor is situated near the top of the 
tunnel. 

The warmed gas used for drying can pass 
through the tunnel either in the same direction 
as the material being dried or in the opposite 
direction. In the parallel flow type of dryer, 
since the hot gas comes in contact with cold 
materials containing the most moisture, it may 
enter the dryer at a higher temperature than in 
the counter-current system, where it comes in 
cof^tftct with the dried goods. 
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With the parallel flow system the tempera¬ 
ture of the entering gas must be such that after 
supplying the latent heat required to vaporise 
the moisture removed from the material the gas 
and vapour leaving the dryer will be at a 
temperature higher than that at which moisture 
will be again dej)08ited on the dried material. 

Usually, however, in tunnel dryers the move¬ 
ment of the material being driecl in its passage 
through the tunnel is in tlie opposite direction 
to that of the gas. With this arrangement the 
dried material comes into contact with the 
hottest gas, whilst a comparatively cold gas 
containing a large percentage of moisture in the 
vapour state leaves at the other end of the dryer. 
If no moisture is to condense on the entering 
material the entering gas must be at sm^h a 
temperature that after losing tlie heat required 
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to vaporise the moisture and warm the dried 
material to the temperature at which it leaves 
the dryer, the mixture of gas and vapour 
leaving the drier must be above the temperature 
at which it would be saturated. 

Since the dried material is in contact with 
the hottest gas as it leaves the dryer, the heat 
which it (jarrios away will be a maximum. 
Further, this arrangenit^nt can only be employed 
with materials which in the dry state are not 
damaged when brought into contact with the 
gas at its highest temperature. 

To minimise the heat removed by the dried 
materials and to prevent damage by their 
contact in the dry state with the hottest gas, 
other arrangements are employed. In such 
dryers cold gas enters the tunnel at the end 
where the dry goods are discharged (Fig. 3), and 



Fig. 3.—Diagrammatic Sketch of Tunnel Dryer. 

A. Cold air inlet. K, Door at exit of dried materialH. 

n. By-pass for hot, damp air redreulation. F. Materials being dried loaded on trucks. 

C. Circulating fan. .Door at ir.Irt cf niatcri"!". 

1). Heater for wanning air. H. Exhaust of warm air and vapour. 


during its passage over those hot materials 
abstracts some of the heat as well as the final 
moisture and is thereby preheated before it 
enters the heating chamber, whore its tempera¬ 
ture is greatly increased. It is then brought into 
contact with warm material containing a com¬ 
paratively high jiercontage of moisture, the 
vaporisation of which prevents the temperature 
of the goods becoming too high although they 
are in contact with the hottest gas. This is the 
drying zone of the plant, and after leaving 
it the principal function of the hot gas and the 
vapour which it contains is to warm up the wet 
material before it enters the drying zone. 

Sometimes in its passage through the drying 
zone the gas and vapour associated with it are 
heated several times by passing in series through 
a number of heating chambers arranged on 
either side of the drying zone. In such dryers 
the hot gas and vapour flow bacjkwards and 
forwards across the material as they pass through 
the drying zone. 

To prevent the escape of gas and vapour at the 
ends of the tunnel these are usually provided 
with mats of woven materials which can be 
removed for the passage of trucks. 


Care must be taken in the design of the truck 
or belt and the loading to ensure equal resistance 
to the flow' of the drying medium so that it is 
compelled to pass round the goods being dried. 

When the drying zone is in the central portion 
of the tunnel and the flow of the drying fluid is 
at right-angles to the movement of the material 
being dried, halflos are arranged to guide the 
drying fluid through or over the goods and 
prevent it from passing directly from the outlet 
of one heater to the inlet of the next on the same 
side of the tunnel. 

By these baffles, therefore, the drying zone is 
divided into a number of cells such as are illus¬ 
trated diagrammatically in Fig. 4. 

Since compartment and tunnel dryers can be 
used to remove moisture from a large variety 
of substances having very varied properties, the 
temperature at which the drying is effected 
varies considerably. A psychrometric chart is 
very useful in the solution of drying problems of 
this type, in which air is the gas used to supply 
the heat to the material being dried. 

Such charts are formed by drawing the 
requisite number of percentage humidity curves 
having as abscissae dry-bulb temperatures and 
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as ordinates the weight of water vapour per 
unit weight of dry air required at any specified 
dry-bulb temperature to give the percentage 
humidity of the air desired. 

Starting from various points on the 100% 
humidity curve a series of adiabatic cooling 
curves can bo drawn, each of which represents 
what is taking place as a sample of air is 


humidified and cooled under adiabatic con¬ 
ditions whilst in contact with water at the 
same temperature as is registered by the wet- 
bulb thermometer. By suitable manipulation 
of the humidity scale at either end ol the 
diagram the acUabatic cooling curves can be 
represented by a series of straight linos which are 
parallel to one another and starting from the 



A. Kails at exit end wluire dried goods leave tunnel. CJ. Outlet for liot, damp air. 

K. Cooling ciiambor vviiere hot dried goods are cooled H. Kails at inlet end of dryer, 

and entering air preheated, 

C. Heating chambers for air. Fans draw air from H over iieatei C across tunnel to 

i). Flexible flaps which press against the goods and K, from K to second heatei- C, and flnally discharge 
prevent short-circuiting of the air. hot air and vapour over ine.oining wet goods in F ami 

E. Spaces in whicdi goods are dried. thence to chiminw G. MovcTiient of goods from right 

F. Space for warming Met goods by hot waste air, to left, 

on M'ay to outlet. 


100% humidity curve slope downwards to the 
right to the abscissa. The application of this 
chart is as follows (Fig. 5). If the air entering 
the dryer is at a temperature of and contains 
^ 1 % moisture, then it will be represented by 
A on the psy(;hrometric chart, w'hich is found by 
drawing the ordinate through the temperature 



$1 to cut the relative humidity curve corre¬ 
sponding to Xi%. If the maximum tempera¬ 
ture of the air coming in contact with the 
material to be dried is not to exceed $ 2 ^ then 
since the air whilst in the heater is not receiving 
any moisture the condition of the hot air leaving 
the heater will be represented by a point B, 
which is given by the intersection of the ordinate 


through $2 and a constant humidity line drawn 
through A to intersect this ordinate. If the 
air during its ])assage through the material to be 
dried is cooled adiabatically and after its 
passage through or over the goods has a relative 
humidity denoted by 0:2%, then by drawing 
from li an adiabatic cooling line to cut the 
humidity curve corresponding to Xg the point 
0 wall be obtained. The difference in the ordin¬ 
ates of the points C and A measured on the 
humidity scale wiU represent the weight of 
moisture taken up by unit weight of dry air 
during this operation. Should this mixture of 
air and vapour bo again brought to the tempera¬ 
ture $2 by passing through the next heater, the 
condition of the mixture is represented by the 
point D on the chart, w'hich is found by drawing 
the constant humidity line through C to cut an 
extension of the ordinate through the tempera¬ 
ture $ 2 . 

By following a second adiabatic cooling line 
drawn through the point D until it intersects 
the 3:2% humidity curve in the point E and 
again taking the difference measured on the 
humidity scale of the ordinates of E and D, the 
weight of vapour which has become associated 
with unit weight of dry air during the second 
passage over the material to be dried can be 
determined. This process can be repeated for 
the remaining heaters and the subsequent 
passage after each heating of the mixture of air 
and vapour over the material being dried. The 
value of the final ordinate of the point of inter¬ 
section of the last adiabatic cooling curve with 
the X 2 % humidity curve measured on the 
humidity scale less the value of the humidity 
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of the cold air entering the dryer will give the 
weight of moisture associated with unit weight 
of dry air leaving the dryer. 

The temperature of the mixture of air and 
moisture leaving the dryer is given by 
the intercept on the abscissa made by the 
ordinate of this point. Knowing, therefore, 
the weight of material to bo dri(Hl ])er unit time 
and the amount of moisture to be removed, om* 
can determine the weiglit of di-y air which must 
be passed througli the dryer pei“ unit time to 
effect this. From a knowledges of th<‘ ])ressure 
of the air, the various t emperat ure^s at. the difler- 
ent points, the latent heat of the* moisture 
removed and the degree of saturation of the air, 
cahuilations can be made to determine volumes 
of the air—moisture mixturi's flowing per unit of 
time past various point.s in the dryeu-, as well as 
the quantities of heat to bo su])pli(Hl to the 
mixtures during their passage tlirough th(‘ 
heaters and the quantity of lieat removed by the 
mixture of air and vapour leaving the dryer. 

The maximum temperature 6^ to which the 
air can be heated before being brouglit into 
(iontact with the wet material varies considerably 
and has to be deciideal from past exp('rience of 
drying the material or by laboratory t(‘sts u])on 
samples in an experimental plant. 


Tunnel dryers generally work at or about 
atmospheric })re8sure and are mostly continuous 
in action, wheieas (iompartment dryers can be 
designed to work above, at or below atmospheric 
jnessure and are usually of the batcdi typo. 
With pressures below atmos[)heric the material 
being dried is Iieated by being pia(!t‘d on heated 
shelves and the va]jour thus evolved removed 
by a \a(!uum ])um}). \hicuum drying, since it 
involves the expenditure of a considerable 
amount of energy in the maintenance of the 
(‘hamher at the low jiressun' as well as entailing 
a heavy outlay on vacuum pumps, ejectors, 
condensers and a niasvsive and t^areful (um* 
struction of tlie drying (hamher, does not 
provide the (duuijH’st or most (‘conornical method 
of drying materials which are capable of with- 
staiiding in the dry stat(‘ moderately high 
tem]>eratun‘s. For materials, however, which 
can ordy bo dried at lou' tempcraturivs, vacuum 
drying is often the only method which can be 
employed. 

JtoTARY Dryers. —Rotary driers, shown in 
Figs. (), 7 and S, ojicrate (athcr by bringing the 
material into direct contact with the hot gases 
leavitig a furnace, or by passing tlu'se gases 
through a central tine to tlu^ end of the dryer 
o])positc to that at which flu* furnace is situated 


E 



Fk 3. b.—D iagrammatuj Rki'rjosex'tation of Single Sjiell Rotary Dryer. 


A, Furnace. 

IL Jleooptaclc for dric'd umPaial. 

C, G.ylindri(‘.al dryer. 

i>. (Uiainhcr for wast(' gases. 

E. Chiiimcw or fan. 


F, flopjuT for wet material. 

(1. FccMling d(‘Yic('. 

II. (dnitc. 

K. 'I’yrcH and rolh'rs for snpjjorting (lylindcr. 
\j. M(>clianiKin for rotating tiic cyliiuicr. 


and then bringing the j)artially cooled gases 
into contact with the material which has to be 
dried, or by using the hot gases or vapour to 
heat another medium such as air, which is then 
brought into direct contact with the material, 
or by passing the heating medium through a 
closed duct or ducts with the outside of which 
the wet material comes into contact during its 
passage through the dryer. 

In the first instance the dryer is referred to 
as of the direct heating type, whilst the term semi- 
direct heating is applied to the intermediate 
method, and indirect heating to the last system. 

When the material and the drying medium 
pass through the dryer in the same dii-ection 
VoL. IV.—5 


the term paralkd flow is applied t(^ the u|)paratua, 
but if the movement of the material through the 
dryer is in the opposite direction to that of the 
drying medium the dryer is classified as belonging 
to the counter-current ty})e. 

Dryers of this class of the Bingk^ shell type 
consist of a thin cylindrical shell open at 
either end and pla(!ed with its axis either hori¬ 
zontal or slightly inclined to the horizontal. 
Flights are fixed to the inner surface of the shell 
and these are so arranged that the>' lift the 
material and so cause it to fall through the hot 
gases. The material to be dried is fed into this 
cylinder at the upper end and after moving 
along the length of the cylinder falls in the dried 
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state from the lower or discharge end into a 
suitably placed hopper. Each end of the drying 
cylinder passes through an end wall of one of 
two chambers, usually made of brick, in such a 
manner that whilst the cylinder is free to 
rotate round its own axis the leakage of the hot 
gases from the furnace, which is situated in the 
chamber surrounding the lower end of the 
cylinder, into the atmosphere both at this 
point and where the upper end of the cylinder 
passes through the end wall of the second 
chamber is reduced to a minimum. 

The chamber surrounding the upper end of 
the dryer is provided with a chimney or fan 
to remove the hot gases laden with moisture 
from the plant and often acts as a support 
for the hopper containing the material to bo 
dried as well as for the feeding device and | 
chute by which the wet material enters the 
dryer. I 

An illustration of a dryer of this type is shown 
in Fig. 6, whilst an improved type of single 
shell ciryer is illustrated in Fig. 7. 



Fig. 7.—Diagbammatio Repbbsentatiok of 

THE Improved Type Single Shell Dryer. 

A and B. Butterfly valves. 

C. Chimney for waste gases. 

1). Inlet pipe for wet material. 

E. Dryer. 

E. Receiver for dried material. 

G. Furnace. 

Tyres and rollers for supporting the cylinder and 
mechanism for rotating it not shown in the diagram. 

In this dryer the hot gases from the furnace 
enter a brickwork chamber which completely 
surrounds the middle portion of the rotating 
cylinder, only short portions of which project 
through the end walls. Enclosing the lower end 
of the rotating cylinder is a smaller chamber 
usually made of metal, the lower portion of 
which forms a receptacle for the dried material 
whilst the upper end is connected by a pipe 
containing a butterfly valve with the nearer end 
of the brick chamber. Another pipe, also pro¬ 
vided with a butterfly valve, connects the other 
end of the brick chamber to a second small 
chamber, which encloses the upper end of the 
rotating cylinder. 

This chamber is connected to the chimney by 
which the waste gases are removed from the 
dryer. Through this second small chamber 
passes the feed pipe by which the wet material 
is introduced into the upper end of the rotating 
cylinder. The furnace which produces the hot 
gases used for drying is in a separate brick 


chamber which is connected by a flue to the 
brick chamber surrounding the dryer. 

If butterfly valve A is closed and B is open, 
the gases will pass directly to the chimney and 
drying of the wet material is effected by contact 
with the hot walls of the rotating cylinder. 
Should, however, valve B be closed and A be 
open, then the hot gases enter the lower end of 
the rotating cylinder and pass upwards, against 
the flow of the material being dried, into 
the second small chamber surrounding the 
upper end of the drying cylinder, and from 
there to the chimney stack. Although, in this 
dryer, the greater portion of the drying is 
effected by direct contact of the wet material 
with the hot gases, a small amount of drying is 
duo to the contact of the wot material with 
tlie hot wall of the rotating cylinder. 

Such a dryer would illustrate the semi- 
direct method and ensures that the dry material 
leaving the rotating cylinder comes into contact 
with gases at a much lower temperature than 
in the case of the plant shown in Fig. 6. 

Damage, therefore, is less likely to occur to 
the dried material by bringing it into contact 
with partially cooled gases, and since the dried 
material will be at a lower temperature than 
in the first instance the heat lost on the re¬ 
moval of the dried product will be reduced. 

The drying capacity of the gases will be 
increased, since at the lower temperature a 
larger amount of drying gas will pass through the 
dryer if the velocity of the gas is kept constant. 

Another interesting dryer of this type is the 
double shell dryer. This apparatus, shown 
diagrammatically in Fig. 8, differs in external 
appearance from the first typo described in 
that both the entrance of the hot gases and the 
removal of the cooled gases and moisture take 
place at the upper end of the rotating cylinder, 
whilst the dried material is removed at the 
lower end. In this dryer a second cylindrical 
shell having a much smaller diameter is fitted 
with its axis coinciding with the axis of the 
larger cylinder. The upper end of this small 
cylinder is connected with the outlet from the 
furnace so that the hot gases pass through 
this large tube to the lower end of the rotating 
cylinder. Since this flue is shorter than the 
outer shell the gases can enter the annulus 
formed between the inner and outer cylinders 
and thereby flow in the opposite direction to 
the material which enters this annulus at the 
upper end. 

Flights are fixed to the inner surface of the 
outer shell and the outer surface of the inner 
tube to lift the material and make it fall through 
the hot gases passing along the annulus. The 
draught is produced by a centrifugal fan which 
in the illustration is mounted on the roof of 
the furnace. The end chamber to which 
the suction pipe is attached is stationary and 
has an annular opening at the lower portion 
which projects into the annulus of the rotor. 
Into this annulus is admitted the material to be 
dried and which on reaching the lower end of the 
dryer in the dried state is carried by a series of 
vanes in the end portion of the rotor to the outlet 
placed at the centre of the end wall of the rotating 
cylinder. 
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A modification of the double shell type is 
known as the combination dryer. In this 
dryer, when the drying of the material has 
to be effected by indirect heat, the hot gases 
from the furnace are drawn down a central flue 
to the lower end and then pass through radial 
passages into an annulus formed by the outer 
shell of the dryer and the outer wall of an inner 
annulus formed by the inner tube and a third 
and larger concentric tube which divides the 
space between the inner tube and the outer 
shell into two annuli. 

The material undergoing treatment is fed 
into the inner annulus at the upper end and 
is discharged in the dried condition at the 
lower end, whore, if necessary, a valve is 
fitted to pass the hot gases through the inner 
annulus if drying on the semi-direct system is 
desired. 

When the latter method is adopted the hot 
gases passing through the inner annulus can 


escape through openings at the upper end of the 
anmdus into the fixed chamber surrounding 
this part of the plant, which is connected to the 
section of the fan by which the hot gases are 
drawn through the dryer. 

Sometimes in the simpler forms of dryers of 
this type instead of flights being fitted the 
interior of the rotating cylinder is subdivided 
into a number of cells or interconnecting 
compartments by plates or metal pieces of 
cruciform- or Y-section or buckets. 

In the fusion dryer, instead of having a 
number of plates rigidly fixed to the shell, 
one or more lengths of steel pieces having three 
or more flat blades projecting radially from and 
rigidly fixed to a central bar are placed in the 
shell. 

These pieces, termed breakers, are rotated 
by the movement of the shell, and during this 
rotation lift and spray the material being dried 
through the drying gases. 


t 



A. Furnace. F. Waste gas chamber. 

13. Inlet pipe for hot gases from furnace. G. Fan for removal of waste gases. 

C. Centre flue supported by braces from outer shell H. Entrance for wet material. 

not shown in Mg. K. Driving mechanism for rotating dryer. 

D. Outlet for dried material. L. Supports for rollers. 

E. Annulus for return gases. 


In the Pherson dryer the circumference of 
the rotating shell at the charging end is divided 
into a number of equal parts by short radial 
plates which are fixed to the inner surface of the 
shell. 

The depth of these plates gradually diminishes 
to zero at a point about two-thirds of the 
length of the cylinder from the charging end. 
To the inner edges of these plates other plates 
are fixed so as to form an inner shell and a 
series of louvres so arranged that the rotation 
of the drum withdraws them from under the 
charge and so prevents any of the latter falling 
through the openings. At the inlet end of the 
dryer is a cover which does not rotate with the 
shell. This cover has throe openings, two near 
the centre, through one of which the material 
is admitted to the dryer and through the other 
the waste gases and vapours are withdrawn. 
The third opening is situated near the circum¬ 
ference of the cover and is so arranged that it 
co mm unicates with those passages over which 
the material is lying. Through this opening the 
hot gases for drying the material enter the 
passages which are at that period below the mass 
of material in the dryer, flow through the louvres 


and then through the material before they can 
reach the outlet. Intimate contact between 
the hot gases and the particles of the material 
being dried is thus effected in a simple and 
efficient manner. 

The portion of the drying cylinder beyond the 
gas passages can be used to cool the dried 
material, whilst it can be easily arranged to by¬ 
pass a portion of the waste mixture of gas and 
vapour into the suction pipe of the fan which 
is used to drive the hot gases through the bed 
and thereby reduce the cost of fuel for the 
plant. 

Attached to the outside of the shell of these 
dryers are two or more machined rings or tyres 
which rest on small rollers placed on the founda¬ 
tions of the dryer. The breadth of these rollers 
should be greater than the breadth of the ring in 
contact with them so that any axial movement 
of the latter due to the change in temperature 
of the drying cylinder will not diminish the 
bearing surfaces between the ring and the rollers 
by moving the former over the edges of the 
latter. To maintain the dryer in a fixed position 
relative to the furnace, etc., thrust rollers 
consisting of two circular discs fixed to vertical 
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shafts and placed one on each side of one of the 
tyres are used. 

Rotation of the shell is effected through 
bevel or spur gearing which is frequently 
mounted on the same base as one set of rollers, 
and driven by an elecdric motor, whilst the 
auxiliary equipment should include a device 
for admitting tlie material to bo dried at a 
uniform rate into the dryer. 

When direct or semi-direet heating is employed 
the furnace can be finul witli coal, coke, w'ood, 
pulverised fuel, oil or gas, but where drying 
has to be effectcMl at relatively low temf)eratures 
steam-ht'ated dryers are employed. 

Machines of this type ar(i used for drying 
granular materials siieh as agricudtural products, 
coal, leaves, peat, road stone, salt, sand, stone, 
straw, sulphate of ammonia and cottonseed, 
whilst some makes are spcadally adapted for 
drying slurries such as caustic lime sludge, 
cement slurry, China clay and «jrganic refuse 
as well as the residues from sewage works and 
w'ater«softeuing plant. 

In laundries and dry-cleaning establishments 
the preliminary removal of moisture is usually 
aocom])lish(<d in (!entrifiigal raachiru's and then 
the goods are subjectcid to final drying by hot 
air in nuKihiru's described as drying tumblers. 
Machines of this tyj)e consist essintially of a 
perforated cylinder which is placed so that it is 
capable of revolving on its axis, which is 
horizontal. Surrounding the cylinder is a 
suitable casing upon which arc placed the fans, 
heaters, driving mechanism by which air drawn 1 
through filters is heated and passed through the 
material in the rotating cylinder, the rotation 
of which is being periodically reversed by the 
driving mechanism. Ilie material is introduced 
into and removed from the dryer through doors 
in the cylinder w'all and casing, the latter of 
which is (sarefully covered with heat-insulating 
material to minimise heat losses. 

Vertical Dryers. —Since hard, gritty 
materials are liable to cause excessive wear and 
therefore large maintenance costs in rotary 
machines, verticjal dryers are now being more 
frequently employed in drying such substances. 
The vertical clryer also elfects a saving in the 
cost of ])ower to run the machine. Vertical 
dryers are used for the removal of moisture from 
such materials as coal, stone or wheat. A 
natural classification of this type of dryer 
depends upon whether the passage of material 
through the dryer is accomplished by gravita¬ 
tional or mechanical means. 

The essential feature of dryers of the first 
type is a vertical chamber through which 
the material flows by gravity, their variety of 
type being dependent uj)on the manner in which 
the drying medium passes through the material. 

This can be effected in three ways : 

(а) By admitting the heated gas or air at the 
bottom of the chamber and allowing it to flow 
upwards through the descending material. 

(б) By directly heating the descending 
material by a stream of hot gas or air which 
moves across the descending material (Fig. 9). 

(c) By heating the material indirectly through 
contact with pipes or ducts through which the 
hot gas or air is constrained to flow. 


DESICCATION. 

The first of these methods is self-explanatory, 
but in the second method louvred openings have 
to be provided in one pair of opposite walls 
of the drying chamber. In some dryers of this 
type the drying chamber consists of the annulus 
formed between two concentric cylindrical w^alls 
in w hich openings are provided for the admission 
of the hot gas and its removal at a lower tem- 



Fia. 9.— Diagrammatic Sketch of Flap Type 
OP Dryer Similar to Lopolco Dryer, 

A. Outlet for waste Rases, 
li. Inner louvrerl cylinder. 

0, Outer louvred cylinder. 

1). Annular space betw(*en B and 0 containing 
material to be dried. 

G. Outer shell of dryer forming with 0 another annular 
space into which hot gases enter through E. 

F. Exit of dried material. 

perature together with the vapour it has 
I)roduced. 

A cylindrical dryer of this type (Fig. 9) is 
formed of three concentric cylinders, the inner 
pair being provided with ports through which 
the hot gases admitted to the outer annulus 
pass through the material into the central exit 
shaft. 

In drying chambers of square cross-section 
inclined planes are frequently fitted to the 
perforated sides so as to constrain the material 
to follow a zig-zag path during its descent of 
the chamber. Often, too, plant of this type 
having two drying chambers are arranged 
with a space between them which is enclosed 
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and forms the compartment from which the hot 
gas is admitted siimiltanoonsly to each of the 
drying chambers. 

Dryers of the third type (Fig. 10) are also made 
either square or rectangular in section. Through 
the side walls ol the chamber thus formed metal 



Fio. 10.— Diagrammatic Sketch of Rifj’le 

Dryer (Luther) Suitable for Grain. 

A. Perforated outlet japes for wariu damp air. 

B. Perlbrated inlet pipes for warm dry air. 

C. V-shaped hopi)er8 for KuidiiiR flow oi praiii. 

D. fJouveyors for removal of drh'd material. 

ducts are placed through which the heating 
fluid passes. These ducts arc designed so that 
the material cannot lodge on the upper surfaces 
and should be so placed relative to one another 
that uniform heating of the surrounding material 
is attained. 

Sometimes the lower portion of the vertical 
dryer is used to cool the dried material before 
it leaves the dryer. 


DESICCATION. 

The heating medium employed and its 
temperature will naturally depend upon the 
material being dried. When coal is being dried, 
prior to its entry into the grinding plant, flue 
gases mixed with air are used so that the maxi¬ 
mum temperature of the drying material will 
not exceed lOO^C., and in this ease the moisture 
content can be reduced to about li%. Drying 
of grain, peas, beans, coifee, etc., is usually 
accomplished by passing heated air through the 
mass, thus requiring the installation of an air 
heater and fan, and such e(|uipment must bo 
provided when the ])urity of the dried material 
precludes the use of waste flue gases. Figures 
relating to the drying ol wheat indicate that a 
suitable drying tein])erature is about (jO"C. and 
that the moisture content may range from 19*4 
to 14*2, depending upon class, jx^riod of jx'ar and 
olher factors. 

Belonging to the second grou]) are a 
number of dryers in which tlic drying chamber 
is cylindrical in shape. Inside tliis chain her in 
oiu* of these machines four or more horizontal 
shelves are fixed. f]a(;h sludf extends eom])lctely 
over the cross-sixstion of the chamber and is 
jirovided at tlu' c(‘ntre witli a circular hole 
through which a driving shaft piisses from top 
to bottom of tlie dryer ajid to wliidi arr fixed 
the rabble arms. Near the outer wall of the 
dry(‘r, holes ar(‘ formed in the toj) sludf, whilst 
on the shelf helow similar openings are provided 
round the central shaft. This arrangmnent is 
repeated on all the sluf vc'S, the (xJd numbereil 
shelves beginning with the top shelf liaving 
holes near the wall of the chamber and the 
remainder ojienings niNir the shaft. 

Rabble arms are fitted into soikcts jirovided 
for that pur])()se on the central slialt, the rabbles 
luung arranged so that on tlui top and odd 
numb(;red shelves the material being dried is 
moved from the centre of tlui shelf outw'ards 
towards the holes near tlu^ chamber wall and 
on the remainder of tlun shcK es inw ards tow^ards 
the central ports. 

J^y this arrangenuMit the material being dried, 
whieli is fed on to the toj) shelf near the centre 
of the drjmr, is moved alternat(*ly out to the wall 
of the dryer, w here it falls through the openings 
on to the shelf below, and then towards the 
centre; the process is rc])eated until the dried 
material is discharged from the botlom shelf. 
The drying medium is admitted to the sjiace 
between the two lowest shelves and passes into 
the spaces above through tlui openings by w hicli 
the material falls on to the lower shelf. In 
this w'ay counter-current flow is eifeiitcd between 
the material and the drying medium. If 
indirect heating is desired the shelves can be 
made hollow' and the heating medium jiassed 
therein. This type of dryer has been termed the 
revolving rabble dryer. 

The next type is known as the revolving 
plate dryer (Fig. 11), in which the drying 
chamber is cylindrical in shape and placed 
with its axis vertical. Concentric wflth the 
axis of the drying chamber is a shaft to which 
four or more circular discs are firmly fixed 
so that rotation of the shaft through bevel 
gearing usually placed at the bottom of the 
dryer will rotate the discs. The external 
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diameter of these discs is less than the internal 
diameter of the chamber, so that material 
moving over the upper surface of a disc under 
the influence of centrifugal force, on leaving the 
outer edge of the disc, can fall vertically through 
the opening between the disc and the wall of the 
dryer. Between each pair of discs a plate is 
fixed to the inside of the wall of the drying 
chamber. These plates form hollow truncated 
cones the apices of which point downw'ards. 
Material, therefore, on falling through the 



Fig. 11.—Diagbammatic Sketch of Revolving Plate 
Type of Dbyeb, fob example the Coleman 
Sand and Stone Dbyeb. 

A. Charging hopper. 

B. Suction fan for removal of gases. 

C. Flat rotating disc. 

D. Conical chutes delivering on to lower discs. 

E. Saucer-shaped lower discs. 

F. Inlet for hot drying gases. 

G. Outlet for dried material. 

H. Bevel drive for disc shaft,. 


gap between the disc and the chamber wall, is 
collected on this cone and directed thereby 
towards the centre of the dryer, where it drops 
on to the next revolving disc. This process is 
repeated until the dried material is finally 
discharged at the bottom of the dryer. Hot 
gases enter at the bottom of the dryer and flow 
in the opposite direction to the material being 
dried. Indirect heating could be obtained in a 
dryer of this type by making the discs hollow 
and by admitting the heating medium to these 
spaces tlttough a system of holes, one set paraUei 
to the axis, and with another set connecting these 
radially in the rotating shaft. 


In one machine using the turbo- system ol 
drying (Fig. 12) there is a series of circular shelves 
placed one above the other. Each shelf is 
formed of a number of sectors and between each 
pair of sectors is a gap through w'hich the 
material can be scraped on to a sector of the 
shelf below, since the gap between each pair of 
plates is directly above a sector on the shelf 
below. Immediately after the sector receives a 
charge of material it passes under a device 
which spreads the material in a uniform layer 
over the sector. The inner edges of these 
sectors are rigidly fixed to a frame which 
is rotated by a suitable mechanism at 
the bottom of the dryer, so that the 
material spread on the sector remains 
there for one revolution, which may 
take from 2 to 14 minutes, before it 
comes into contact with the scraper 
which pushes it through the gap on to 
the sector below. 

Inside the revolving frame carrying 
the sectors are a number of turbo-fans 
so arranged that the drying gas is 
alternately drawn into the centre and 
pushed towards the circumforence 
through the spaces between the shelves. 
Round the peripheries of the shelves 
are a series of heating elements which 
warm the drying gas, whilst enclosing 
the whole equipment is a circular casing. 
The wet material in the form of crystals 
or powder enters through an opening 
in the top cover, placed immediately 
after the scraper, and the dried material 
leaves through an opening in the 
bottom cover. A second opening in the 
bottom cover admits the cold gas, 
which must first pass across the lowest 
heater before coming into contact with 
the material on the lowest shelf. 

The drying gas highly charged with 
moisture leaves through a second 
opening at the centre of the top cover. 

The pivoted flap vertical dryer con¬ 
sists of a vertical shaft provided with 
a series of perforated floors which 
are pivoted and can be tilted in 
rotation, thus allowing the material 
to fall on to the floor below, whilst a 
current of hot air passes upwards 
through the chamber. Dryers of this 
type are used to dry vegetables. 

Dbying Machines fob Long ob 
Shobt Lengths of Matebial. —Such 
machines are constructed primarily for 
the paper and textile industries. When long 
lengths of flexible material have to be dried the 
material usually passes in the form of a band 
over one or more hot rollers or, as in the 
tentering machine, is stretched between 
two continuous belts or chains which move 
through the drying chamber. Cylindrical 
drying machines (Fig. 13) consist of a number 
of hollow cylinders made either of copper 
or of tinned iron and having their axes parallel 
to one another. In the horizontal type of 
machine the axes lie in one or more horizontal 
planes, whereas in the vertical type the plane or 
planes which contain the axes are vertio^ Each 
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Fig. 12. —Diagrammatic Skkt('h or Arlen Buell Turbo Dryer. 


A. Circulating fans. 

A|. Cold air fan, 

B. Circular shelves made in seginentR with spaces 
hetweon each pair of segments. 

C. Heating elements. 

1>. Inlet of wet material. 


E. Exit of hot gas used in drying. 
l'\ Cooling chamber. 

a. Exit of dried material. 

H. Inlet of cold gas used in drying. 
K. driving mechanism of fan. 

j.. Driving mechanism of shelves. 



Fig. 13.— Diagrammatic Sketch of the Drying Rolls in Paper Making Machine, 

Fourdeinier Type. 

A. Steam heated drying rolls. D. Hood for removal of warm, wet air. 

B. Wet paper entry. E. Return of drying felts. 

C. Dry paper exit. 
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of thewe types may bo further subdivided into 
two cJasses, namely {a) those in which the 
band of material being dried is brought into 
contact with the hot surfaces on one side only 
and {b) those in whicli both sides of the material 
constituting tlui band come into contact with 
the liot surfa(;es. iMachines in which only 
one side of the band comes into (ontact with the 
hot surfaces are formed by arranging all tlie 
heated (!\Iinders wdth their axes in one plane 
and prov iding a series of idlers or rollers over 
which the material passes immediately before 
it comes into contact with and after it leaves each 
hot cylinder. No r(3llers are employed to guide 
the material being dried in machines belonging 
to the second group, although in paper making 
machines of this class rollers are required to 
direct the accompanying felts. The axes of the 
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Fig. 14.— DiAGRAiviMATic Sketch of M.C. or 
Single Cylinder Paper Drypjr. 

A. Hood for removal of vapour and air. 

B. Large sD’ani-hcatcd drum. 

C. Exhaust for hood. 

I), lloll over w’hUdi dried paper Icavc'S drum. 

K. Pressure n^lls. 

F. .Boll carrying Iclt X by which wot paper is brought 
to drum. 

(1. Lower band ol felt carrying wet paper. 

H. Wet paper. 

X, 'fop band of felt carrying wet paper. 

L. Dried pai)er. 

M. Axle for admi.ssioii of steam to and removal of 
condensate from J{. 

P. I’oaition of wet papc*r on felt X. 

drying cylinders are arranged alternately on 
one of two parallel planes in such a manner 
that the a,x(‘s of any three conMoentive cylinders 
are at the corners of an e(juilat(‘ral or isoseclos 
triangle. Steam is introduced info these cylin¬ 
ders througli one of tlie axles, whilst the con¬ 
densate is removed by means of a stationary 
pipe wliich on entering tlu's eylindcr is bent 
downw'ards and is of such a length that only 
sufficient opening betw'een the low’cst point of 
the inner surface of the cylinder and tlio end of 
the pipe is provided so that sufficient liquid can 
enter the pipe to ktioj) it running at maximum 
capacity. As steam usually contains small 
quantities of non-eondensable gases, unless these 
are removed they will accumulate in the 
cylinders and greatly affect the heat transmitted 
through the walls. A second pipe is therefore 


I introduced, which is usually bent upwards inside 
I the cylinder, to remove these non-eondensable 
gases. Hand holes are also provided in the ends 
of the cylinders to allow of access to the interior 
for cleaning and repairs. 

The axles at one end of the drying cylinders are 
extended and on these are fixed the driving gear 
by which the cylinders are rotated. Electric or 
belt drives are common on these machines, since 
the peripheral speed of the cylinders has to vary 
slightly to correspond to the shrinkage of the 
paper as drying proceeds. 

Over the cylinders is a light metal hood 
connected with a fan to withdraw' the air 
laden with moisture. Sometimes ])erf()rated 
pi])es are placed at e()nvenient points to assist 
the rapid removal of tlu^ moisture-laden air. 

In the M.G. or Yankee^ machine (Fig. 14) a 
single cylinder ol' large diameter is used instead 
of a number of smaller cylinders. The angle of 
lap of the paper round this cylinder is increased 
by making the paper pass over two rollers or 
idlers placed with their axes close together below 
the large (cylinder. Since in this dryer only one 
side of the paper comes in contact with the hot 
cylinder tliis side alone possesses a smooth 
finish. C-ylindcrs in both the single and multi¬ 
cylinder types of machine should be about 
4 in. longer than the width of the material 
being dried so as to allow' of the material 
running slightly asktnv without leaving the 
drying surfa(3es. Atmosjdieric valves should 
also be j)rovidod on the ends of each cylinder 
to prevent its colla])sing under the vacuum 
which forms when tho steam supply is closed 
and the steam remaining in thc! cylinder 
condenses. 

Dryers ^ of tlie turbo type can also be used to 
dry loose fibres, hanks anil fabrics, either in 
the form of a eontinuoiis leiigtli or as individual 
pieiii^H, as w'ldl as boards of a delicate nature. 

In machines of this typo the impeller for 
moving tho drying gas is rotated by a horizontal 
shaft and discharges this gas in such a manner 
that it passes in the opjiosite. direction to the 
goods which are being dried. Round the 
perif)hery of tho turbo is the arrangement for 
carrying tho material being dried, which, for 
boards, consists of pairs of frames hinged at tho 
inner point and fittiMi with wire-woven screens 
whieli are opened and closed automatically 
whcui the holder is at the outlet to permit of the 
removal of tho dried board and the insertion 
of a wet board in its plaice. 

For drying loosi? fibres the outer surface of this 
rotor consists of a perforated cylinder upon 
wdiieh tlie fibres are held by means of an endless 
belt so arranged that it carries the fibrous 
material on to the perforated drum and then 
retains it in contact with thc drum during the 
remainder of the revolution. Porosity of the 
belt allows of the circulation of the drying gas 
through the perforated surface, then through the 
material and finally through the endless belt 
itself. 

With long lengths of woven material the 
endless belt becomes unnecessary, the material 
being held on to the perforated surface by 

^ T. J. Horgan, “Modem Drying Machinery,*’ 
Proc. Chem. Eng. Group, 1935, 17, 65-81. 
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passing over two idlers so arranged that the 
angle of lap of the cloth on the drum is largo. 
Another of these machines is specially designed 
to dry hanks, which are automatically kept 
stretched during drying, tlie tension being 
released at the part of the rotation where dry 
hanks are removed and wet hanks inserted to 
render these operations easily effected. 

The heating elements are arranged in the 
spaces between the casing of the machine and 
the sides of the rotating membiT carrying the 
goods and are so designc:d tliat the greatest 
amount of heat is added to llie air shortly before 
it reaches the air exit and when it is heavily 
laden with moisture. Rank dryers, however, 
have a different arrangement, for in thes(i 
machines the heaters ai-e across the casing and 
are placed between the outer run of the turbo and 
the inner edge of the rotor so that the air 
delivered ]>y the turbo must pass over the heater 
before it coriu's into contact with the hanks. 

Tcntering nnu^Jiines ^ are used in the textile 
industry for drying long lengths of cloth. 
JJuring the drying process the clotli is subjected 
to tensile stresses which, in addition to the 
removal of folds and creastjs, adjust the relation¬ 
ship between the warp and the weft. The 
})rin(a])al ff'atures of these machines arc two 
parallel chains which move in guides one on 
each side of the machine. To the links of each 
chain arc lixed th(‘ combs carrying the tenter ])ins 
or cli})s whi<‘h are automatically o])erated so 
that tliey lirmly grij) the cloth on its entry into, 
and keep it stretched during its passage through, 
the dryer. At eitluir end of tin* drying (tiambcr 
are telescopic, rolh'rs which reverse tlic direction 
in which tlu^ cloth travels. 

Th(*, distance betw een the side frames of thesis 
machines can be adjusted to suit various widths 
of cloth by mc^ans of screws which can also lx* 
used to stretdi the fabric in the direction of the 
w’cft. Cutting or lolding g(^ar is provided 
at the outlet end w^hich removes the dried cloth 
from the tenter pins or clips and lays it on to the 
pile. Twitch rails are also prov ided to prevent 
the shrinkage of the cloth in the direction of its 
length. 

Drying is eff’eeded either by blowing currents 
of hot air through the w^ov(>n material or by 
j)assing the cloth over heated plates placed 
between the rollers. In the latter case the heat 
required to vaporise the moisture in the cloth 
is obtained either by direct contact w'ith the 
hot surfaces or by radiation of the heat th(‘re- 
from. Measuring devices are also fitted by 
which the operator is informed of the correct 
width and length w hich the fabric should ])ossesa 
during its passage through the machine. 

The material leaving the drying machine 
usually contains less than the normal amount of 
moisture and takes up moisture from the 
atmosphere until equilibrium is established 
between the water in the cloth and the water 
vapour in the air. The regain is between 8 and 
10 %. 

Agitator Dryers. —Machines of this type are 
useful for drying material in the form of grains, 
powders, small lumps, sludges or substances 

^ J. Schofield, “ Cloth Finishing, Woollen and 
Worsted.” Netherw'ood, Dalton & Co., 1927. 
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which are too sticky to handle in a continuous 
manner. The material, therefore, is usually 
moved by mechanical agitators over a hot sur- 
hiee with which it is in direct contact. 

One form taken by this type of dryer is a long, 
shallow' trough of recdangular cross-section 
made of metal plates. At one end of this 
trough is a furnace the products of (combustion 
from whicJi pass through a Hue, the top of 
which is formed by the bottom of the trough. 
The wet material, consisting of concentrates or 
slimes obtained from ono dressing operations, 
or other materials which when wet form a 
stieky mass and when dry are liable to produc^e 
dust, is fed on to the trough at tlie hottest or 
furna(*e end. Above the trough is a 8crai)er con¬ 
veyor which extends the full length of the trough. 
The scrapers used are slotted, the slots being so 
d(‘signed that tlie movement of the scraper 
turns tlie material as well as moving it towards 
the cold end of the trough, where it is discharged. 



A, Ikw’ci gear for ilriviiig stirrer. 

It Stirrer. 

(t .lacketed iiau. 

J). Exit for dried material. 

K. fillet for material. 

E. Outlet for vapour to coiidonsor. 

(i. Sn*am inlet to jacket. 

11. Condensate from jacket. 

Anotlier form of agitator used in this type of 
drv(u* has tlie scrapers attached to a rigid frame 
wliicli at the mid of the stroke is raised until the 
scrap(‘rs do not touch the material before the 
return stroke beegins. At the end of this stroke 
the scrapiu'K are low^ertMl into the material, 
thus completing the eyck? of ofierations. This 
typ(^ of agitator lessens the tendency of sticky 
material to adhere to the rakes, but since the 
rakes, etc., hav(^ to be raised at the end of each 
forw ard strokes more energy is required to drive 
the agitator. 

For drying batidies of granular or sticky 
materials the dryers are freijuently made in 
the form of shallow eylindi ical pans (Fig. 15). A 
vertical shaft to which the scrapers or rakes are 
attached has its axis con(;entrio with the axis of 
the pan and is rotated by suitable gearing. 
Ojienings are provided either in the side or 
bottom of the pan through w^hich the material is 
discharged on completion of the drying. Jackets 
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are formed round the lower part through which 
the heating medium is circulated or the pan is 
built into a brickwork setting containing a 
furnace, and heated by the hot gases therefrom. 
The charge is admitted to the pan through an 
opening in the cover, whilst a second opening in 
this cover permits of the withdrawal of the 
vapours evolved. 

Another type of dryer, extensively used for 
drying waste materials such as blood, con¬ 
demned meat, fish, offal, poultry, refuse from 
slaughterhouses and vegetables which are to 
be used in the preparation of manures, consists 
of a jacketed cylinder which is placed with 
its axis horizontal (Fig. 16). 

Openings are provided in the end covers for 
the introduction of the waste material and the 
removal of the vapours evolved. As very little 
air or other gas circulates through the diyer 
the plant is really an evaporator, although it is 
continuaUy referred to as a drying machine. 



Fig. 16. — Diagkammatio Sketch of Agitator 
Batch Dryer. 

A. Inlet of heating medium to jacket. 

B. Jacketed cylinder. 

C. Inlet of material to be dried. 

I). Outlet of vapour. 

E. Revolving scrapers or agitators. 

F. Driving gear for agitator shaft. 

H. Outlet for dried material. 

K. Drain for condensate from jacket. 

8. Agitator shaft. 

Supported by bearings suitably fixed to 
the covers is a central shaft, driven by spur or 
worm gearing, which carries a number of cast- 
iron arms, the outer edge of each of these being 
fitted with a steel scraper. The dried material 
is usually discharged through an opening either 
in the w^ or cover at the end opposite to that at 
which the material enters the dryer. Heating is 
usually effected by the admission of steam to the 
jacket, the temperature of the inner shell 
depending upon the pressure of steam used. 

A fourth group of agitator dryers resembles the 
cylindrical dryer described above, but the 
casing is a trough of U-shaped cross-section. 
Round the lower portion of this trough the 
jacket is fitted, into which a portion of the heating 
medium is fed. The agitator in these dryers 
is in the form of a worm or ribbon conveyor 
which, in addition to moving the particles of 
material undergoing drying relative to one 
another, also moves them slowly along the trough 
to the exit of the dryer. Sometimes heating 
devices are incorporated in the agitator so as to 
obtain more uniform heating of the material in 
the dryer. 

One form of dryer of this class comprises a 
series of laige horizontal tubes fitted with such 
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conveyors. The tubes are placed one above 
the other with their axes in one vertical plane 
and are connected at alternate ends with the 
tube below. The material which is admitted 
at the top thus passes in series through these 
tubes before it can reach the outlet in the lowest 
tube. 

Drum Dryers for Liquids. 

' Many finely divided materials are often 
obtained mixed with a liquid to form a thick 
cream which is capable of adhering to a hot sur¬ 
face. One useful dryer (Fig. 17) for such material 



Fig. 17.— Diagrammatic Sketch of Film 
Dryer showing Bullneb Feeding System. 

A aod B Feeding rollers. 

C. Air inlets. 

D. Heated drum where film is dried. 

E. Exit of hot gas and vapour. 

F. Adjustable knives to remove dried material from 
drum. 

G. Exit of dried material. 

consists of a hollow drum which is arranged so 
that it can be slowly rotated about its axis, which 
is horizontal. Steam for heating the drum is 
admitted through one of the axles, and pipes 
are also provided through the same or other 
axle for the removal, in a similar manner to 
that employed in the paper machine, of the 
condensate and any non-condensable gases 
which may be present in the steam. The fiuid 
is fed in a uniform layer on to the outer surface 
of the drum at or near its lowest point. During 
the rotation of the drum the moisture is 
evaporated and the dried material is removed 
by one or more knives or scrapers placed a 
little above the point at which a fresh film is 
deposited on the drum. Machines of this 
type can be enclosed in casing and can thereby 
be made suitable for drying poisonous or 
harmful materials. As the di^ng is rapid it 
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can be efiFected at high temperatures, and there- grooved and the material in the form of a wet 
fore such machines can handle materials sensitive paste is pressed into these grooves. It is thus 
to heat, but with very delicate materials or in contact on three sides with the hot surface of 
when a low temperature is essential the evapora- the drum, which thus provides a largo surface 
tion of the liquid can take place under reduced across which heat can enter the material, 
pressure by connecting tho casing to a vacuum Knives placed in each groove remove the dried 
pump. Such machines are, however, more material in the form of curved blocks of square 
elaborate in construction, since if they are to run cross section. Should further drying of these 
continuously an arrangement must be provided blocks be necessary they can be delivered on to 
for removing the dried material without destroy- an endless belt which passes through a heated 
ing tho vacuum inside the casing. chamber or over hot plates. 

In another machine of this type described in A variation of this type of machine known as 
Ind. Eng. Chem. 1938, 30, 919, 1004, termed the the double drum dryer (Fig. 18) has two cylinders 
Aeroform dryer, the surface of the drum is and is frequently installed for drying such 


A 



Fig. 18.— Diagrammatic Sketch of Double Drum Dryer. 


A. Vapour outlet of hood. D. Scraper shafts. F. Scrapers. 

B. Vapour hood. F. Drying drums. G. Worm conveyors. 

C. Feeding trough. 

materials as milk, potatoes, pulp, soap flakes, trough containing the liquid to be dried and 
etc. makes contact with the drying cylinder along 

Various methods are used for feeding dryers a line on its cylindrical surface at another 
of the single and double drum types. One point. 

simple method consists in placing a tray below Feeding of the wet material in tho double 
the drum in such a position that a small portion drum t3rpe of dryer is arranged between tho 
of the surface of the drum touches the free drums, either in the form of a spray—as in the 
surface of the liquid. The level of the liquid in soap-drying machine—or by means of two short 
the tray is kept constant by a float valve or by continuous belts or chains, one for each drum, 
admitting more material to the tank than the which dip at their lower ends into a small tray 
drum can remove and allowing the surplus to placed between the drums below the plane 
return to the feed pump over a constant level containing the axes of rotation. Such an 
weir. Other ways of producing the film on arrangement is employed in one of the double 
the drying roller are by means of a pipe with drum dryers designed for drying potatoes, 
either a slot or a series of perforations through Spray Drying of Liquids. —Considerable 
which the liquid is delivered to the hot surface, or attention has been given during recent years 
a pan placed on the surface of the roller and fed to the development of dryers for liquids con- 
with the liquid, or a small roller which dips into a taining solids in solution or suspended in the 
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liquid as very fine particles. In machines of atomisation of the liquid by means of centrifugal 
this type the liquid is subdivided into very small force. 

particles, which are then brought into contact When atomisation is cfl'cctod by the first of 
with a hot drying fluid. Subdivision of the those methods ])ressur(*s varying from aliout 
hquid into drops of small dimensions greatly 45 to 2,000 lb. per sq. in. have boon used to 
increases the surface of contact between the force the h({uid through the nozzle. {Since the 
liquid and the hot gas used for drying, thereby opening is Ibrmcd in a thin plate (considerable 
increasing the rate at which the heat can be erosion of the opening is likeW to ensue, and when 
transferred from the hot to the cold bodies, this occurs the atomisation will no longer 
The large interfacial area between the liquid, in be uniform. Moreover, the maituial leaving 
the form of flno drops, and the hot gas also the nozzle in the atomist'd aiat(^ will form a 
permits of the rapid removal of the vapour coue and the particles at the centre will not have 
generated by the heat supplied by the hot gas. the same intimate contact with the hot gases as 

the atomised ])articles on the 
j surfacf'. LJnc(jual drying is therc- 

likely to n'sult with this 
_arrangement. 

B With tlui second method uni- 

f ^ form atomisation of the li(juid is 

T~^—I—I—1- 1 —|- T — • ; - again diflicult to ohtaJn and thero- 

I- ^—j— “ \ J^rrrrrmfT drying is not uniform 

L _ —LijlljlLLLLLLL lLII J D throughout the jnoduct, iiisufli- 

cieut time luung allowed for the 
1^1 - I I icmoval of moisture, in the third 

? .F I } method, in which tiio atomisation 

I ^1 * } of the li(juid is ac(‘om})lished by 

\ } the use of comjucssed air, three 

1 ! types of atom iseis have been tried. 

I I Atomisation is accomplished in the 

I^i I j first typ(i by making a jet of (!om- 

I ! I prtjHsed air imj)ing('at righi-anghjH 

I j j t o the jot of liquid to he atomised 

G I ^ ' as it issues ii'om th(‘]i(pud nozzle. 

' I I With this arrangenumt there is 

! ^^ 1 -r r;'^ ‘" v. Ti _i possibility of incrustation of 

/I I r~\ the nozzle with dri('d material and 

V vJ \ erosion may also occur in the 

"i---nozzle, both of these- tending to 

I y' y' prevent the production of a 

V--/ yZ uniform product. In the second 

.- --yK method the liquid is fed into a 

y' tube having a conical end with a 

\. y^ small o[)euing ; along the axis of 

N, y^ this tube extending about lialf the 

y^ length of the outer tube is another 

y/ tube also fitted with a conical end 

Nv in which there is a small opening 

N. y^ through which the compressed 

\ . H X air passes. 8uch an atomiser 

i I operates at the relatively low 

I pressure of about 5 lb. per sq. in. 

Eig, 19. —Diagrammatic Sketch of Kestner Spray Dryer. atomise 


A. Spindle for driving atomiser. 

B. Cold air inlet. 

C and D. Hot air inlets. 

E. Atomiser, 


E. Bag filters. 

C. Connections for bag filters. 
H. Outlet for dried material. 
K. Liquor inlet. 


milk. 

The third atomiser, which is 
used in theNubilosa spray dryer, 
has a small tube which terminates 


in a converging, diverging nozzle 
Microscopic examination of the particles of solid through which the liquid passes. Surrounding 
obtained by this process indicate that so rapid this tube is an inverted conical chamber into 
has been the transmission of heat to the drop which the air is admitted tangentially at the top. 
that the sohd particles obtained by the removal The nozzle projects through the opening 
of the liquid form a thin spherical shell which formed by truncating the cone, leaving an 
has frequently been burst by the pressure of the annular opening through which the air flows 
vapour at the centre. round the outside of the jet. 

Various methods of atomising the liquid for Air pressures of about 35 lb. per sq. in. are 
spray drying have been used. These include usual in this nozzle and the air issues with a 
(a) forcing the liquid under pressure through a turbulent motion and at high velocity, which 
smaU opening in a tlun plate ; (b) pouring the ruptures the jet of liquid and produces a uniform 
liquid on to a rotating disc ; (c) atomisation mixture of air and finely divided liquid particles 
of the liquid using compressed air; and (d) like a fog. 
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Centrifugal force is the means adopted for 
atomising the liquid in the Kestner spray 
dryer (Fig. 19). This atomiser is rotated at 
speeds varying between 5,000 and 2,600 revolu¬ 
tions per minute depending upon the size of the 
disc and the material being atomised. The liquid 
to be atomised is admitted to an annidus on 
the top of the disc which is formed by a vertical 
ridge on the upper surface of the disc and the 
shaft by which the latter is rotated. A number 
of vertical slots which pass through the complete 
thickness of the disc at; this point are iwovided 
at the outer edge of the annulus. These ports 
conneuT the annulus with the under surface of 
the disc, vdiich is conical in shape. Liquid 
admitted to the anmdus passes through these 
ports and by the rapid rtdation of the atomiser 
is held on the under surface of the disc until 
it is finally discharged in a very finely divided 
state at the periphery of the disc. 

Another atomiser utilising centrifugal force 
to break up the li(juid int(j a series of small 
particles is the Krause. 

Jn most dryers of this typo, lik(‘ the Kestner, 
the atomisers arc placed near the toy) of a large 
cylindrical chamber, the diameter being such 
that the y)art;icle is sufficiently dried before it 
comes into contact with the wall of the chaud)er 
to prevent it adhering thcTcto. Hot air is 
admitted near the atomisers, tlie object bciing to 
obtain intimate mixing with the tinely divided 
liquid. Sometimes the base of the drying 
chamber is conical and acts as the receyjtacle 
for the dried material. 11)0 air on leaving the 
chamber often j)asses through a separator and 
a preheater, the first to remove the finely divided 
dried mat('rial and tlu^ second to utilise the }u‘at 
in the spent air to warm the liquid entering the 
drying chamber. 

The Krause ayiparatns is one which has the 
atomiser near the bottom of the drying chamber, 
with the oyjenings for the admission of the hot 
air underneath, A fan draws the waste gases 
from the top of this chamber through a filtering 
devi(!e which collects any finely divided solid 
particles associated with the drying gas before 
the latter is discharged from the fan. Most of 
the dried material, however, collects on the 
bottom of tlic drying chamber and is moved by 
scrapers into a worm or screw conveyor by 
which it is removed from the dryer-. The 
material entrapped in the filter can also be 
shaken off and removed by this conveyor. 

Band Dryeks.—I n another form of dryer 
(Fig. 20), the material to be dried is delivered 
on to one end of the uy)i)c;r surface of an endless 
belt. On reaching the end of this belt the 
material falls into a chute which directs it on to 
the upper surface of a second belt placed under¬ 
neath and running in the opposite direction, 
the process being repeated a sufficient number of 
times to ensure the material being i)roperly 
dried before it is delivered at the bottom of the 
chamber surrounding the belts. The drying 
can be effected either by circulating hot gases 
over the belts or by making the belts pass over 
steam-heated plates. 

Vacuum Drying. —Reduction in jnessure on 
the free surface of a liquid lowers the tempera¬ 
ture at which the liquid boils, whilst as the 


boiling-point diminishes the latent heat of vapori¬ 
sation increases. Further, as the pressure is 
decreased the sjiecific volume of the vapoxir 
produced from unit weight of liquid increases 
materially. Under an absolute pressure of 14-7 
lb. per sq. in. water boils at 212°F., the latent 
heat required being 970-4 B.Th.U. per lb., 
and the specific volume of the vapour pro¬ 
duced amounts to 20-79 cu. ft. per lb. If 
the pressure on the free surface of the w^ater 
be reduced to 0-94G lb. yier sty. in. absolute, 
the boiling-point falls to lOO'^F., but the latent 
heat becomes l()35-() B.Th.U. per lb., whilst 
the sjaa-itic volume occupied by 1 lb. of water 
vaj)Our is 5.50-8 c-u. ft. 

Assuming, therefore, that there w'ore two 
dryers, one operating at a ])reHSure oi‘ 14-7 lb. 
per sq. in. absolute and tlie other at a pressure 
of 0-94G lb. per sq. in. absolute, and that water 



Fig. 20.— Diagrammatic Sketch of Scott 
Band Dryer for Sikjar Beet. 

A. Moist air outlet. 

Tt. Exhaust fau. 

C, Damper. 

T>. liand conveyors of drying chamber. 

E. Drying cliainber. 

E. Band conveyors of coagulating chamber. 

11. Bucket elevator for wet material. 

K. Feeder for coagulating chamber. 

B. Discluirge conveyor. 

Hot gas flues and cliambers not showui on front of 
dryi-r. 

at GO^F. w^as placed in each, the total heat 
required to convert 1 lb. of water into vapour 
in the first instance would be 1,122 B.Th.TT. 
and in the second case 1,075'6 B.Th.U., a saving 
of api)roximately 5%. 

The volumes of the vapours produced from 
each lb. of water arc 2G-79 and 3.50-8 cu. ft, 
respectively, so that a much larg(“r equipment 
and moi*c energy will have to be expended in 
the second case than in the first, on maintaining 
the required pressures within the dryers. 
Moreover, the capital cost as well as the energy 
costs of the second dryer will be materially 
higher. 

Vacuum dryers, therefore, arc best fitted for 
drying materials which are unable to withstand 
the temxjeratures at which evaporation of the 
moisture would take place under normal pressure 
or where it is desired to obtain a light product. 
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the moisture is adsorbed by silica gel or activated Chemical Engineering ”; Perry, “ Chemical 
carbon. Engineernig Handbook ”; Eucken and Jakob, 

To dry the air for a blast furnace by this “ Der Chemie Ingenieur.” 
method the silica gel is spread in uniform S. G. M. U. 

layers upon a series of inclined trays (Fig. 21). DRYING (INTENSIVE). The fact that 
These trays, which are the width of the chamber traces of water vapour affect chemical reactions 
in which they are placed, are fixed so that the appears to have been first noticed towards the 
upper end of the top tray touches the roof of end of the eighteenth century. Among others, 
the chamber whilst the lower end of the top Scheele, in his “ Experiments on Air and Fire,’* 
tray touches the upper end of the second tray, observed that phosphorus did not oxidise in air 
which slopes in the opposite direction to the first, which had been dried over quickhme. Mrs. 
the arrangement being repeated until the lower Fulhame found that water was necessary for the 
end of the bottom tray rests on the floor of the reduction and oxidation of certain dyes, 
chamber. The bottom of each tray is perforated, About the middle of the nineteenth century 
so that any fluid passing from one end of the it was noted independently by many investi- 
chamber to the other must pass through the gators that carbon dioxide is not absorbed by 
material spread on the trays. At each end of the dry alkali or alkaline earth oxides. In 1869 
chamber are two openings placed one above the Wanklyn (Chem. News, 1869, 20, 271) observed 
other and provided with double boat valves that fused sodium could be shaken in dry chlorine 
which are interconnected. These openings at gas without any interaction taking place, 
the one end are connected with the air supply Cowper (J.C.S. 1883, 43, 153) investigated the 
main and the waste main and at the other with behaviour of other metals with dry chlorine, 
the hot gas main and the dry gas main. More recently much work has been done 

Such is the interconnection between the valves on the subject, dealing first with explosive 
that the air supply main and the dry air main are gaseous mixtures. Horstmann (tier. 1877, 10, 
open simultaneously and so a current of moist 1626) observed that the products obtained by 
air is dried during its passage through the bed of exploding a mixture of carbon monoxide and 
silica gel in going from the moist to the dry air electrolytic gas wore affected by the presence of 
mains. When the beds of silica gel have water vapour. This observation was also made 
adsorbed sufficient moisture, that is, before the independently by H. 15. Dixon (British Assoc, 
break-point is reached, the valves are changed Report, 1880, 503). In 1880 Dixon discovered 
over, and this allows a current of hot gas to pass that on sparking a mixture of 2 volumes of 
in the reverse direction through the beds and carbon monoxide and 1 volume of oxygen 
remove the moisture. To enable large quantities which had been thoroughly dried by sulphuric 
of air to be dried a number of such units are acid, no explosion followed. Similar experiments 
used and placed in parallel between the moist were described by Traube (Ber. 1885, 18, 1890) 
and dry air mains. By regenerating the units and Beketoff (Bull. Acad. St. Petersburg, 1891, 
one after the other in a cycle a constant delivery 2, 175). 

of dry air can be obtained from the plant. Dixon and Low (J.(>.S. 1885, 47, 571) found 

The drying of gases such as carbon dioxide, that dry carbon dioxide dissociated on sparking, 
oxygen, etc., is often carried out at pressures whereas the moist gas did not. Dixon also 
ranging up to 2,000 lb. per sq. in. by passing the investigated the system cyanogen and oxygen 
gas, under the desired pressure, through a bed of (Phil. Trans. 1884, 175A, 617 ; J.C.S. 1886, 49, 
material such as silica gel. This has the 384 ; 1896,69, 773). 

additional advantage of removing the oil vapour H. B. Baker began his work on the influence 
introduced into the gas due to lubrication of the of moisture on chemical reactions in 1885, and 
compressor. Such dryers usually consist of two in order to appreciate his results the manipula- 
vertical cylinders each containing a bed of the tion evolved by him in the course of his long 
drying material. The gas from the compressor study of this subject is given hero in detail {see 
passes first through a gel trap and then enters J.C.S. 1898,73,422 ; 1906,89, 652 ; 1929,1661; 
the bottom of one of the cylinders, leaving in A. 1929, 1160; J. Amer. Chem. Soc. 1931, 53, 
the dried state at the top. Before the break- 810; A. 1931, 810; also Bone, J.C.S. 1929, 
point of the bed in this cylinder is reached the 1664). 

supply of gas is cut off from this cylinder and The apparatus used was made of good Jena 
admitted to the next. A current of hot air is glass which was carefully freed from air bubbles 
then passed downwards through the bed of and capillaries by working in the blow-pipe 
material in the first cylinder to remove the flame. The apparatus was cleaned using a 

moisture. This can be followed by a current of mixture of chromic and nitric acids, and rinsed 

cold dry air to subsequently cool the bed before thoroughly with distilled water. No organic 
the gas is readmitted. drying agent was used. The cleaned apparatus 

References. —T. G. Marlow, “ Drying Machinery was then given a preliminary drying by passing 
and Practice ”; H. B. Cronshaw, “ Modem through it air which was dried by passing 

Drying Machinery ** ; M. Hirsch, “ Die Trocken- through (1) a Winkler tube containing strong 

technic **; E, Hausbrand, “ Das Trocken mit sulphuric acid, (2) a tube about 12 inches long 
Luft und Dampf **; W. Schulo, “ Theorie der packed with phosphorus pentoxide and woolly 
Heitzlufttrockner **; K. Reyscher, “ Die Lehre asbestos. In no instance was glass wool used, 
von Trocken in graphischer Darstellung **; since this persistently retains water in its 
and chapters in: Walker, Lewis, McAdams and capillaries. While the current of dry air was 
Gilliland, Principles of Chemical Engineer- passing through the apparatus, it was heated 
ing **; Badger and McCabe, ** Elements of so strongly in a Bunsen flame that the charao- 
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terifltic yellow colour of heated glass was 
imparted to the flame. The apparatus was 
allowed to cool with the current of dry air 
passing all the time. This drying procedure was 
repeated several times. In the case of apparatus 
through which it was not readily possible to 
pass a current of dry air, the apparatus was 
connected to a j)ump as well as to the drying 
system and was heated as described, exhausted, 
allowed to cool and dry air introduced ; this 
procedure, also, was repeatctl several times. 
The customary method of “ baking out ” such 
an apparatus in vacuo was found to be unsatis¬ 
factory. The apparatus has to be repeatedly 
“ washed ” out with dry air. 

When the apparatus had received this 
preliminary drying the system to bo examined 
was suitably introduced and a tube containing 
pure phosphorus pentoxide was sealed on to the 
apparatus itself. If the introduction of taps 
were necessary the only permissible lubricant 
was phosphoric acid and this was protected 
from atmospheric moisture by purified vaseline. 
In experiments involving hydrogen chloride and 
ammonia no lubricant was possible, and taps 
and joints were hand polished, using rouge and 
water. In aU cases the materials were of the 
highest purity. The phosphorus pentoxide 



which was introduced into the reaction tubes 
was purified by distillation in a current of dried 
air. This removes such impurities as the tri¬ 
oxide and tetroxide of phosphorus and meta- 
phosphoric acid. 

Using this technique. Baker first studied the 
combustion of elementary substances in dried 
oxygen. The combustion of carbon, phos¬ 
phorus, sulphur and tellurium was found to be 
modified in varying degrees by the presence of 
moisture. Boron, arsenic, antimony and selen¬ 
ium appeared not to be affected (J.O.S. 1885, 47, 
349; Phil. Trans. 1888, 179, 571). The results 
obtained on the combustion of carbon have 
been extended in recent years by the work of 
Bone and others on the combustion of well- 
dried carbon monoxide and oxygen mixtures 
(Bone and Weston, Proc. Roy. Soc. 1926, A, 
110, 616; Bone, Prazer and Newett, Proc. 
Roy, Soc. 1926, A, 110, 634). 

Other types of reactions which were investi¬ 
gated included the historic experiments on the 
dissociation of ammonium chloride. 

Helmholtz and Richartz (Ann. Phys. Chem. 
1890, 40, 161) had noticed that dry ammonia and 
dry hydrogen chloride, when brought together, 
do not produce fumes. Hughes (Phil. Mag. 
1893, 35, [v], 531) showed that the dried gases do 
not combine on mixing, but on blowing the 


mixture into moist air a fume was observed. 
Baker (J.C.S. 1894, 65, 614) prepared ammonia 
by heating ammonium chloride with purified 
lime and dried it by passage first over solid 
potash and then over a mixture of copper oxide 
and potassium oxi(ie. The ammonia w^as tlien 
introduced into one section of a tube containing 
P 2 O 5 and divided in the middle by a three-w'ay 
tap (Fig 1). 

Ammonia dried in this way has no apparent 
action on phosphorus pentoxide. Hydrogen 
chloride prepared by the action of pure sulphuric 
acid on recrystallised sodium chloride was 
introduced into the other section of the tube, 
which also contained After standing 

a week the tap w^as opened and the gases 
allow^cd to mix by diffusion ; no white fumes 
were produced and on connecting the tube w ith a 
reservoir of dried mercury, no rise of mercury 
occurred, show ing that no combination had taken 
place. As Gutrnann failed to confirm these results 
(Annalen, 1898,299, 3), Baker (J.C.S. 1898,73, 
422) repc^ated his previous wa 3 rk and concluded 
that CutmamCs failure was due to impuriti(‘s in 
the pho 8 ])horuH j)entoxidc ho employed. The 
fact that the dry gases do not react was not 
(unfirmed by Tramm (Z. physikal. ('hem. 1923, 
105, 397). CV)ffin and Maas (('anad. J. Res. 

1930, 3, 540; A. 1931, 311) showed 
that intensively dried ammonia and 
carbon dioxide do not rcaiit, but that 
on liquefaction combination takes 
^ [ —> place, and they suggest that the liquid 
state is itself a catalytic factor and 
that the effect of intensive drying is 
due to removal of all traces of the 
liquid })hase rather than to the removal 
of wuter. The dissociation of am¬ 
monium chloride was also studied 
at the same time, and experiments 
were first performed using soft soda 
glass apparatus and w^ere unsuccessful, but 
on repeating the work using hard glass tubes, 
it was found that dry ammonium chloride 
does not dissociate when heated to 350°C., 
and gives a vapour density, determined by 
Victor Meyer’s apparatus, corresponding to 
undissociated ammonium chloride. Further 
work was done by Johnson (Z. physikal. 
Chem. 1908, 61, 457; 1908, 65, 36), Abegg 
{ibid. 1908, 61, 455; 1908, 62, 607 ; 1908, 63, 623), 
Van J.aar {ibid. 1908, 62, 194, 607) and Weg- 
scheider (Z. anorg. Chem. 1908, 103, 207; 
Z. physikal. Chem. 1908, 65, 97; 1911, 75, 
369). (Smith and Calvert (J. Amer. Chem. 
Soc. 1914, 36, 363; 1915, 37, 39) showed that 
undried ammonium chloride is only dissociated 
to about 60% at 350° and Smits suggested that 
this discrepancy was due to the existence of 
two different types of ammonium chloride 
(Proc. K. Akad. Wctensch, Amsterdam, 1923, 
26, 266; A. 1923, ii, 547 ; Rec;. trav. chim. 1927, 
46,445; A. 1928, 819). Rodebush and Michalek 
have contradicted this (Proc. Nat. Acad. Sci. 
1928, 14, 131; A. 1928, 469; and J. Amer. 
Chem. Soc. 1929, 51, 748; A. 1929, 636). 
See also Sancho and Moles (Anal. FIs. Q 6 im. 
1932, 30, 701; 1933, 31, 172; A. 1933, 82, 918). 

For experiments on the dissociation of (a) dried 
mercurous chloride, see Baker (J.C.S. 19()0, 77 
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646) ; (b) gaseous nitrogen trioxide, Baker and 
Baker (J.C.S. 1907, 91, 862). 

The reaction between dry hydrogen and 
oxygen was studied in 1902 when Baker 
showed that by careful desiccation the gases 
produced by the electrolysis of pure baryta can 
be heated to redness without exploding and can 
bo exposed to sunlight without combination 
occurring (J.C.S. 1902, 81, 4000). Coehn and 
Tramm (Ber. 1922, 56, [BJ, 455) found that an 
electrolytic mixture of hydrogen and oxygen 
interacted at the same rate when exjmsed to 
the light from a quartz mercury lamp whether 
it was dry or moist. Baker re})eated Coehn 
and IVamm’s experiments and found a marked 
difference in the behaviour of the wot and dry 
mixtures, the latter showing in some cases no 
measurable reaction (Baker and C’arlton, .I.C\vS. 
1925, 127, 1990) (.see also Coehn and IVamm, 
Ber. 1923, 56, [B], 455, 458; Coehn and Jung, 
ibid. 696; Craggs and Allmand, d.C.S. 1937, 
1889). The effect of intensive drying on the 
reduction of silver and mercury oxide fdins by 
carbon monoxide and the influence of a third dry 
substance is described by Purcell (J.(\S. 1928, 
1207). 

The stud}’^ of intensive drying by Baker lapsed 
during the years 1914—18, but experiments 
made on the boiling-points of nitrogen trioxide 
and tetroxide in 1912 (Baker and Baker, J.(\S. 
1912, 101, 2339) originated a series of experi¬ 
ments on the effect of drying on the physical 
properties of substaiu'es (J.C.S. 1922, 121, 
568; 1923, 123, 1223; 1927, 2902; 1928, 

10.54; J. pr. (Jiem. 1928, [ii], 118, 96). It was 
demonstrated in 1912 that the boiling-points of 
nitrogen trioxide and tetroxide were raised by 
44'^C. and 47°C. respectively when they were 
allowed to stand for a long time in contact 
with phosphorus pentoxide. The boiling-points 
of a number of other liquids prepared in a state 
of high purity and seahHl in vessels containing 
purified phosphorus pentoxide were detenninecl. 
The results arc given in the following table : 


Period of 

dryiiiK, 

years. 

Oriffinul 

boiling- 

noint. 

Final 

boilinK- 

])oint, 

t:. 

DifTcu- 

enee, 

TJ. 

Bromine . 

8 

63 

118 

55 

Mercury . 

9 

358 

420-425 

62 

Hexane 

U 

68'4 

82 

14 

Benzene , 
Carbon disul¬ 

H 

80 

106 

26 

phide 

Carbon tetra¬ 

]-f27 

49-5 

80 

30 

chloride 

9 

78 

above 11; 

2 34 

Ethyl ether . 

9 

35 

83 

48 

Methyl alcohol 

9 

66 

above 120 54 

Ethyl alcohol 
?i-Propyl alco¬ 

9 

78*5 

138 

60 

hol. . . 

9 

95 

134 

39 


The melting-points of sulphur and iodine were 
raised 5-5°C. and 2°C. respectively, after nine 
years’ drying. Benzene had a melting-point of 
6-0°(k The densities of seven liquids showed no 
change after drying for a year over phosphorus 
pentoxide. The vapour density of ether was 
found to be 81*7 and 86*5 ; methyl alcohol 45 and 
46-3 ; each dried for ten and five years respectively. 

VoL. IV.—6 


For discussions of these phenomena and 
their explanation, see Smits (J.C.S. 1924, 125 
1068; 1926, 2655, 2657; 1928, 2399; 1929, 
2712); Smits, and Smits and others (Proc, K. 
Akad. Wetensch. Amsterdam, 1923, 26, 266; 
1931, 34, 438; Z. physikal. Chem. 1922, 100, 
477; 1924, 111, 161; 1931, 153, 2,53, 255; 

J. Amer. Chem. Soc. 1925, 47, 794; J. physikal 
Chem. 1930, 34, 1861 ; Versl. K. Akad. Wetensch. 
1923, 32, 345; Chem. Weekblad, 1924, 21, 
594 ; 1928, 25, 82 ; Natuurwetensch. Tijds. 1927, 
9, 55) ; Lenher and Daniels (Proc. Nat. Acad. 
Sci. 1928, 14, 606); Lenher (Nature, 1929, 123, 
907; J. physikal Chem. 1929, 33, 1579); 
Mali (Z. anorg. Chem. 1925, 149, 150); Balarev 
(J. pr. Chem. 1927, [ii], 116, 57); McIntosh 
(Proc. Nova Scotia lust. Sci. 1928, 17, 142; 
A. 1929, 271); Timmermans (Bull. Soc. 
chim. Belg. 1929. 38, 160); Smitli (Phil. Mag. 
1929, [vii], 8, 380; J.C.S. 1931, 2573); Cohen 
and Cohen-l)e Meestcr (Proc. K. Akad. Wetensch. 
Amsterdam, 1930, 33, 1003; A. 1931, 294); 
Greer (.1. Amer. Chom. Soc. 1930, 52, 4191); 
Wilkins (Phil. Mag. 19.32, |vii], 13, 1014); 
Chapman and Cha])man (J.C.S. 1937, 1991). 

M. C. 

DRYING OILS. A drying oil is usually of 
v(‘getable or animal origin and possesses the 
property of forming a solid elastic substance 
when exposcal to tin' air iii thin layers. The 
chang(i of the fluid oil to the solid film is known 
as “ drying.” In addition to this property 
many drying oils, on heating out of contact 
with air, increase rapidly in viscosity, and if 
the heating be continued or temperature raised 
in the case of tin* strongly drying oils, a tough 
rubber-like gel is ju'odiiced, which is usually 
insoluble in oil solvents. 

Animal and vegetable oils may be divided 
arbitrarily into (1) drying, (2) semi-drying and 
(3) non-(irying oils. Film formation is avssoeiated 
with the degree of unsaturation of the com¬ 
ponent glye(‘rides. The iodine values of the 
oils may be used to separate the three classes. 
Drying oils have iodine values varying from 
120-2(M), the semi-drying oils 100-120 and the 
non-drying oils 80-100. At high temperatures 
non-drying oils thicken like drying oils and 
become more viscous, but they do not dry in the 
air even after prolonged exposure. On this 
account they are all suitable for lubricants, as 
they show little tendency to “ gum.” Of this 
class castor oil, a lubricant, is of interest, 
because recent work by Scheiber has shown 
that on dehydration an oil can be obtained with 
marked drying properties. 

The property of drying and even semi-drying 
oils to thicken on heating is conditioned by the 
character and the amount of the unsaturated 
glycerides as well as by the acidity of the oil, 
which is an inhibitor of thickening. Film 
formation is facilitated if the oil has been 
previously “ blown ” by passing in air at 
temperatures above 100” (blown oil). By this 
treatment the drying power of the less active 
oils is much improved. Several synthetic drying 
oils have been produced which have valuable 
properties. The most important are Synouryn 
(Scheiber’s oil) and S.D.O. (synthetic drying 
oil) of Du Pont de Nemours Co. The most 
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important drying oils used in the paint and 
varnish industry are linseed oil ana tung oil 
(China wood oil). The following oils are being 
developed with more or less success as alterna¬ 
tives either for use alone or in conjunction with 
linseed and tung oils: oils from varieties of 
Aleurites, oiticica, perilla, soya bean, fish oils, 
poppy seed, hemp, cedar, chia, walnut and 
safflower. Oils with a very limited application 
for use in paints and varnishes : grape seed, 
lallemantia, n’gart and rubber seeds. A 
few are of academic interest only, although 
they have marked drying characteristics: 
karasu-uri seed, po-yok, the oil from 
Parinarium macrophyllum (neou oil), P. lauri- 
num (akariton fat) and pomegranate oil. The 
properties of only those oils which are useful 
in the paint and varnish industry will be 
discussed. 

The general properties governing the utility 
of oils for paints and varnishes will be better 
understood with increased knowledge of the 
structure of the component glycerides. It is 
rare to find any simple glyceride in a vegetable 
seed fat unless a large excess of a single fatty 
acid is present (T. P. Hilditch and G. CoUins, 
Biochem. J. 1929, 23, 1273). Various mixed 
glycerides, dilinolo-mono-linolenin, linolo-dilino- 
lenin, oleo-dilinolein, etc., have been obtained 
from linseed and soya bean oils by Eibner and 
Brosel (Chem. Umschau, 1927, 34, 312; 1928, 
35, 157), and by Suzuki and Yokoyama (Proc. 
Imp. Acad. Tokyo, 1927, 3, 629; 1929, 5, 266). 
These oils with 86-90% of unsaturated Cig 
acids in their mixed fatty acids contain 20-26% 
of mixed saturated-unsaturated glycerides, 
mainly stearo-palmito-di-unsaturated glyceride. 
The unsaturated acids of soya bean oil contain 
about 25% oleic, 65% linolic and 6% linolenic 
acids, and those of linseed oil about 8% oleic, 
43% linolic and 40% linolenic acids. It is 
therefore probable that although these oils 
consist for the most part of completely un¬ 
saturated glycerides the latter again are not 
simple, but contain two or even three of the 
unsaturated acids in each glyceride molecule. 
In fats of which unsaturated acids are the main 
component the same general rules are observed 
of “ even distributioji ” of the fatty acids 
throughout the glyceride molecule, which are 
operative in the case of the more saturated 
fats (T. P. Hilditch and E. C. Jones, J.S.C.I. 
1934, 63, 16T). 

R. S. MorreU and W. R. Davis (J. Oil Col. 
Chem. Assoc. 1936, 19, 264) from the examina¬ 
tion of a- and j3-licanin from oiticica oil by the 
diene reaction with maleic anhydride have 
shown that the solid crystalline jS-licanin is a 
mixed glyceride of licanic acid 81%, other 
unsaturated acids 8% and saturated acids 11%, 
and that it has the same composition as oiticica 
oil (o-licanin); whereas pure crystallised 
^-elssostearin from tung oil treated by the same 
method was shown to be a simple triglyceride. 
In tung oil (a-elseostearin) containing 4*9% 
saturate acids and 13*6% oleo-saturated acids 
mixed glycerides may be present. The greater 
susoeptibility of j^-licanin (a mixed glyceride) to 
oxidation compared with jS-elseostearin is worthy 
of notice. 


Linseed Oil.—^The structural formulss of 
the chief component acids of this oil are as 
follows: 

Linolenic acid: 

CH8*CH2CH:CHCH2*CH:CHCH2CH:CHICH2]7C00H 

Linolic acid: 

CH2[CH2]4CH:CHCH2CH:CH[CH2]7C00H 

Oleic acid: 

CHgCCHgljCH :CH(CH2]7C00H 

Treatment of this subject will be confined to the 
refining, polymerisation, oxidation, etc., of the 
oil (B.8. Nos. 242, 243-1936). 

Tung oil (China wood oil).—^IVIuchofthe 
recent work on tung oil is associated with the 
problems of heat-thickening and suitable mixings 
with linseed and leaser drying oils, which will 
be dealt with under Stand Oils (p. 88c). The 
evaluation of tung oil is dependent chiefly on the 
“ heat test,” which determines the time taken for 
the oil to golate under special conditions of heat¬ 
ing at 270'C. (B.S. No. 391-1936); in the case of 
tung oil the time limit is 11 minutes. L. A. 
Jordan (J.S.C.I. 1934, 53, 9T) recommends a 
modification whereby the temperature is kept 
at 290°C. for 20 minutes, and the gel formed is 
extracted with light petroleum and weighed. 
[Paint Research Station (P.R.S.) heat test.] 


Comparison of Samples of Tung Oil by P.R.S. 
Heat Test. 



Refractive 
index 
at 25'^C. 

Gelation 

time 

(min.) 

Extrac¬ 

tive 

%. 

Pure Amer. A, 
fordii oil 

1*6187 

8*25 

16 

Commercial tung 

oil ... . 

1*5172 

9-9*5 

21*7-22 

Oil from A, mon- 
tana 

1*5145 

10*75-11 

27*8-28 

Amor. A. fordii -f 
5% soya oil. 

1*5167 

8*25-8*75 

1 

20*2-20*4 


The generally accepted formula for clssostearic 
acid is; 

CHg CCHgla CHiCH CHiCH CH:CH [CH2]7 C00H 

(MorreU and Marks, J.S.C.I. 1931, 50, 27T). 
On exposure to sunlight or by a trace of catalyst 
{e.g. iodine) tung oil is transformed into a 
crystalline substance (jS-elseostearin). The diene 
addition compound with maleic anhydride has 
furnished results of interest from a theoretical 
and practical standpoint. MorreU and Samuels 
(J.C.S. 1932, 2251) have shown that the 
jS-elsBostearin addition compound with maleic 
anhydride gives thermo-hardening vamish-like 
films (B.P. 407967, 1934). The retardation of 
oxidation and association of the corresponding 
a-compound is attributed to steric hindrance. 
The property of thermo-hardening of drying oU 
films is shown to be connected with definite 
chemical structure (MorreU et cd„ J.C.S.I. 1933, 
62, 130T). B. Hughes (J.C.S. 1933, 338) has 
examined films of these addition compounds 
and has shown that the induced polarity of the 
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double bond in the chain can be traced to the 
anhydride radical attachment. This induced 
polarity accentuates the intrinsic polarity of the 
remote bond in the case of the jS-compound and 
depresses that of the near bond in the a-sub- 
stance. Moureu and Dufraisse (Chem. Ind. 
1928, 47, 819, 848) postulated the existence of a 
transitory peroxide as the first oxidation product 
and formulated the catalytic mechanism as inter¬ 
action of the peroxides of the two autoxidants 
with one another and with the unoxidised 
material. The chain reaction theory (Semenoff, 
“ Chemical Kinetics and Chain Reactions,’* p. 
361) may be brought into relationship with the 
Moureu and Dufraisse postulates according to 
Gee and Rideal (J.C.S. 1937, 773) by the 
following consideration: If two autoxidants 
(A, B) form oxidation products AO, BO, then 
A-> AO; B-> BO, where X, Y 

represent one or more unstable substances. 
If B be regarded as the catalyst, its function 
is to change the concentration of X by reacting 
with it either in the form of unoxidised B or as Y. 
An oxidation catalyst, e.g. cobalt, would function 
according to Moureu and Dufraisse as: 

Co^^+O, Co*''*+0', 

Gee and Rideal (Z.c.) estimate by the phase boun¬ 
dary potential method that the polymer chain 
lengths of the maleic anhydride jS-elaeostearin 
addition compound are probably less than 6 units. 

The marked activity of the compound 
toward oxidation is in keeping with the 
property of “ bloom ” (N. K. Adam and 
Morrell, J.S.C.I, 1934, 53, 255T). The diene 
value of conjugate unsaturation in fats has 
been determined by H. P. Kaufmann and J. 
Baltes (Fette u. Seifen, 1936, 43, 93) and by 
B. A. Ellis and R. A. Jones (Analyst, 1936, 
61, 812). They showed that linseed oil at 100°C. 
shows a definite diene value equivalent to 
6-7% of conjugated triene glycerides. R. S. 
Taylor and J. G. Small (Ind. Eng. Chem. 1936, 
28, 193) oxidised linseed oil by bubbling air 
through it and found that the Diels-Alder 
reaction became positive at the point at which 
the iodine value and refractive index were 
changing rapidly. 

The frosting and webbing of tung oil films 
may now be overcome by previously controlled 
heat treatment and by introduction of selected 
resins. Webbing is considered to be associated 
with rapid skinning to give a film of poor 

Composition per cent, of I 


tensile strength with extrusion of the liquid 
through cracks. In the case of China wood oil 
subsequent crystallisation occurs with the 
formation of the j8-variety (drying in the dark 
prevents wrinkling) (Eibner and Rossman, 
Chem. Umschau, 1928, 36, 281). The thickening 
of China wood oil on heating will be discussed 
under Stand Oils. 

The most popular form of tung oil up to the 
present has been the oil from Aleurites fordii, 
but other varieties have been found to form 
valuable paint and varnish media. H. A. 
Gardner (Ind. Eng. Chem. 1932, 24, 687) states 
that the average yield is 50 gallons per acre 
(Florida). Aleurites montana trees have a 
longer bearing period, a lower cost of planting 
and a greater number of fruits per tree than A . 
fordii. The time of gelation on heating the oil 
is longer (14^^ min.) and the amount of insoluble 
matter in the gel, under equivalent conditions of 
heat test, is less. P. T>dvy states that the drying 
time and general varnish properties of the two 
varieties of oil are almost identical and the 
varnishes from A. montana are not appreciably 
inferior to those obtained from A. fordii oil 
(Amer. Chem. Abstr. 1934, 28, 3917). It is 
stated that A. fordii oil with 8% soya is equal to 
A. montana^ and it is conceivable that pure A. 
montana oil, having its constituent glycerides in 
natural equilibrium, may give even better per¬ 
formance as a varnish component than an arti¬ 
ficially adjusted oil made by adding other oils to 
A. fordii oil (L. A. Jordan, J.S.C.1.1934,53,21T). 

Aleurites cordata yields Japanese wood oil, 
which is seldom exported and does not gel on 
heating like tung oil ; the small nuts contain 
40% of oil (p. Aleurites Species). 

Aleurites moluccana {triloba), lumbang candle- 
nut oil, yields a much slower drying oil than 
A. fordii and requires a higher temperature 
(310°C.) for gelation. It is found in the Philip¬ 
pines, Java and Hawaii, and it might be used 
in paints and varnishes if it were cheaper than 
linseed oil. Although suitable in the Philip¬ 
pines as a paint medium with driers, it is not 
successful in this climate (T. H. Barry, J.S.C.I. 
1929, 48, 289) {v. Candlenut Oil). 

Aleurites trisperma. —Soft lumbang oil (lum¬ 
bang banucalag), a product of the Philippine 
Isles, yields an oil which will gel on heating to 
310°C., bub not at 280-300°C. It is worthy of 
consideration in combination with more rapidly 
drying oils. 

ATTY Acids as Glycerides. 



Sp.gr. 


Iodine 

value. 

Saturated 

group. 

Oleic 

group. 

LInolIc 

group. 

Llnolenic 
and elSBO- 
stearic 
group. 

A. fordii. 

0-94 

1-618 

164-5 

5-8 

11-14 

— 

79-82 

A, montana . 

0-938 

1-6135 

161-3 

6-8 

14-16 

— 

75-78 

A, moluccana . 

0-920 

1-476-8 

140-164 

2-3 

64-67 

32-33-6 

6-6 

A, trisperma. 

0-930 

1-493-7 

168-169 

16-5 1 

12-3 

— 

67-1 

A. cordata . 

0-934 

1-600-07 

149-169 

not known, possibly similar to 

A, trisperma 

Linseed oil. 

0-931 

1-479-83 

170-204 

8-10 

16-20 

26-36 

30-40 

Soya bean oil 

— 

— 


12 

33-34 

49-52 

2-4 
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Oiticica Oil ,—The oil is obtained only from 
the seeds of Licania rigida Benth., and not from 
Couepia grandiflora (C. Holdt, Drugs, Oils and 
Paints, 1937, 52, 316). Some of the largest 
trees are said to yield as much as two tons of 
fruit. The oil is a clear liquid when first 
expressed, but rapidly solidifies to a lard-like 
substance, which on heating above 200°C. pro¬ 
duces a stable fluid resembling a normal stand 
oil. The export from Brazil in 1936 was 4,000 
tons, chiefly to U.S.A, Owing to the high price 
of China wood oil, it is used as component of 
mixtures with linseed oil, and 33% oiticica with 
67% linseed oil possesses varnish properties 
comparable with those of a corresponding tung 
oil mixture. Oiticica cannot replace tung oil 
beyond 50% (Anon., Tech. Mitt. Malcrei, 
1930, 52, 82). The kernels of Licania rigida 
comprise 77% of the fruit and give 66% of 
oil on extraction and 40% on expression. 
When used alone, preferably on heat thickening, 
because the raw oil films are apt to wrinkle when 
exposed to strong sunlight, it yields varnishes 
which are generally inferior to those obtained 
with tung oil, but it reacts with phenolic resins 
and with /^-substituted phenols at 220°C. to give 
varnishes as durable as, or more so than, tung 
oil (H. A. Gardner, Amer. Paint J. 1935, 20, 
48 ; B. 1936, 68). Gardner (/.c.) states that the 
oil emulsibes readily with water, and its use in 
wall paints is recommended. The important 
characteristics of the oil according to K. S. 
McKinney and G. kS. Jamieson (Amer. Chem. 
Abstr. 1936, 80, 1598) arc: 1-5145, S.V. 

192-6, I.V. 218 (calc.), CNkS. No. 76-2, saturated 
acids 10-7%, licanic acid 78-2%, oleic acid 
6-9%. Gelation time (Browne’s test) in minutes, 
19-22 at 282" (r/. tung oil) (H. A. Gardner, Sci. 
Sect. Nat. Paint, Varnish and Lacquer Assoc. 
Inc. 1934, Circ. No. 470, 213). Licanic acid is a 
doubly conjugated keto-acid of the formula 

CH3 [CH2]8 CH:CH CH:CH CH;CH [CH2)4- 

CO CH2 CHg COOH 

W. B. Brown and E. H. Farmer (J.C.S. 1935, 
1632) have shown that the a-forin melts at 
74-75° and the )3-form, obtained similarly to 
)3-el8eo8tearic acid, melts at 99-5°. Both a- and 
pdicanin are mixed glycerides (Morrell and 
Davis, J.C.S. 1936, 1481; J. Oil Col. Chem. 
Assoc. 1936, 19, 264). Oiticica oil contains 
also small quantities of an elssostearin (Morrell 
and Davis, l.c,). The presence of the keto- 
group in the y-position accounts for the inferior 
durability of the oil compared with China wood 
oil and it is evident that reaction with phenolic 
resins will tend to produce more stable mixings. 
Since licanic acid contains a doubly conjugated 
linkage it readily reacts with maleic anhydride 
to give a diene product (cf. China wood oil) 
(MorreU and Davis, J.C.S. 1936, 1481). 

Perilla Oil .—The seeds of Ferilla ocymoides 
(southern Manchukuo) and P. nankinensis of 
China and Japan give an oil, and a press cake 
which is used as a fertiliser for rice and for 
mulberry trees in Japan. Small-scale trials 
have shown that the press cake is suitable for 
cattle. It is a valuable commodity as a paint 
and vaiuish material and has found use in this 


country in the printing ink industry, replacing 
linseed stand oil and the more expensive tung 
oil. The perilla plant attains a height of 
2-4 ft. in Japan and, sown in April, fruiting in 
October, it requires a long growing season in a 
comparatively damp, warm climate (38-92°F.). 
The import into U.S.A. in 1935 was 21,000 tons. 
Attempts at cultivation in the British Empire 
have not been successful. The seeds are small 
and round like mustard seeds, of a fawn to dark- 
brown colour. They contain 35-40% of oil, 
which dries in about two-thirds of the time 
taken by linseed oil, with greater oxygen 
absorption (Rosenthal, Farben-Ztg. 1911-12, 
17, 739), giving a film more glossy, tough and 
impermeable to water. The raw oil “ cisses ” 
on glass, but when heated for a short time to 
270"C. the defect disappears (J. C. Meister, 
Farben-Ztg. 1910, 16, 266). The oil consists of 
the glycerides of palmitic, oleic, linolic and 
linolenic acids, i.e. 12% saturated and 88% 
unsaturated acids (K. H. Bauer, Chem. 
Urnschau, 1922, 29, 201; 1923, 30, 9). 

[ Heat treatment of perilla oil shows that the 
oil bodies more rapidly than linseed oil at 260°C., 
but at 120"C. the rate is less. By the use of 
finely divided nickel at 280"C. a stand oil may 
bo produced in 8 hours (G.R. 606869; Farbe u. 
Lack, 1935, 66). The stand oils from perilla 
are more water-resisting than those of linseed 
oil, but inferior to those from tung oil. Their 
value is essentially in a (composite oil and will be 
referred to under Stand Oils. H. A. Gardner 
and P. 0. Holdt (Amer. P.V.M. Giro. No. 106, 
1920) have produced by air-blowing at 250°C. 
a superior light-coloured oil. M'ith cobalt 
driers, rather than lead, good films are obtained 
from perilla oil, but lead resinato in linseed oil 
and perilla oil (30.70) may be used. The 
colour of the varnishes is as good on standing in 
air as that of the original oil. H. A. Gardner 
(Amer. Paint & Var. Manuf. Assoc. Circ. No. 506, 
1936) states that white lead with the raw oil 
gives a paste drying at the same rate as zinc 
oxide, but zinc oxide with lithopone gives slower 
paints. The B.S. No. 654-1936 for the oil 
gives: sp.gr. 0-932-0-936, 7^^^ 1-481-1-484, 
I.V. >193 (Wijs.), A.V. 6, S.V. >189, V. 
Sap. M. <C1*5%, Moisture <C0-2, free from 
sediment after 24 hours at 15-20°C. For 
comparison, the characteristics of linseed and 
tung oils are: 



Sp.gr. 

!> 

Iodine 

value. 

Acid 

value. 

Linseed oil. 

0-936-81 

1-4790- 

1-4830 

175 

4 

Tung oil 

0-939-0943 

1-517-1-522 

155 

5 


Soya Bean Oil.—The oil is obtained from the 
seeds of Soja max (China, Manchuria, Russia 
and the U.S.A.). Its cultivation has been 
strongly developed recently in the U.S.A. Of 
the annual crop 75% is crushed. The following 
table supplied by the Bureau of Census, U.S.A., 
gives the consumption (in million pounds) of 
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drying oils during tho years 1934 and 1935 
(E. E. Ware, Ind. Eng. Chcm. 1936, 28, 903). 


Oil. 

Taiiit, 

linoleum, ink. 

OtiuT uses. 


19.34. 

J935. 

1934. 

193.^). 

Linseed . 

250 

286 

8 

5 

Tung . . . 

102 

111 

3 

3 

Perilla 

15 

36 

1 

5 

Fish .... 

25 

42 

100 

177 

Hemp {Canvabis 





saliva) . 

— 

30 

— 


Soya bean 

13 

17 

7 

74 


Soya oil has relatively poor film eharaeteristies 
for general paint purposes, unless treated and 
blended with more strongly drying oils, and 
praetioally all the soya bean oil in ])aints is a 
mixture with tung or perilla oils (1 ; 1). 

W. L, Burlison (Ind. Erig. Chera. IIKIO, 28, 
772) states that, eorreetly formulated, the 
soya bean oil paints are satisfactory. I’he dry¬ 
ing has be(m improv ed by the removal of anti¬ 
oxidant material. The oil thickens on heating 
far more slowly than linseed oil, but under 
pressure of 500-12,000 atm. at 325'’C. a 
stand oil can be obtained which will give with 
0-1% Co on thinning with turpentine an air 
drying film (Imp. Chern. Ind., B.P. 452039, 
1930). The P. ('arey Manufacturing Co. 
(tJ.S.P. 1970807, B. 1930, 243) claim that soya, 
tung or maize oil heated with sulphur at 
05-92'’C., or treated with S^CIg at room tempera- j 
ture until reaction occurs, givevs when sprayed on | 
steel or iron tanks an aeid-i-esisting eclating (.see 
Sulphurised Oils, p. 90). The main use of soya 
will be as a c'omposite oil with j)erilla and tung 
oils, especially in stand oils (p. 88), blown oils 
(p. 90) and in tho preparation of alkyd resins. 

Fish Oils.—The oils used for paint and 
varnish purposes are for the most part body oils 
of whole fish and not liver oils from larger fish, 
e.g, cod. They are chiefly glycerides of highly 
unsaturated acids of the Cgo ^22 
4 or 6 ethenoid linkages (Tsujimoto, Bull. 
Chem. Soc. Japan, 1928, 3, 299; Eclisbury, 
Morton and Lovern, Biochem. J. 1933, 27, 
1451). Clupanodonic! acid, C21H33CO2H, con¬ 
tains 5 ethenoid linkages (Tsujimoto, Edisbury 
and collaborators, l.c.), but no conjugated 
double linkages (R. 8. Morrell and W. R. Davis, 
J.S.C.I. 1936, 55, lOlT). The most important 
varieties of fish oils are menhaden, sardine and 
possibly pilchard. Whale oil is becjoming of 
interest to the German paint trade as a substi¬ 
tute for linseed and tung oils ; the oil is frozen to 
remove the saturated comj)onent8 as far as 
possible and the more unsaturated portions are 
polymerised by heat by blowing with air (Oil 
& Col. Trades J. 1936, 89, 365) and such whale 
oil stand oil is comparable with linseed stand 
oils (G. Kaompfe, Farben-Ztg. 1935, 40, 1009; 
B. 1935, 1054). Imperial Chemical Industries 
(B.P. 442000; B. 1936, 335) obtain a similar 
result by passing the oil through a “ mole¬ 
cular still under high vacuumat 250-260° C., 
when the less unsaturated glycerides are ob¬ 
tained as condensate, whilst those containing 


highly unsaturated acid groups polymerise and 
yield a residue suitable for replacing stand oils 
in paints. Tho l.Vs. of herring, menhaden and 
sardine oil are respectively 123-142, 139-173 
and 176-186 (Anon., Farbe u. Lack, 1933, 501). 
These oils have excellent drying characteristics 
under j)roper conditions, but the diffi('ulties and 
expense in deodorising and refining have handi¬ 
capped the sale in this (*ountry, though they con¬ 
tinue in the C.S.A. to make a keen bid for a share 
of the paint business, where refiners have pro¬ 
duced a heavy-bodied, pale and practically deo¬ 
dorised sardine oil (bh Perry, Paint Var. Prod. 
Man. 1933, 9, 14). Fish oil films are flexible and 
in paints for smok(* stacks and boilers, sardine 
oil, for example, will excel linseed oil because of 
its su])erior heat-resisting proj)ertit‘s. On the 
other hand, excessive use of fish oil impairs 
the durability on account of the softness of the 
film, and it must be destearinised to remove 
tackiness, Tho saturated glycerides may be 
nunoved by steam distillation at high tempera¬ 
tures, and this metliod is commonly used in 
('anada. 8am])les of such treated oils give tack- 
free films and are stat(*(l to dry quii ker and give 
more durable films tlian linseed stand oil (J. Biol. 
Bd. Canada, 1{)36, Bull. 46; B. 1936, 159). In 
view of the highly ansaturated character of the 
glycerides the oils show a shorter period of induc¬ 
tion and a greater rat(^ of oxidation than other 
drying oils. The gelation on heating recpiires a 
longer time (3 hours at 325°C^ for pilchard oil 
compared with 8-25 minutes at 276°(k for tung 
oil). Refining ijicreases susceptibility to oxida¬ 
tion, whereas })olymerisation by heat prolongs 
the induction period (treatment with dry SOg 
eliminates the induction period) and diminishes 
the rate of oxidation. hVjr the properties of 
pilchard oil, .see O. h'. Denstedt and H. N. 
Brocklesby, Amer. Chcm. Abstr. 1934, 28, 3607 ; 
1936, 30, 2784). Menhaden oil is being super¬ 
seded by sardine oil (A. II. Mendonea, Off. 
Digest, 1933, No. 122, 22). The possibility of 
manufacturing suitable fish oil from surplus 
herrings has been suggested. 

Owing to the high degree of unsaturation all 
fish oils show marked after-yellowing when 
used in white paints. It is evident that fish 
oil alone is unsuitable as a paint and varnish 
medium, but as a composite oil with linseed it 
has advantages, espeeially in the heat-resisting 
power of the films and improvu^id elasticity. 

F. Ohl (Farbe u. Lack, 1936, 39, 53) examined 
a number of fish oils to determine how far they 
could be mixed with a carefully prepared linseed 
oil vehicle containing phenolic resin and drier. 
Fish oils in general retarded the drying, but not 
very greatly if previously heated to 300°C. 
Films containing the fish oils were more porous 
and less durable to weathering. The results 
indicate limitations to the use of fish oils in high- 
class varnishes. 

Poppy Seed Oil.—The oil is derived from 
various varieties of Papaver somniferum^ which is 
cultivated extensively in many parts of the 
w^orld, but with the decline in the sale of opium 
the amount available is small. The seeds con¬ 
tain over 50% of a pale oil (T.V. 135-140 
generally, but sometimes as high as 155) which 
finds use in various binding media for artists’ 
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colours. Made into white paints the films do 
not yellow in the dark or in diffused light as in 
the case of linseed oil paints. Its drying time 
is much slower than that of linseed oil and loss 
ill weight on exposure is much greater, and this 
is stated to be the cause of cracking of ancient 
pictures. Considerable quantities of the oil are 
expressed in France and Germany. It is of 
interest to note that blown linseed oil, poppy 
seed oil and fish oils with acetyl values of 
about 100 when heated, first at 200°C. and 
secondly at 250--260”C., with unsaturated fatty 
acids, followed by esterification of the excess 
of these acids with polybasic alcohols, yield 
products which dry rapidly and possess resist¬ 
ance to water equal to that of China wood oil 
(J. Scheiber, G.P. 625902, 1932). 

Hemp Seed Oil.—Hemp seed derived from 
Cannabis saliva is produced principally in 
Russia, China and northern Manchuria, and 
the extracted oil is used locally in paints and 
varnishes. The oil (I.V. 150-166) constitutes 
30-36% of the seed, and is stated to be similar 
to linseed oil as a paint ingredient, but although 
drying more slowly than linseed oil it has a better 
water-resisting value and is excellent for non¬ 
yellowing varnishes and for white paints 
(Friedman, Amer. Paint J. 1936, 20, 48). The 
relatively large import of this oil into U,8.A. 
in 1935 has been already referred to (p. 85a). 

Cedar Nut Oil.—It is estimated that nearly 
60 million acres in the U.S.S.R. are cedar- 
producing and yield approximately 1,300 lb. of 
seed per acre. This seed will yield 30% of an 
oil (I.V. 150-160) which has definite paint-making 
properties. 

Chi a Seed Oil.— Salvia hispanicay a native of 
Mexico, is cultivated there for its seeds, used in 
the preparation of stimulating beverages and 
for certain medicinal purposes. The seeds, 
similar in appearance to those of Perilla ocy- 
moideSy contain about 35% oil (I.V. 195), which 
in the raw state tends to collect in droplets like 
perilla oil when spread on a surface. This 
deficiency has been overcome, as in the case of 
perilla oil, by heating the oil at 210° for 16 
minutes, after which treatment the drying pro¬ 
perties of the oil are stated to be superior to those 
of linseed oil containing a similar amount of 
drier. There is no record of import of the seeds 
into the U.S.A. for paint production. 

Walnut Oil.—The oil is obtained from the 
English walnut {Juglans regia) y also cultivated 
in Europe, China and U.S.A. The kernels con¬ 
tain a high percentage of oil (60-70% with I.V. 
146-160), which dries in a similar manner to 
linseed oil. Like hemp and poppy seed oils it 
gives white non-yeUowing paints and therefore 
has been popular among artists. The supply is 
limited and it is not a rival to the more markedly 
drying oils. 

Safflower Oil.—The oil is obtained from 


seeds of Carihamus tinctoriuSy originally culti¬ 
vated extensively in India, Egypt and Russia 
for dyeing and for its edible oils. The seed 
Yields 25-36% of an oil (I.V. 140-150) which on 
heating at 210°C. for 2^ hours is stated to poly¬ 
merise to a stiff elastic gel, which is soluble in 


turpentine. This property might make it useful 
in “ toet‘On^toet ** technique (A. Rehbein, Drugs, 


Oils and Paints, 1936, 61, 164). It yellows less 
than linseed oil. The heat-treated Indian oil 
is used locally in weather-proofing. It is under 
investigation in the U.S.A. and the results show 
that it is suitable for certain paint types with 
some promise of commercial development. 

Grape Seed Oil. —Largo quantities of seeds 
are available from the wine and grape-juice 
industries. The seed contains on the average 
12% of oil (I.V. 130-157 (maximum)). The 
drying properties of the extracted oil are too 
variable for use as ingredients in paint and 
varnish. The oil has been expressed for some 
time in Europe and more recently in the Argen¬ 
tine and N. Africa. 

Lallemantia Oil. — Lallemantia ibericay the 
source of this oil, is systematically cultivated 
in Russia. It is stated to yield an oil of good 
drying properties (I.V. 160 approx.) suitable as a 
linseed oil substitute. 

N’gart Oil. —The oil is obtained from the 
seeds of Plukenetia conophora cultivated in W. 
Africa and is similar to linseed oil (I.V. 195- 
205), drying more rapidly than that oil, if the 
free fatty acids be removed. On heating at 
310°C. for 6 hours polymerisation to a solid mass 
ensues. 

Rubber Seed Oil. —Both Ceard and Para 
rubber seeds, of which large quantities are 
available, yield drying oils similar in smell, 
but inferior to linseed oil for paint-making 
purposes. The kernels of the Para-rubber seed 
{Uevea brasiliensis) yield 40-50% of oil (I.V. 
130-145) which usually contains large quantities 
of free fatty acids. 

The usual methods for improving the inferior 
drying oils do not seem to have met here with 
success. The following oils have strong drying 
properties owing to the presence of the highly 
unsaturated acids, but at present they are of 
academic interest only. 

Karasu-uri Seed Oil {Trichosantkes cucu- 
meroides), —The seed yields a greenish oil drying 
quickly to a wrinkled film and is said to contain 
a hitherto unknown stereoisomer of olsBostearic 
acid (Y. Toyama and T. Tsuchiya, J. Soc. Chem. 
Ind. Japan, 1936, 38, 185B; A. 1935, 960). 
This acid passes by isomerisation to jS-elfflostearic 
acid. 

Neou Oil. —The fruits of Parinarium macro- 
phylluniy which grows in W. Africa, yield little 
more than 4% of an oil (I.V. 185-225) which 
dries more slowly than tung oil to a brittle, 
slightly frosted film. The acid isolated from the 
oil is a-elsBostearic acid (W. B. Brown and E. H. 
Farmer, J.C.S. 1936, 761). 

Akarlton Fat. —The seeds of Parinarium 
laurinum yield a fat, m.p. 49-50°, which is used 
for water-proofing, etc., particularly in the Fiji 
Islands, where the plant is indigenous. It is a 
butter-like solid (I.V. 160-220) which bodies 
under heat even more rapidly than tung oil. 
The acid isolated from the oil is a conjugated 
tetraene acid, Et*[CH:CH]4*[CH8]7-C02H 
{parinaric cu^id), the first known in drying oils 
(E. H. Farmer, E. Sunderland, J.C.S. 1936, 
759; M. Tsujimoto, J. Soc. Chem. Ind. Japan, 
1936, 39, 116B). 

Pomegranate Seed Oil {Punica granatum), 
—drying oil yielding punicio acid whioh is. 
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claimed to be a stereoisomer of eleeostearic acid 
and different from that of karasu-uri seed oil 
(Y. Toyama and T. Tsuchiya, lx.; E. H. 
Farmer and F. A. van den Heuvel, J.C.S. 1936, 
1809). 

Dehydrated or Polymerised Castor OH 
{Synouryn (G.P. 613640), Dienol (Swiss P. 
193931)).—The seeds of Ricinua communis^ 
grown in India and in most hot coimtries, contain 
46-62% of oil. The iodine value, 88, brings 
it into the class of non-drying oils. It is the 
glyceride of ricinoleic acid which is hydroxylated 
oleic acid. 

CH3'tCH2]5CH(OH)CH2CH:CH[CH2bCOOH 

(ricinoleic acid) 

-CH8 [CH2]5 CH:CH CH;CH [CHj5l7 COOH 

- HoO 11 » 

(ricinic acid) 

Ricinoleic acid, when heated, loses water and is 
transformed into a conjugated linolic acid 
(octadeca-9:11-diene acid or ricinic acid) the 
glyceride of which has markedly drying pro¬ 
perties. The development of this oil is due to the 
work of J. S(‘heiber, and he claims that it gives 
films of even better durability and water- 
resistance than China wood oil; moreover, the 
films do not yellow (Farbe u. Lack, 1935, 411, 
422). The drying oil may be prepared (1) with 
castor oil as the source, using for dehydration an 
activated earth as catalyst (G.P. 032478, 1929); 
(2) ricinoleic acid is dehydrated and subsequently 
estcrified; this method ensures more complete 
dehydration (Angew. Chem. 1936, 49, 21). 

The striking durability of the film and, in some 
respects, marked superiority over China wood 
oil make this oil attractive, especially owing to 
the present shortage of tung oil. 

Dienol by subsequent treatment with HCIO 
and removal of HCI and HgO by trimethylamine 
gives Trienoly which is as good as, and in some 
respects better than, tung oil (A. V. Blom, 
J. Oil Col. Chem. Assoc. 1939, Vaniish Sym¬ 
posium). 

CH3[CH2J3CH:CHCH:CHCH:CH[CH2]7C00H 

13 11 9 

(trienol) 

Synthetic Drying Oil (S.D.O.).—S.D.O. is a 
synthetic drying oil discovered during the course 
of the Du Pont de Nemour Co.’s research on syn¬ 
thetic rubber {Duprene). It differs from natural 
drying oils in that its drying or hardening is due 
chiefly to polymerisation rather than absorption 
of oxygen from the air; moreover, fully hardened 
S.D.O. films are unaffected by the action of all 
solvent and most corrosive agents. The 
method of preparation may be indicated as 
follows: 

2CH:CH CH;C CH:CHa -> Duprene 

(acetylene) (monovinylacetylene) 



The product of polymerising divinylacetylene to 
just below the gel-point gives a viscous liquid 
(S.D.O. base). A solution in coal-tar naphtha 
is stable and on evaporation gives a film setting 
in 60-90 minutes, tack-free in 1-2 hours and 
hard in 12-24 hours. It is not acted on by acids 
or alkalis, and is far more impervious to water 
than any other varnish film. Unfortunately 
turpentine and petroleum cannot be used as 
solvents. Its general use in ordinary painting 
is restricted by limited adhesion and lack of 
elasticity of the film ; moreover, the coal-tar 
naphtha medium is dangerous because of its 
softening action on the undercoats. Possibly 
these difficulties will be overcome in time, 
because the substance is undoubtedly the most 
inactive to weathering and corrosive chemicals 
which has been produced up to the present. 

Refining of Drying Oils for Paints and 
Varnishes. 

The most important drying oil (linseed oil) 
as obtained by the usual pressing processes 
contains impurities, the quantity of which 
depends upon the age and condition of the seed 
and the method by whicdi the oil has been 
obtained. In addition to wide variations in 
colour and acidity, water is always present, 
because linseed is usually crushed and not 
solvent-treated. Part of the water, together 
with suspended matter from the crushed seed, 
settles out on standing. The chief impurity is 
mucilage (“ spawn ” or break '’). When lin- 
sec^l oil is heated rapidly to 280-32()''(k it is said 
to “ break,” and a gelatinous mass of a white or 
dark-brown colour separates amounting to about 
6% of the total volume or 0*2% by w eight (the 
ash content of linseed oil is 0-1%). Ingle and 
Woodmansey (J.S.C.I. 1919, 38, lOlT) record 
that mucilage “ broken ” from a raw’ oil to the 
extent of 0*28% contained 48% ash which 
consisted of 60% phosphate calculated as PoOj. 
The tanking of linseed oil (stabilised oil) allows 
of separation of water and the precipitation of 
some of the mucilage. It is now well recognised 
that if linseed oil be dehydrated it will not 
“ break.” The “ break ” has been stated to be 
removed by washing out with 10% salt solutions 
(Morrell, ” Varnishes and their Components,” 
1923, p. 71), probably due to the preferential 
wetting of the ” break ” and removal thereby. 
It is of interest to note that Banks and Hilditch 
(J.S.C.I. 1932, 52, 411C) by repeated boiling 
with air-free water extracted from linseed oil 
0-6% of a water-soluble resin with powerful 
anti-oxidant properties, and this may be con¬ 
nected with the slower drying of the fresh oil. 
If air or inert gas be passed through oil heated 
to about 100°, air-bleached linseed oil and 
“ blown oils ” are produced, which do not 
“ break ” on heating. If after “ breaking ” 
the oil be allowed to cool, the mucilage partly 
redissolves, so that the oil will still show 
“ break ” on reheating. Linseed oil from which 
” break ” has been removed is stated to be 
more durable and is especially free from attack 
of moulds (Amer. Paint & Var. Manuf. Assoc. 
Circs. Nos. 168, 126, 290). The colour of the oil 
from which the “ foots ” have been removed is 
much paler and is the same as given by the 
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Buperheated-steam method of refining, cf. B.S. 
No. 242-1936. 

Methods of Refinino. —(a) Alkali refining 
by caustic soda effects the removal of acidity 
and “ break,” whereby the soaps and the 
“ break ” are separated, and after washing the 
oil is dried at as low a temperature as possible 
in vacuum pots. This is the most important 
method for the prodm^tion of varnish oil. 
( 6 ) Acid refining by concentrated sulphuric acid 
yields oils unsuitable for varnishes, but for 
printing ink where colour is unim])ortant (acid- 
refined oils darken considerably on heating) they 
are preferred, because the}^ yield extremely thick 
litho-varnishes (C. W. Mundy, .1. Oil (\>1. 
Chem. Assoc. 1935, 13, 238). The most im¬ 
portant use is in the wet-j)ulping of white lead, 
when the oil is added to the water-wet pigment 
in a pug mill; on “ pugging ” the oil preferentially 
wets the white lead producing a paste (ioniain- 
ing 10 % oil with displacement of the water, 
(c) Steam refining : superheated steam at 205^0. 
is introduced into the oil and at 190°C the 
“ break ” appears (the phosphate content of the 
ash of the “ break ” is 80% P 2 O 5 ); the oil is 
then rapidly cooled to 93''C. and filtered after 
addition of fuller’s earth. The varnish oil 
produced by this method suffers no discoloration 
when heated. If the superheated steam treat¬ 
ment be continued beyond the time necessary 
to reach the separation of the “ break ” the 
oil is bleached to a very pale colour. This type 
of oil is valuable as an artists’ oil (C. W. Mundy, 
lx.). 

Bleached Lh^seed Oil. —The use of bleached 
oil has increased very largely, especially in the 
production of stand oil for white paints and 
enamels. The number of possible bleaching 
methods is limited to those which yield an 
oil which does not darken under heat. The 
air-bleached oil of commerce (by air current) 
darkens strongly on heating, which makes the 
resultant stand oil of limited use, but it gives 
insulating varnishes of enhanced water- and 
oil-resistance. It is now^ possible to prepare, by 
subsequently refining with an alkali, a partially 
oxidised oil in which the darkening on heating 
is almost negligible {v. Blown Oils, p. 90d). 

Nearly all the methods in use for the bleaching 
of fatty oils are inapplicable in the case of 
drying oils (C. W. Mundy, l.c.). Varnish oils may 
also be bleached by fuller’s earth or Florida earth 
(U.S.A.) and by activated earths {v. Earths, 
Active). Fuller’s earth may be activated by 
treatment with mineral acids, washed and 
subsequently dried (0. Eckart, Z. angew\ Ohem. 
1926, 39, 332). The oil is heated with 10 % of 
the earth at the lowest possible temperature with 
the shortest possible time of contact, as shown 
in table at top of next column. 

Imperial Chemical Industries, Ltd. (B.P. 
316186; 422941; 438056 (1936)), put forward 
processes for refining linseed, cottonseed, 
ground nut and whale oil by breaking with 
mineral acids, acids and salts to remove 
mucilage and then submitting the oil to 
molecular distillation to remove the free fatty 
acids and colouring matter as a first fraction and 
to leave a residue of resinous and fatty sub¬ 
stances. 


Type of 
refining. 

Sp.gr. 

Acid 

value. 

Iodine 

value 

(\Vij8.). 

Vis¬ 

cosity 

of 

stand 
oil in 
poises 
at 

Add 

value 

of 

stand 

oil. 

(Stabilised 

0-9327 

3-1 

178-1 

31-3 

9-2 

Break pre¬ 
cipitated 
at .500 L. 

0-9329 

3-1 

178-4 

29-7 

9-1 

Alkali re- 
fin(‘(l 

0-9318 

0-5 

180-5 

32-1 

6-4 

Acid re¬ 
lined 

0-9317 

8-2 

180-6 

30-1 

12-5 

Bleached 

steam 

ixdined 

0-9324 

0-8 

180-9 

34-2 

6-7 

Non-dark¬ 
ening pre¬ 
oxidised 

0-9390 

0-5 

165-1 

150-3 

9-8 

Alkali re¬ 
fined so3’’a 
b(‘an oil 

0-9253 

0-3 

127-2 

10-2 

7-9 


(C^ W. Mundy, l.c.). 


Stand Oit.s. —When linseed oil is lieated out 
of contact with air it gradually thickens and 
increases irj specific gravity and viscosity. 
I’he rate at which the changes occur depends on 
the temperature, and in practic(i the oil is 
heated to /ibout 290-300^0. A series of 
stand oils can be obtained, the thickest being 
stringy and semi-solid. In the j)aint industry 
only comparatively thin grades are used, the 
thi(rker oils (litho-oils) being employed in the 
manufacture of printing inks. 



Sp.gr. 
at 15 •5'' 

Vi?- 

coHity 

pois(‘s 

at 

Iodine 

value. 

Ox¬ 

idised 

acids. 

Linseed oil 

0-935 

0 6 

169 

0-3 

“Ex tint” . 

0-958 

19-5 

— 

— 

“ Tint ” 

0-966 

71-7 

113 

1-5 

“ Thin ” . . 

0-967 

86-9 

100-0 

2-5 

“ Mid ” . . . 

1 0 973 

350-8 

91-6 

4-2 


(Barry and Dunstcr, “ Varnish Making,” 19,34, 
p. 20, aiid Leeds, J.S.CM. 1904, 13, 208.) 

In the X)aint industry the stand oil used is usually 
rather thinner than ” ex tint ” varnish. When 
used as an enamel medium, stand oil is much 
slower drying than refined linseed oil without 
driers, and the addition of the usual driers does 
not i)roduce the necessary degree of acceleration, 
but the films obtained have a high degree of 
durability. In practice, media are largely 
useM which contain China wood oil and some¬ 
times natural and synthetic resins. 

The process of manufacture of stand oils is 
simple. Air is excluded as much as possible 
during the heating and in some plant an 
atmosphere of carbon dioxide is employed, 
but much is still made in ordinary boiling pots 
fitted with covers and connected with a good 
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draught to remove the fumes of acid character 
which cause discoloration of the oil. H. C. 
Cohen (Verfkroniek, 1936, 9, 140; B. 1936, 
648) states that the oil obtained in an inert 
atmosphere, although giving products superior 
in colour, is inferior in gloss, flow and durability. 
The details of the heating arrangements, 
temperature control, etc., are described in Barry 
and Dunster’s “ Varnish Making,” pp. 21-22. 
Among the 8j)ecial methods of heat treatment 
the Kestner-Mcrilene process has advantages 
when compared with dircct-flred pots. With 
this system the pots are jacketed or fitted with 
coils and heat is apy)lied by circulating special 
heat transmission (jil at high temjKTaturc and 
pressure through the jack(‘t or the coils. The 
Kestner iso-electric heating plant has been 
successfully used, whereby the vessel containing 
the oil is provided with internal heating 
elements, specially designed to give a large 
heating surface and so disposed as to afford 
efficient thermic (circulation of the oil. The 
temperature is automatically controlled, so that 
the current is cnit off when the maximum 
temperature is reached and resumed when the 
temperature falls to the recpiired minimum. 
The following figures taken from Barry and 
Dunster’s book show the results of w^orking the 
process to produce high-grade Iithograj)hic 
varnish (p. 31): 

Quantity of oil treated=2l0 gallons; time 
of heating (up to 295"C.) 100-110 minutes ; 

bodying time =--7-8 hours; fume loss 
2-3% ; colour (Lovibond)—before, 35 yellow', 
3*4 red : after, 30 yellow, 3-5 7'ed. 

Great advances havc^ been made during 
recent years in the applic^ation of gas heating 
for oil boiling and gum running. The efficiency 
depends on the design of the burner and the 
furnace. The burners are arranged to feed into 
combustion chambers so that convergent 
flames enter the circular hearths tangentially. 

The Use of China Wood Oie in Varnish 
Manufacture. —Preheating of tung oil is 
essential in order to obtain surfaces free from 
wrinkling, webbing and crystalline effects. 
The degree of heating and time vary ; some 
manufacturers prefer low temperatures (190‘’(’.) 
and long cooking (10 hours), or higher tempera¬ 
tures (250-260°C.) and shorter times (4 hours). 
E. Fonrobert (Paint Manuf. 1935, 5, 3()4; 
1936, 6, 4) maintains that a higher temperature* 
is preferable to 204^0. in the treatment of tung 
oil; that the mixed linseed-tung oil j)roducts 
are best made by separate heating of the oils, 
if the tung oil content be more than one-third ; 
if less, then heat treatment of the mixture results 
in the formation of mixed esters of the oil acids. 
Much depends on the type of varnish and on the 
conditions prevailing. 

The temperature-time gelation curve of tung 
oil (Fig. 1) shows a point of inflection at 270°C. 
This point is considered by Wornum (J. Oil Col. 
Chem. Assoc. 1933, 16, 240; B. 1933, 719) to 
indicate a rapid change from a linear polymer 
to a cross-linked polymer. 

Gelation of tung oil may bo retarded by rosin, 
rosin ester and by traces of sulphur. H. Ulrich 
(Farben-Ztg. 1934, 39, 704; B. 1934, 70) 


states that tung oil, heated at 200-240°C. with 
20% glycol, does not web or gel or isomerise, 
and the excess of the glycol can be esterified by 
oil acids to give a useful stand oil. 

When linseed oil is thickened it has been 
considered that isomerisation of the component 
linolic and linolenic acids occurs to give con¬ 
jugated systems which polymerise like tung oil 
(C. P. A. Kappclmcier, Farben-Ztg. 1933, 38, 
1018, 1077; B. 1933, 675). In the case of 
poppy oil similar isonunisalion tjvk(‘s place 
(J. 8cheibcr, Angewv. Chem. 1933, 46, 643; 
B. 19.34, 26). 

Ivecent improvements in the preparation of 
stand oil to remove the k^ss associated or less 
polymerised phases from the thickt'ucd oil by 
m(‘ans of acetone, butyl alcohol esti*rs and 



Fig. 1. 


ketones are given in B.P. 370614 (1932) {see 
li. S. Morrell, J.S.C.l. 1915, 34, 105T). These 
stand oil extracts are known as Tekaol. The 
develoj)ment of this mode ot separation has not 
advjinced, probably owing to exjxmse and to the 
pronounced tendency of the oils to thicken with 
pigments, imperial Ch(*niieal Industries, Ltd. 
(B.P. 442000, B. l‘)36, 335; 422941 and 

4288()4, B. 1935, 238, (>83), describe a method 
for the removal of unpolymerised components 
by evaporation or molecular distillation in a 
high vacuum, and the residual polymer is used 
as a. stand oil. 

Theories of Polymerisation of Un¬ 
saturated Glycerides.—33h‘ view that con¬ 
jugated forms are first formed has been already 
mentioned. Adecjuate proof is not yet forth¬ 
coming, although application of the diene 
method might furnish definite evidence. J. O. 
Cutter and L. A. Jordan (J. Oil Col. Chem. 
Assoc. 1935,18, 89) have put forw^ard in the case 
of tung oil a scheme of interaction of primary 
valencies on the lines of the Diels-Alder syntheses 
with the formation of a ring substance : 

CH3[CH2]3CH:CHCH-CHCH:CH[CH2]7C00R 

CHgtCHaL-HC'^ ^CHCHrCHfCHal-COOR 

1 : CH^ 
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Eossmann (Chem. Umschau, 1932, 39, 200 ; 
1933, 40, 96, 177; A. 1933, 60, 837) claims that 
elsBosteario acid heated up to 300®C. gives 
dimerides (products of a cycZohexadiene), but 
with further heating c^/cZopolymerides are 
probably formed. Adequate experimental evi¬ 
dence is, however, not forthcoming. In the 
case of mixed glycerides there is possible ester 
interchange w^hich takes place sJowly up to 
260°C., but can be accelerated by catalysts (0. E. 
Clarkson and T. Malkin, J.C.S. 1934, 06G; 
C. van Loon, B.P. 249016). Superimposed on 
the ester interchange is the disappearance of I 
double linkages due to polymerisation : 


XCHzCHY 

XCH-.CHY 

I 

I. I 


ci.v 

xin 

m. 


XCHCHY 

-> I I 

XCHCHY 
(unstable ring) 

II. 

XCHoCHY 

I 

or XC 

II 

CHY 

IV. 


This aspect has the advantage in that: (a) it 
does not demand the production of long chain 
substances; (b) the glyceryl radical is not 

involved; (c) the esterification of a dibasic 

acid (111 or IV) with a polyhydric alcohol, 
e,g. glycerol, will produce chain or cross-linked 
polymerides; (d) the residual unsaturation of 
the types III and IV explains the high 
degree of unsaturation which polymerised 
oils are known to possess. The dibasic acids 
indicated above have not yet been identified 
(Cutter and Jordan, Technical Paper No. 64 
(1934), Res. Assoc. Brit. Paint, Col. and Varnish 
Manuf.). 

H. Wolff (Fettchem. Umschau, 1935, 42, 169) 
states that from viscosity measurements the 
extra-molecular polymerisation is not greater 
than for a dimeride condition. 

R. 8 . Morrell (J. Oil Col. Chem. Assoc. 1936, 
18, 106) has pointed out that after gelation 
the formulae of Cutter, Jordan and Rossraann 
may apply, but before gelation he considers 
that the views expressed by Wornum (lx,) 
are more probable, i.e. aggregates to form 
micelles under the influence of secondary 
valency forces, and that it is only around the 
gelation point that the primary valencies come 
into action. His observation on the dieve values 
of heated f^-elseostearin are in support of this 
view, and the observations of Elod and Mach 
(Eolloid-Z. 1936, 75, 338) on the formation of 
stand oils give further support (see also Hunter 
and Samuel, Chem. Ind. 1936, 34). Polymerisa¬ 
tion of the glycerides with a suggested T struc¬ 
ture is different from the polymerisation of the 
ethyl esters. Such esters thicken gradually and 
the problem involves more definitely primary 
valencies and is more of the character of a 
chemical than a physical change. Steger and 
van Loon (Rec. trav. chim. 1936, 54, 387; 
Fettchem. Umschau, 1936, 42, 217; 1936, 43, 
17) have shown that purified ethyl linolate 


heated for 16 hours at 290®C. yielded (a) com¬ 
pounds of high molecular weight formed by the 
union of ethyl linolate molecules; ( 6 ) not more 
than 6 % of a conjugated linolic acid; and 
(c) about 10% of a cyclic monomeric ester. The 
conjugated ester is produced continuously, 
but relatively slowly, and then rapidly trans¬ 
formed into polymerides. Similar experiments 
with ethyl j??-el 8 eo 8 tearate, which does not gel 
on heating, showed that (a) polymerisation 
occurred between several molecules and ( 6 ) ring 
closure in single molecules of the ester pro¬ 
ceeded concurrently, the action being more 
pronounced above 300*^0. in the presence of 
sulphur as catalyst. 

SuLriiURiSED Oils. —The use of drying oils 
treated with sulphur or SgClg has produced 
quick varnishes of which subsequent coats may 
bo applied while the previous coats are wet, 
whereby the non-volatile components gel as 
soon as the volatile thinners have partly or 
wdioUy evaporated, “ wet-on-wet j)ainti7}g ” 
(W. Krumbhaar, Drugs, Oils and Paints, 1932, 
47, 488). A. W. Harrison (Brit. Plastics, 1932, 
4, 42) has described the modern technique, 
whereby drying oils arc bodied by heat or 
by air-blowing and/or vulcanised by S 2 C 12 - 
Treatment with 6 % SgClg is carried out on the 
cold oil, diluted with petroleum thinners. It is 
then further thinned with coal-tar solvents 
and with hot blown or heated polymerised oil, 
resinous materials anti a. very STuall percentage 
of Co driers (U.S.P. 1936230, 1933). 

R. Heublum (Farben-Chem. 1933, 4, 211) 
also describes the product from drying oils and 
82012 - These sulphurised oils, although of 
value, are not very stable and gclatc on keeping, 
which restricts their general use. The “ wet-on- 
wet ” effect can also be obtained by the use of 
stand oil, especially with the addition of a largo 
projjortion of bodied tung oil; blown linseed oil 
also gi\es good results (Krumbhaar, lx.). 
Linseed, tung, soya, poppy and castor oils 
may be treated with 3-8% sulphur at 120- 
ISO'^C. to give protective coatings for motor 
tyres (Anon., India-rubber J. 1933, 86 , 10). 

Blown Oils. —Linseed oil is heated to about 
130*^C. and air-blown, whereby the oxidation is 
so rapid that it is sometimes necessary to cool 
the receptacle to prevent over-heating. The 
temperature is maintained at about 200°C. and 
oxidation proceeds until the desired product is 
obtained (Barry and Dunster, op. cit., p. 24). 

F. Stechele (Farbe u. Lack, 1934, 447) has 
discussed the process, and he states that with 
increased air treatment the oil becomes miscible 
with alcohol so that it may be used in cheap 
nitrocellulose lacquers. The chief value of 
blown linseed oil depends on the flowing pro¬ 
perties it imparts to paints. The film dries 
quicker and more uniformly than linseed stand 
oil, and but little drier is required. All drying 
oils may be blown by air or oxygen, whereby the 
drying time is improved, e.g, tung oil blown 
with air at 110 °C. for 16 hours is used in the 
manufacture of printing inks and of linoleum, 
being blended with boiled linseed oil (F. Fritz, 
Paint and Var. Prod. Man. 1934, 10, 18). 
Poppy seed oil can also be blown with improve¬ 
ment in its drying properties. 
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Boilxd Oils. —^The nomenclature originated 
from an early process in which linseed oil was 
heated over a fire at temperatures from 95 to 
160°C. in the presence of metallic oxides or other 
metal salts. The product contained metal 
salts of the fatty acids, formed by partial 
saponification of the glycerides at the high 
temperatures employed, and possessed better 
drying power than the original linseed oil. It 
was a polymerised oil rather than an oxidised 
oil, belonging therefore more to the stand oil 
class. Oils prepared in this manner are difieren- 
tiated from other types under this heading by 
the name “ fire boiled ” oil, as the term boiled 
oil is now more generally appHed to linseed oil 
which has been blown during the heat treatment 
with siccatives, until a desired increase in 
specific gravity has been attained (c/. B.S. 
No. 259-1936). 

The process was formerly carried out by 
blowing air into linseed oil containing lead in 
the form of litharge or red lead and manganese 
in the form of umber or oxide at temperatures 
from 65 to 150®C. These metallic compounds 
were not all taken up, as the greater proportion 
of them settled out on standing and the sludge 
resulting therefrom was sold to paint manu¬ 
facturers for driers. 

The modem method is to heat the oil by means 
of closed steam coils and introduce the air in 
such a manner that it comes into intimate 
contact with the oil while the driers are em¬ 
ployed in the “ soluble ” form, e.g, resinates, 
linoleates, etc., instead of the oxides. It will 
be seen from this that the oil is a blown oil in 
contradistinction from the polymerised “ fire 
boiled ” oil. The method of manufacture, type 
of drier used and the stage at which this drier 
is incorporated determine the nature of the 
product, which may vary in colour from pale 
straw to nearly black, with a drying time from 
6 to 24 hours. In general, the darker oils dry 
more rapidly than the pale grades, while the films 
produced are quite unlike those obtained 
through the oxidation of the raw oil with the 
same driers as catalysts. 

“ Single,” “ double ” and “ triple ” boiled 
oils are only treated once in spite of the mis¬ 
leading nomenclature, the differences being 
in the specific gravities of the products, which 
range from 0-940 for the ” single,” 0-945 for the 
“ double ” to 0-950 for the heavy-bodied 
” triple ” boiled oil. 

Another variety is known as “ bung-hole ” 
boiled oil. In this case there is no heat-treat¬ 
ment, the driers being introduced through the 
bung hole of a barrel and merely churned for a 
period. 

Dbiees is the trade term for certain metallo- 
organio compounds and metal salts used to 
accelerate the drying of ink, paint, oil and 
varnish films. The metals chiefly employed are 
lead, manganese and cobalt, although others, 
such as Fe, Ce, V, etc., which exhibit a dual 
valency, may function in a similar manner 
(H. N. Bassett, J.S.C.I. 1934, 53, 604). There 
are two main types, namely the “ liquid ” 
or ** soluble ” driers and the paste ” driers 
B.S.I. Specification for Liquid Driers, 
No, 332-1928, and for Paste Driers, No. 331- 


1928). The latter consist of certain metallic 
salts, the acetates and/or borates or oxalates, 
finely ground in a drying oil, usually together 
with some inert filler such as barytes or barium 
sulphate; their use is naturally confined to 
paints and printing inks. The “ soluble ” 
driers, so-called by reason of their solubility in 
turpentine, white spirit and drying oils, are 
prepared ( 1 ) by fusing the oxide or a suitable 
metal salt (acetate) with rosin, linseed or tung 
oil (or their fatty acids), to form the “ fused ” 
drier, known in the trade as the ” resinate,” 
“ linoleate ” and ” tungate ” respectively, and 
this is the method employed in the manufacture 
of “ terobine ” driers, the name given to a liquid 
drier normally prepared from linseed oil, lead 
and manganese oxides or borates, rosin or a 
resin, and thinned with white spirit or turpen¬ 
tine (this should not be confused with 
“ terebene,” which term applies to a mixture of 
hydrocarbons produced by the action of HgSO^ 
on oil of turpentine); ( 2 ) by precipitation of the 
heavy metal salt from an aqueous solution of the 
sodium soap or salt of the organic acid {e.g, 
prepared by direct saponification of linseed oil). 
The washed precipitate is dried with or without 
fusion and/or directly dissolved in some solvent 
to form a drier of known metallic concentration. 
These are sometimes referred to as the “ pre¬ 
cipitated ” driers. By this method are pro¬ 
duced the more recently introduced naphthen- 
ates, keto-benzoates, etc., which form the basis 
of many patents (H. A. Bruson and 0. Stein, 
Ind. Eng. Chem. 1934, 26, 1268; S. N. Green- 
field. Paint Manuf. 1936, 5, 164). Of these 
the naphthenates are the more important, and 
their excellent solubility in white spirit to give 
stable solutions not prone to skin renders them 
particularly suitable for use in varnishes and 
paint media, but unlike the linoleates, etc., 
their direct solubility in oils is poor. Basic 
naphthenates have been introduced for the pre¬ 
paration of “ paste ” driers for printing inks. 
The degree of dispersion of these driers is 
j generally improved by the addition of an acid 
j body, either aromatic or fatty, which has a 
peptising and stabilising action. 

I Apart from the definite salts of the naphthen- 
ate typo the true chemical constitution of driers 
has not been fuUy elucidated; it depends largely 
upon the mode of preparation. A direct correla¬ 
tion between the metal content and its activity 
is therefore a little uncertain, as the percentage 
of metal in an active form depends upon the 
constitution and upon the degree of dispersion, 
neither of which is guaranteed in production. 
The metals Co, Mn and Pb each function 
specifically in regard to their catalytic action 
and influence the course of oxidation and 
polymerisation in different ways, not clearly 
understood. They are often employed, there¬ 
fore, in combination, e.g. Co and Pb, Mn and 
Pb, Co, Mn and Pb, and Zn may replace Pb 
in certain cases. The optimum ratios and total 
drier contents used will vary slightly with the 
type of varnish or medium with which they are 
employed (H. W. Chatfield, Paint Manuf. 1936, 
6 , 70, 112). 

In addition to their function outlined above 
driers are used otherwise to modify the character 
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of drying oils in which they are incorporated 
during manufacturing processes. Thus “ boiled 
oils ” are prepared by heating linseed oil with a 
lead drier (usually litharge) and a manganese 
drier. The product dries to a hard, somewhat 
brittle film quite unlike that jirodiiced from the 
raw oil when allowed to oxidise in air and the 
same driers are used as catalysts. Other 
metals, which are not oxidation catalysts, may 
find use also, e.g. Mg, Ca and A I, to produce a 
fattening or “ false body,” Fe (usually as the 
hydratecl oxide), to produce tough elastic 
products for stoving blacks, etc. 

Among the anti-catalysts (?;. nujmi) are (a) 
monohydric phenols, (6) polyhyclric phenols 
which contain hj^droxyl groups in the o- and 
p-})ositions, and (c) dij)hcny]amine and other 
aminos (H. A. Mattill, d. Biol. Chem. 19.*]], 90, 
141; B. 1931, 550; L. A. Hamilton and H. >S. 
Olcott, Oil and Soap, 19.‘h), 13, 127). a-Naphthol 
and guaiacol may be cited as examples of typo 
(a) employed commercially to prevent skinning, 
etc. d’ho action of buty alcohol, butyl glycollate 
and dipentene to prevent skinning is rather one 
of peptisation than of anti-oxidation. 

The early conception of the mechanism of 
driers w’as based more particularly on the study 
of their catalytic inlluence on the oxidation of 
the oil (R. «. Morrell, J.C.8. 1918, 113, 111). 
The raodorn tcnd('ncy is to take into considera¬ 
tion also the additional clfect of the drier on the 
colloidal com])lexity of the system (Mann, 
Barbo u. Lack, 1933, No. 2, 19). Thus cobalt 
driers possess a markedly sensitising clfect on the 
system, causing a coagula tion to the gel stage on 
relatively short exposure to the air, whilst lead 
tends to reverse the effect through its stabilising 
influence (W. E. Wornum, J. Oil Col. Chem. 
Assoc. 1934, 17, 119; 1936, 19, 42). 

The Chemistry of the Drying of Un- 
SATURATEB Fatty Oils. —J. 8. Long and 
collaborators (Ind. Eng. Chem. 1933, 25, 1086) 
conclude that in the drying of trilinolenic 
glyceride, peroxides are first formed with the 
production of polar molecules to give a gcl-like 
adherent structure, a result which (‘onllrms the 
conclusions drawn by Morrell and Marks 
(J.S.C.I. 1931, 50, 27T). A. Blom (KoUoid- 
Z. 1936, 75, 223), on theoretical grounds, 
regards drying as caused by autoxidation and 
polymerisation of the macromolecules acting as 
nuclei, which are drawn to the surface and 
undergo further polymerisation with network 
development which immobilises the low 
molecular components. Gee and Kidcal (Proc. 
Roy. Soc. 1935, 153, 116) and Gee (Trans. 
Faraday Soc. 1936, 32, 187), working with the 
maleic anhydride addition compound with 
)9-eheostearin, have demonstrated by surface 
pressure and boundary potential methods a 


primary unstable peroxide undergoing con¬ 
version to a more stable isomer or a direct 


polymer; 


X xo,( 

(unstable) 


polynner 

A 

XOg (stable) 


The polymerisation is by chain mechanism and 
I the length is conditioned by a steric factor. 
These results are supported by Morrell and 
Davis (Trans. Faraday 8oc. 1936, 32, 209) 
in an investigation of the oxidation of the addi¬ 
tion compounds of maleic anhydride with a- and 
jS-eljeostearic acids or their glycerides in polar 
and non-polar solvents. They have shown 
that in the case of the ^-compound a peroxide is 
poly^merised at the remote double linkage and 
that the grouping '“CO’CH(OH)— (ketol) is 
formed at the near double linkage- In the 
case of the a-substance no peroxide is formed and 
no polymerisation occurs. The nearest double 
litdvago is alone attacked to give a ketol group. 
The polymerisation of the peroxide groups from 
viscosity studios in polar s(dvents indicates a 
short chain of two molecules, possibly in a spiral 
form. The properties of the two oxidation 
products show' close similarity to those from 
the oxidation of jS-elaeostearin from tung oil. 
The inlluence of the Holveut on the character of 
the oxidation product is very^ marked ; with 
carbon tetrachloride, micelles of free peroxide 
are produced, whereas with glacial acetit*, acid 
or benzene, short chain soluble polymers are 
formed. It was observed that the metal of the 
drier used was attracted by the insoluble 
peroxide gel and gradually w ithdrawn from the 
system. A marked induction period w^as 
observed if non-polar solvents were used, 
w'hereas there is no induction period with 
glacial acetic acid as solvent (s'ee A. Ward and 
France, J.8.C.I. 1935, 54, 435T, on the influence 
of carbon tetrachloride on the induction 
period). When the micielle form of the peroxide 
is heated to 100"C., i)art of the active oxygen is 
evolved and the remainder is used in secondary 
oxidation to [CO COJ; this loss of oxygen 
in’ the micelle form causes the production of the 
oxido-form on the lines of oxidoelaidic acid : 


O 

/ \ 

CH3 [CHj>]7 CH CH [CH2]7 C02H 

(G. W. Ellis, Chem. Ind. 1935, 54, 1027; 
Biochem. d, 1936, 30, 753). The presence of the 
ketol group in an orya is a probable source of 
w'eakness in the durability of drying oil films. 

The formuhe of the respective oxidation 
products of the maleic anhyMride addition 
compounds with a- and /3-elaH)Sftearin are 
represented as follows: 


^CHrCHv^ 

CHgfCHgVCH CHCOCH[OH)[CH2]7COaR 

^CHCH^ 
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CH3[CHj]3CHCHCH CH-ECHjVCOjR 

'' CH CH--^ ' 

I I 

CO CO 

\/ 

o 

D3-] 


(r/. Morrell, Chcm. Ind. 1937, 795). 

Literature .—Morrell and Wood, “ The 
Chemistry of Drying Oils,” E. Benn, 1925; 
T. Hedley Barry and G. W. Dunster, “ Varnish 
Making,” Leonard Hill, Ltd., 1934. 

R. S. M. and W. E. W. 

DUCHN V. Cereals, Millet (Vol. 11, p. 
488a). 

“DUDU-DUDU” V. CiTAULMOOGRA Oil 
Group (Vul. II, p. 5236). 

DULCI N, yj-cthoxyphenyloarbamide, 

EtO CfiH^ NH CO NHg 

is two hundred times sweeter than eane sugar, 
for M'hich it has been recommended as a sub- 
etitiite; it has also antipyretic properties. 

DULCITOL, CgH 1^0,5, m.p. 188°, is the 
alcohol corresponding to galactose. 

H OH OH H 

HO CHg C • C • C • C CHg OH 
OH H H OH 

It is found in particular in Scrophulariacea' 
and in Celastraceie, and also in red alga^. It is 
optically inactive. 

K. E. A. 

DUMAS IN, the name given by Kane (J. pr. 
Chem. 1838, [i], 13, 69) to an oil isolated from 
acetone oil, and shown to be identical with the 
ketone eyelopentanone, 

/CH.CHo 

CO<( ^ ^ 

^CHgCHg 

obtained by distilling calcium adipate (Hentz- 
schel and J. Wislicenus, Annalen, 1893, 275, 312, 
318). 

DUMORTIERITE v. Andalusite. 

DUNG SALT or DUNGING SALT. 

Sodium arsenate, used as a substitute for cow- 
dung in calico-printing {v. Arsenic, Vol. I, 
p. 478d). 

DUODECYL ALCOHOL. w-Duodeeyl 
alcohol, also known as lauryl alcohol, 

?i-Ci2H250 H, 

m.p. 19-21°, b.p. 256-259°, sp.gr. at 25° 0-834, 
ref. ind. at 25° 1-4400, is a synthetic perfume 
of very delicate odour, recalling that of lilies 
and tuberose. It is valued as an addition to 
many floral bouquets, but must be used in very 
smaU quantities. The isomeric methyl w-decyl 
carbinol is also sometimes used in perfumery. 

E. J. P. 


DUODECYL ALDEHYDE, n Duodecyl 
aldehyde, also known as lauraldehyde, 

//-CJ1H23CHO, 

m.p. 43°, sp.gr. at 30° about 0-840, ref. ind. about 
1-4450, b.]). 115° at 10 mrn., is useful as a per¬ 
fume when mixed in very small amount with 
ionone. About 0-1-0-4% is all that should 
be used in fancy bouejuets, anti to violet per¬ 
fumes it imparts the characteristic fragrance of 
the leaves. 33ie isomerit; methyl vononyl acet- 
aldt-hyde, sji.gr, 0-835, ref. ind. about 1-440, is 
jireferred by many ])erfumers to the normal 
aldt-hyde. 

E. J. P. 

DUOTAL. A brand of giiaiaeol caiLonatc, 
C0(0-CgH4-0Me)2 (I/cyt/ca, Drendeu-, Braun, 
London). B.P.C. 1934. 

DUPRENE, a polymt-r of chloroprene (P- 
chlorobutadiene) (c. Acetylene, Vol. J, p. 896). 

DURALUMIN r. Alloys, Light (Vol. I, 
p. 251r). 

DURANGUS (trade name). Laminated 
fabrics bonded with jihenol-forrjialdchyde resins 
for the manufacture of silent pinions, made by 
George Angus & Co., l^td. 

E. E. W. 

DURANOL DYESTUFFS r. Acetate 
Silk Dyes (V^ol. I, p. 416). 

DURENE and isoDURENE v. Cymene 
(Vol. HI, p. 5396). 

DURENOL, a synonym for l:2-.4:5-tetra- 
methyl-3-hydroxybenzene, m.p. 117°, b.p. 249- 
250°. 

DUREZ (trade name). Phenol-formalde¬ 
hyde condensation products made by General 
Plastics Inc. in the form of moulding pow-ders, 
insulating varnishes and oil-soluble vaniish 
resins. 

E. E. W. 

DURITE, trade name for phenol-formalde¬ 
hyde and phenol-furfural condensation products 
of various kinds for use in making moulding 
compositions, laminated products, varnishes 
and for other purposes, made by Durite Plastics. 

E. E. W. 

DUROCAINE. A preparation containing 
novocaine, used for the production of spinal 
anaesthesia {v. ANiESTHETios, Vol. I, p. 369c). 

DURON. Amide of stearic acid used for 
emulsification of oils and as a wetting-out 
agent. 

DURRHA or DARI v. Cereals, Millet 
(Vol. II, p. 482c). 
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DUST, INDUSTRIAL, AND DUST 
EXPLOSIONS. 

SCHEME OF TREATMENT. 

1. INTKODUOTION. 

2. PROPERTEBS OP DUSTS. 

(a) ClasBification of Dusts. 

{b) Special Properties of Dust. 

(1) adsorptive power; (ii) chemical pro¬ 
perties; (ill) electrical properties; (iv) 
stability; (v) physical properties; (vi) 
thermal properties; (vii) optical proper¬ 
ties. 

(c) Industrial Aspects. 

{d) Collection and Removal of Dust. 

(1) settling; (ii) filtration ; (iii) electro¬ 
static precipitation; (iv) packing and 
handling. 

(tf) Inflammabilitv of Dusts. 

3. Dust Explosions in Factories. 

(a) Explosive Combustion. 

ib) Explosion Pressures. 

(c) Formation and Ignition of Dust Clouds. 

(d) Safety Precautions. 

(1) preventing the escape of dust; (ii) ex¬ 
haust ventilation; (iii) prevention of 
ignition. 

(c) Limiting Possible Damage. 

if) Statistics. 

4. Physiological Effects of Dusts ; Fumes. 

6. DUST Respirators. 

6. Literature. 

1. Introduction.—Dust arises in industry as 
the result of (a) intentional, (b) accidental 
production, and the attitude towards its proper¬ 
ties is determined accordingly. 

Information is usually desired, however, in 
regard to three particular aspects : 

(i) The sizes and properties of fine particles. 

(ii) The effects on health of inhaling or 

handling certain dusts. 

(iii) Dust explosions. 

The following survey is mainly confined to the 
accidental production of dust, protection 
against it and its relation to dust explosions. 
The specialised subject of coal-dust explosions 
is dealt with in a separate section (pp. 108- 
120). For the purpose of this article the term 
“ dust ” should be read to include liquid 
particles (mists) where the particles are of 
similar size. 

Industries particularly subject to the pro¬ 
duction of dust during manufacturing opera¬ 
tions are mining and quarrying; crushing and 
sorting of coal and mineral ores; stone cutting 
and hewing; metal crushing and polishing; the 
smelting and pouring of metals in foundry work; 
the manufacture of pottery, lime and cement; 
textile industries; milling and storing foodstuffs, 
such as flour, cereals and cocoa; saw mills and 
wood-working; glass works; leather, cork, 
graphite and certain chemical processes. The 
content of dust may vary from 30 to 400 mg. per 
cu. m. as compared with 1 mg. per cu. m. in 
country and seaside air, 1-3 mg. in towns and 
6 mg. in industrial areas {v. Gibbs, “The Dust 
Hazard in Industry,” 1926, p. 16). 

In the following table are shown (a) the 
average quantities of dust in milligrams per 
oubio metre commonly present in certain 


industrial processes, and (6) the average number 
of dust particles per cubic centimetre of the 
air (Gibbs, op. cit., pp. 16, 17); 


Process. 

(a) Mg. dust 
per cu. m. 
air. 

(6) No. of 
part-idea 
per c.c. 

Grinding table blades 

22*0 


Do. (good ventila- 



tion) .... 

2*5 


Racing sandstone . 

309*5 


Do. (good exhaust 



hood) .... 

25*3 


Rumbling castings . 

210*6 

3,301 

Stripping large steel 



castings by hand . 

91*6 


Marble cutting shop. 

19-24 


Felt shoe factory 

175 


Cement mill (work¬ 



ing) .... 

224 


Do. (not working) . 

130 


Gold mining and tin 



mining .... 

188-412 

10,000-12,000 

Wet sandstone grind¬ 



ing (stove grates) 


496 

Wet sandstone grind¬ 



ing (scythes) . 


3,000-3,500 

Wet sandstone grind¬ 
ing shop (textile 



machinery) 


5,926 

Dry emery wheel 



(grinding castings) 


2,687 


2. Properti es of D u s ts.—In almost every case 
the phenomena concerned are closely related to 
the special properties of dust particles, so that 
it is most convenient to start with a considera¬ 
tion of this aspect. 

{a) Classification of Dusts. —Dust is some¬ 
times defined as matter in such a finely divided 
condition that it floats freely in the air and 
behaves like vapour or smoke. This definition 
covers mist and spray as well as fumes and 
smokes. The size of particles ranges between 
0-1 mm. diameter in the case of fine sand or 
grit and 0*00001 mm. diameter in the case of 
cigar smoke. Beyond a certain degree of dis¬ 
persion its behaviour is determined by the special 
chemico-coUoidal properties characteristic of 
this state. The mobility may approach the 
Brownian motion and it may exert a pressure on 
the walls of its container. The superficial area 
increases very rapidly; a centimetre cube of 
matter has a total area of 6 sq. cm., but the 
same volume divided into 10^* cul^s, each 
having 10”* cm. side, has a total area of 60,(X)0 
sq. cm. (Gibbs). This fine subdivision causes 
the particles to float in the suspending medium 
and this dispersion enables them to exert with 
maximum effect the physical and chemical 
activity due to the greatly increased surface area. 
The true solid or liquid character is shown by the 
low transparency to light and heat. The 
approximate diameters of different dusts are 
compared in the table in the first column of 
p. 95 (Gibbs, op. ctL, p. 23). 

The rate of settlement may vary £rom 3 m. per 
second, for sand particles of diameter 0*1 mm. 
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Substance. 

Average diameter 
of particles in cm. 

Milk powder. 

0-014-0-007 

Maize starch .... 

0-012 

Cement (300-mesh) 

0-01-0-007 

Lycopodium. 

0-0028 

Atmospheric fog 

0-0014-0-0035 

Sulphuric acid mist from 
concentrators .... 

0-001MJ-00016 

Pyrophoric carbon . 

0-000125 

l^yrophoric iron 

0-00054 

Ammonium chloride fume . 1 

0-0001-0-00005 

Oil smoke (produced by 
detonation) .... 

0-0001-0-000005 

Rosin smoke. 

0-0001-0-000001 

Tobacco smoke .... 

0-000015-0-000001 


and sp.gr. 2-5, to 3 m. in 30 days for smoke 
particles of diameter 0-00025 mm. and sp.gr. 1. 

Gibbs terms such relatively stable systems 
aerosols {q.v.) and classifies them into three 
groups, according to their state of division : 

Dusts. —Particles larger than 10~® cm. diameter. 
Such particles settle in still air vith 
increasing velocity and do not dilfusc. 
Clouds. —Particles between 10“® and 10“^ cm. 
diameter. Such particles settle in still 

air at constant velocity, dependent on their 
size, according to Stoke’s law, and do not 
diffuse. 

Smokes. —Particles between 10~® and 10~’ cm. 
diameter. Sucii particles do not settle 

at all in still air, diffuse fairly rapidly and 
are in active Brownian motion. 

Another convenient classification given by 
Drinker (“Occupation and Health,” Inter¬ 
national Labour Office, 1930, Vol. I, p. 603) 
takes account also of liquid particles : 

Dusts. —Solid particles from less than 1 micron 
up to 160 microns (1 micron—O OOl mm.) ; 
such dusts are formed by operations such as 
the grinding, crushing, drilling and blasting 
of rock. 

Fumes. —Liquid or solid particles from 0-2 to 
1 micron in diameter, formed by physico¬ 
chemical reactions such as distillation, 
condensation and combustion, e.g. acid 
mists, ammonium chloride, lead and zinc 
oxide fumes. 

Smokes. —Particles of ultramicroscopic size 
(0-001-0-1 micron). In practice Hquid 
or solid particles of 0-3 micron, or less, 
diameter are produced by the incomplete 
combustion of carbonaceous matter, e.g. 
gases, oil, tobacco, wood, coal. 

A thermal precipitation apparatus for long 
period sampling of dusts of industrial and 
pathogenic importance htis been developed for 
the Medical Research Council (Report No. 199, 
1935), which yields accurate information about 
the number of particles in a dust cloud, their 
size, frequency and, to some extent, their shape. 
Tests with this apparatus in connection with 
the Mark IV dust respirator {see p. 107) gave 
the following results: 


Dust. 

Median 
diameter in 
microns. 

Size 

distribution 
in microns. 

Asbestos dust 

2'5-3-5 

1 

8-15% 

<1 


(length) 

65-75% 

<5 



87-90% 

<10 


0-55 

43% 

<0-6 


(diameter) 

' 82% 

<1 



98^-, 

<2 

Impurities in 

0-45-0-8 

30-65% 

<0-5 

above 


87-98% 

<2 



1-4% 

>6 

Flint dust 

0-8-1-3 

20-30% 

<0-6 



70-90% 

<2 



1-6% 

>5 

Ilaernatii e dust 

0-9 

30% 

<0-5 



82% 

<2 



1% 

>5 

Sandstone dust 

0-6~M 

25-45% 

<0-6 



70-90% 

<2 



1-8% 

> 5 

Shale dust 

0-4-1-2 

25-56% 

<0-5 



66-92% 

<2 



1-10% 

>5 

Silica dust 

aT)proximately same as 


flint dust 



An interesting scale diagram (Pig. 1) based on 
one produced by the Sturtevant Engineering Co., 
Ltd., is reproduced on p. 96 by permission. 

(6) Special Properties oe Dust. —The 
peculiar properties of dust are almost entirely 
due to the increase in superficial area, which 
results in a correspondingly great increase in 
adsorptive power, chemical activity, liability to 
electric discharge, and in the stability of the 
cloud. 

(i) Adsorptive Power. —Thus, a litre of carbon 
black may contain 950 c.c. of adsorbed air, which 
at normal temperature and pressure would 
occupy 2-5 litres, and only 60 c.c. of actual 
carbon black. Beyersdorfer showed that if 
200 g. of lump sugar are ground for 24 hours in 
an air-tight ball mill, the pressure of the air in 
the mill is reduced from 760 mm. to 23 mm. 
owing to the adsorption of air on the freshly 
formed sugar surfaces. Certain substances, e.g. 
precipitated silica, magnesium carbonate, zinc 
oxide, when reduced to fine powder, say 300 
mesh, will flow and surge like a liquid, the 
particles being cushioned by the adsorbed gas, 
and can only be wetted with difficulty. It is 
notoriously ^fficult to recover zinc oxide from 
foundry fume by washing, or to absorb in water 
sulphuric acid mist from concentrators, owing 
to the outer adsorbed layer of air. 

(ii) Chemical Properties. —^Matter in a very fine 
state of division displays greatly increased 
chemical activity. A material which in a state 
of aggregation bums quietly may in a state of 
fine division bum with explosive violence, since 
each particle is surrounded with the oxygen 
necessary for combustion, while the increased 
surface energy facilitates the reaction. The 
intensity increases with the degree of dispersion 
and the concentration, up to a maximum 
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corresponding to complete combination with 
oxygen. The effect is often increased owing to 
the existence of large quantities of adsorbed 
oxygen. 

(iii) Electrical Properties .-—The increase in 
surface area (causes a (lorrespoiiding increase in 
electrostatic capacity and liquid or solid 
particles in suspension in a gas become chargeil 
electrically, cither by adsorption of ions, or by 
contact with solid or liquid surfaces, or even by 


contact of the particles themselves. Rudge 
(Phil. Mag. 1913, 25 (Ser. 6), 481) showed 
by experiment that nearly all kinds of finely 
flividcd material, when blown into a cloud of 
dust by an air current, give rise to electrical 
charges upon the dust and the air. Sparks up 
to 5 cm. in length have been formed by blowing 
dust out of a tube into air. The charge on the 
dust particles depends on the chemical charac¬ 
teristics of the material ; generally speaking, 



Ffo. 1 .—Comparison of Sizes of Dust Particles. 


metallic dusts or strongly basic bodies give 
negatively charged dusts, while non-metalHc 
and strongly acidic bodies give positively 
charged dusts. With salts the charge depends 
on the relative strengths of the acidic and basic 
ions. The charges acquired by different sub¬ 
stances are shown in the following table : 


Positive cluirge. 
Carbon 

Copper chloride 
Potassium nitrate 
Sand 

Sodium chloride 
Fine soil 
Starch 
Sulphur 


Negative charge. 
Aluminium 
Aluminium oxide 
Dextrin 
Dextrose 
Flour 
Iron 

Iron oxide 
Lycopodium 
Magnesium 
Magnesium oxide 
Sodium carbonate 
Zinc 

Zinc carbonate 
Zinc oxide 


It has recently been suggested that the variation 
in the static electric charges produced by the 
contact or rubbing of solid bodies is due to the 
nature and amount of the invisible film of con¬ 
tamination, which really embraces the region 
of contact, and which contains a proportion of 
fine dust particles. 

Similarly, when a liquid splashes or is atomised 


in a gas, the increase in specific surface is usually 
associated with electrification of the droplets. 
Large falling raindrops, of diameter exceeding 
4 mm., when flattened and ruptured by the 
resistance of the air, become positively charged, 
and in the violent vertical circulation which 
0 (;curs in a thundercloud, the positively charged 
droplets travelling downwards become separated 
from the negatively charged air being carried 
upwards and give rise to the enormous potential 
difference which ultimately culminates in a 
lightning discharge. 

A charged particle in an electric field will move 
under the direct action of the field, and this is 
the basis of electrical precipitation processes. 

Dust may become charged as a result of {ri(;tion 
against the solid surfaces in machines and the 
fine dust which esca})es is electrically charged. 
If machines of this kind are not earthed they 
become charged under favourable conditions, 
particularly in very dry weather, and a spark 
discharge may occur with disastrous con¬ 
sequences. The sign of the charge depends 
upon the relative dielectric constants of the dust 
and the material against which it rubs. The 
material which possesses the higher dielectric 
constant becomes positively charged. Beyers- 
dorfer has shown that 1 g. of finely divided sugar 
dust can acquire a charge of 8-4x10^ electro¬ 
static units. This amount of energy would 
be sufficient to ignite the dust at a concentration 
of 1*57 g. per cu. m. (0-()0157 oz. pier cu. ft.); 
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such a concentration is frequently found in 
disintegrators and conveyors. Strong sparks 
up to 1 cm. in length are produced by the 
friction of sugar dust on a copper vessel, corre¬ 
sponding to a potential of 25,000 volts. In 
practice, charges of over 10,000 volts can easily 
be accumulated, e.g, on the filter bags on 
threshing machines and cotton gins, and in the 
separation of sugar dust. These bags act like an 
electrical machine, separating the positively 
charged dust from the negatively (diarged air. 

Jaeckel (Z. Vcr. dcut. Zuckerind. 192.‘1, 73, 
117; Z. techn. Physik, 1924, 5, 07) has cal¬ 
culated the concentrations at which particles of 
different sizes will first ignite from an expression 
depending on temperature, electrostatic charge, 
concentration, size and specific heat. He finds 
for sugar dust, the ignition temperature of 
which in air is 410'^C., that particles of 10“^ cm. 
diameter will first be able to explode at a con¬ 
centration of 10^ g. per cu. m.; this concen¬ 
tration is impossible in practice. Beyersdorfer 
(Kolloid-Z. 1923, 33, 104) states that particles 
of 10~^ cm. diameter will be able to ignite at a 
concentration of 30 g. per cii. m., and particles 
of 10~® cm. diameter at a concentration of 0-03 g. 
per cu. m. The most dangerous dust, therefore, 
lies in the region of colloid dimensions. 

(iv) Stability .—The question of the stability 
of dust suspensions is important as throwing 
light on the conditions necessary to cause 
flocculation and deposition. The rate of settle¬ 
ment depends theoretically on size, but will 
naturally be affected by air movement. Ad¬ 
herence to a solid surface can be atjcelerated by 
agitating the cloud and thus promoting contact, 
or by increasing the area of the surface. The 
effect of a filter, whether of cotton or woollen 
fabric, fibre, chart^oal or coke, is to break up the 
cloud into small eddy currents, and bring these 
into contact with a relatively enormous surface, 
thus facilitating difl'usion and adherence. The 
ett'ect is a combination of diffusion, attraction 
and centrifugal force. A layer of charcoal 
granules, for instance, will absorb gases or 
vapours such as chlorine or carbon disulphide, 
but not tobacco smoke, sulphuric acid mist, 
fine silica particles or the toxic smokes com¬ 
posed of fine particles of various arsenical 
compounds. Canister respirators accordingly 
require a special filter to remove these 
exceedingly fine particles. 

The chief effect of diffusion is to increase the 
collision frequency between the particles. 
Whytlaw-Gray, working with smokes of am¬ 
monium chloride and of the oxides of cadmium, 
copper and zinc, observed three periods in the 
life history of a newly formed smoke: an unstable 
period of flocculation merging into a period 
during which both flocculation and sedimenta¬ 
tion occur, and followed by a stable period during 
which the number of particles decreases very 
slowly by sedimentation even over a period of 
24 hours. The flocculation of an aerosol is 
assisted by anything that will remove the 
protective electric charge or film of adsorbed 
gas. Turbulent air motion, jets of steam or 
finely atomised water, impinging on a cold 
surface (thermal precipitation), and electrical 
precipitation are the methods usually adopted, 
VoL. IV.—7 
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and are the logical application of the properties 
described above. 

(v) Physical Properties .—The vapour pressure 
at the surface of a droplet of liquid increases as 
the radius becomes smaller, but this effect only 
becomes apparent when the radius is less than 
10—^ mm. In condensation, the extremely high 
vapour pressure of the minute droplets that would 
be first formed makes condensation impossible, 
except with very high degrees of supersatura¬ 
tion, unless suitable nuclei are present. These 
nuclei, by their size, shape, chemical or 
electrhial character, reduce the vapour pressure 
sufficiently to permit condensation and the exist¬ 
ence of small droplets. The effect of an elec¬ 
trical charge on a dust particle or gas molecule 
is greatly to reduce the vapour pressure in the 
vicinity and encourage condensation on it. 
Conversely, when a charged droplet evaporates 
it reduces in size until the increased vapour 
pressure just neutralises the opposed effect of 
the charge; such droplets are then stable and can 
only be removed by electrical precipitation. 

(vi) Thermal Properties .—The particles in a 
dust cloud or mist will absorb radiant heat and 
communicate it to the surrounding gas. If the 
heat rays are then cut off* the particles will cool 
by radiation to a temperature lower than that 
of the gas, and water or other vapour can be 
condensed on them. Tyndall observed that a 
hot rod became surrounded by a region of warm, 
dust-free air streaming upwards; Rayleigh, 
that a cold rod had a surrounding down-current 
of dust-free air, the dust being deposited on the 
rod. Small particles in flames tend to deposit on 
cold rather than hot surfaces (thermal pre¬ 
cipitation). 

(vii) Optical Properties .—Work has also been 
carried out on the optical properties of suspen¬ 
sions in connection with the reflection, refrac¬ 
tion, diffraction, polarisation, scattering and 
screening power; the results depend largely on 
the size of the particle as compared with the 
wave-length of the light (Gibbs, “Clouds and 
Smokes,” 1924, pp. 65-71). 

(c) Industrial Aspects. —Apart fromquest- 
tions of prevention and collection, it is necessary to 
prepare substances in a finely divided condition 
for many industrial purposes. Such materials 
are used, for example, as catalysts, absorbents, 
precipitants for dissolved substances, opalising 
agents and medicines. Chemical activity, e.g, 
zinc dust as a reducing agent, may be increased 
by subdivision. Certain liquids, e.g. milk, 
can be evaporated without spoiling by spray 
drying. Coal-dust as a fuel, either dry or in 
admixture with oil, is receiving increasing 
attention, as shown by the papers before the 
various World Power Conferences. There is 
growing investigation into the use of “ waste ” 
dusts, as clinker, slag, sawdust, synthetic stone, 
etc. 

Finely divided metallic powders, e.g. zinc and 
aluminium, can be obtained by cooling the 
vapour of the metal rapidly in an inert atmo¬ 
sphere so that condensation occurs well below 
the melting-point of the metal. Unless very 
highly supersaturated, a vapour will only con¬ 
dense on “ nuclei,” which may consist of dust 
particles or gaseous ions. For a given degree of 
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supersaturation, the fineness of the condensate 
depends on the number of condensation nuclei 
available, the pressure and the rapidity of the 
cooling. In practice, the vapour may be cooled 
by adiabatic expansion, by mixing the hot vapour 
with colder gas, or by chemical reaction at a tem¬ 
perature where the product will be highly super¬ 
saturated. The preparation of zinc oxide, carbon 
black, pure aluminium and zinc dust, and the 
sublimation of iodine and phthalic anhydride, 
may be mentioned. 

An interesting application of this principle is 
the process of metal spraying, in which the metal, 
melted by an electric arc between two wires 
of the metal, is carried by a jet of compressed 
air on to the surface to be covered. 

The peculiar properties of finely divided 
matter are also of importance industrially in 
grinding and evaporation. The energy ex¬ 
pended in overcoming the forces of cohesion 
in grinding is directly proportional to the 
area of the new surface produced, i.e. to the 
fineness, and appears as heat. The efficiency 
of any grinding process depends on the resistance 
of the material to the forces applied, and 
beyond a certain point the paste or powder 
“ gives,” the individual particles sliding over 
one another without being sufficiently stretched 
beyond their elastic limit to disintegrate. 
Gibbs {op. cit.y p. 11) states that material cannot 
be successfully pulverised by straightforward 
grinding methods to less than 0*1 micron 
diameter. In connection with cement it has 
been shown that there is a definite law relating 
to the continuity of particle size similar to the 
compound interest law. Methods used indus¬ 
trially employ steel balls, beating arms, rollers, 
revolving discs, concentric oppositely revolving 
cages of open bars, mills with metal or stone 
rollers or cone-shaped grinding units. Various 
types of “ colloid ” mills are available. The chief 
characteristic of industrial dusts requiring to be 
determined is the particle size. Methods used 
have included optical, sieving, sedimentation, 
elutriation, electrical precipitation, bulk density, 
heat of wetting, angle of repose and filtering 
constants, although the last four are purely 
empirical. Elutriation is becoming of increasing 
importance for obtaining dusts of a given 
grade or for isolating component grades. 

A liquid is comparatively easily broken up 
into a fine mist by sudden and violent collision 
between a jet of the liquid and a rapidly revolving 
disc, a second jet of liquid or a jet of com¬ 
pressed gas. The effect is to stretch the liquid 
beyond the surface tension, the specific surface 
is increased enormously, and it breaks up into 
fine drops having a smaller specific surface. 
The vapour pressure of such small droplets 
is higher than at a plane surface, hence the 
boiling-point is lower. This property does not 
become apparent, however, until the radius of 
the particles is less than 10~* mm., a degree of 
dispersion which is practically never obtained in 
industrial operations. The property which is 
utilised in the various forms of film evaporators 
and spray dryers is the surface effect of the large 
total surface of contact between the liquid 
droplets and the air. This process is particularly 
valuable in the case of such substances as milk. 


white of egg, phosphoric acid, sodium silicate, 
fhiit juices and (recently) oysters, etc., which 
undergo some irreversible change when evapor¬ 
ated to dryness by ordinary means. Too small 
particles, however, may become coated with a 
film of adsorbed gas, rendering difficult their 
collection or subsequent wetting or solution. 

(d) Collection and Removal of Dust.—^T he 
removal or collection of liquid or solid particles 
from an industrial gas may be necessary because 
the content is obnoxious, injurious to health, 
explosive, an impurity or a valuable by-product. 
The dust collected may be separated from the air 
stream by : 

(1) Abruptly decreasing the speed of the air 
current in large collecting chambers. 

(2) Contact with solid surfaces. 

(3) Abruptly changing direction through baffle 
plates, zig-zag flues or perforated plates, some¬ 
times kept damp by sprays. 

(4) Centrifugal force (cyclones). 

(5) Humidification, followed by expansion and 
cooling. 

(6) Water sprays. 

(7) Filters, which may consist of cloth or felt, 
sometimes with automatic shakers. 

(8) Absorption towers packed with sand, coke, 
metal or other packing rings, wetted with water 
or oil. 

(9) Thermal precipitation. 

(10) Electrical precipitation. 

Numerous varieties of each type of apparatus 
exist according to the methods adopted to 
improve the efficiency of operation, and dry and 
wet methods are often combined. Certain 
aspects of interest are discussed briefly below. 

(i) Settling .—The rates of settlement of 
spherical particles of unit density in still air are 
given in the following table : 


Diameter, 

Hate of settling, 

cm. 

cm. per sec. 

0-01 

30 

0-001 

0-3 

0-0001 

0-003 

0-00001 

0-00003 


It is clear that only particles larger than 10“® 
cm. diameter can be removed effectively by 
settling processes, oven if the gas can be main¬ 
tained in a still condition. The efficiency 
can be increased by using centrifugal force, 
either directly as in “ cyclones,” or indirectly 
as in the use of baffles, zig-zag flues or per¬ 
forated plates, as in the Calder-Fox scrubber, 
Pelouze tar extractor or Taylor filter. 

In the Calder-Fox scrubber, which is used for 
the treatment of sulphuric acid mist in the gases 
from concentrators, the mist-laden gas passes in 
succession at a velocity of 40-80 ft. per sec. 
through three perforated plates, the holes being 
successively smaller and in staggered formation. 
The tar extractor consists essentially of a 
perforated bell with three concentric cylindrical 
sides through the perforations in which coal 
gas or producer gas passes, the tar being deposited 
on the walls of the beU and coHeoted in the bottom 
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Beal. In the Taylor reverse-nozzle 
dry-dust collector (Figs. 2a and 
2b, reproduced by permission from 
J.S.C.I. 1926, 45, 183T) the 

dusty gas passes with an increas¬ 
ing velocity through a number of 
tapering passages and impinges on 
a perforated curved plate arranged 
in such a way that the direction 
of the gas is reversed, and particles 
are thrown through perforations in 
the plate into a chamber of still 
air, in which they settle. The 
coarser dust is eliminated in the 
early stages and the finer dust 
tends to flocculate and is removed 
in the later stages. 

An important secondary effect 
of centrifugal action is to promote 
contact between the particles, 
enabling them to form flocks and 
aggregates which settle readily. 
Centrifugal force is also involved 
in many types of gas filter, in 
which the dust-laden gas passes 
at a high velocity through the 
tortuous passages in textile fabrics 
or wire mattresses. In some cases 
attempts are made to wet the 
particles with water, either by 
cooling the gas below its natural 
dew-point, or by the use of finely 
atomised water sprays. Water 
sprays are of little use where it 
is difficult to wet the particles. 
In the case of zinc oxide fumes, 
for instance, the particles are 
surrounded by films of adsorbed 
gas which effectively prevent 
wetting, and can pass almost 
unchanged through wet coke 
scrubbers and the most thorough 
spray systems. The use of sludge 
settling tanks with non-solvents 
for the dust has been suggested, 
and froth-flotation has recently 
received attention. 

(ii) Filtration .—The types of 
filter are many and various. 
Possibly the most common is the 
bag filter (Fig. 3, reproduced by 
permission from J.S.C.I. 1926, 45, 
183T). This is essentially a series 
of vertical tubes of cotton or 
woollen cloth, connected at the 
bottom to a common pipe through 
which the fume is admitted ; the 
top ends are closed, and the 
fume passes upwards and out 
through the walls, the suspended 
particles being retained by the 
fibres. The fumes are drawn 
through the bags so that the 
pressure inside is below that of 
the atmosphere. When sufficient 
dust has accumulated, individual 
bags can be cut off by a damper 
from the exhaust fan, and the 
consequent ingress of air owing 
to the reduo^ pressure causes 



The Taylor Eeverse-Nozzle Dry-Dust Collector. 

Fig. 2a.—General View of Collector showing 
Arrangement of Bust SsPARATiNa Chamber. 



The Taylor Reverse-Nozzle Dry-Dust Collector. 

Fig. 2b.—^Biagrammatio Plan View of Dust 
Movement through Nozzles. 


Purified Air to Fan Reversed Current 
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partial coUapse of the bag, the dust falling 
into a hopper. The whole operation takes 
only a few seconds. Filter mats have been used 
for coarser suspensions; these consist of inter¬ 
laced metal wire or vegetable fibres felted 
together and sometimes coated with oil or water. 

(iii) Electrostatic Precipitation .—The principles 
of this method of precipitation will be considered 
in the article Precipitation, Elec'itric’al. 

(iv) Packing and Handling .—One of the 
major industrial problems in connection with 
dust arises during the packing and handling of 
dusty materials, i.e. preventing its escape into 


the air. This usually involves exhaust ventila¬ 
tion, and is dealt with later in a special section 
(p. 103). 

(e) Inflammability of Dusts. —As the result 
of experiments, Wheeler has divided dusts into 
three groups according to their ignition tempera¬ 
tures : 

Class /.—Dusts passing through a 2()0-mesh 
sieve which ignite and propagate flame readily, 
the source of heat recpiired for ignition being 
comparatively small, e.g. a lighted match, arc 
arranged in decreasing order of inflammability 
in the following composite table: 


Dust. 

Itclativc 
temperature 
of ignition,' 

^V: 

Lowest ignition 
temperature, 

"(!. 

Sugar. 

805 

540 

Dextrin (calcined farina) . 

940 

540 

Starch. 

1,035 

030. 040 

Cocoa . 

970 

020 

Rice meal and sugar refuse 

970 

030 

Cork . 

975, 990, 1,080 

()20, 030, 090 

Soya bean (unextracted) . 

975 

(i30 

Wood flour. 

985 

010 

Malt. 

990 

(>00 

Oat husk. 

990 ' 

020 

Grain (flour mill) .... 

995 

030 

Maize. 

1,010 

045 

Tea. 

1,01(> 

()40 

Compound cake. 

955 

020 

Grain (grain storage) . 

1,050 

(*30 

Rape 8(^ed. 

1,050 

()50 

Cornflour . 

1,000 

()20 

Flour (flour mill) 

1,000 

050 

Chicory. 

1,070 

000 

Briquette. 

1,090 

800; small flame 

Gramophone record 

1,100 

750; small flame 

Soya bean (extracted) . 

1,140 

030 


^ .See Wheeler, “ Kc])ort on the inflanunability and capacity for transmitting explosions 
of carbonaceous dust,” Cnid. 6(»62, H.M. Stationery Office, 1913 (out of print). 
Abstracted in Enginccriiig, 1013, 95, 600. 


Class II .—Dusts which are readily ignited, 
but w^hich for the propagation of flame require a 
source of heat: (i) of large size and high 

temperature, such as an electric arc, or (ii) of 


long duration, such as the flame of a Bunsen 
burner. Such dusts are ananged in th(^ table 
below in descimding ord(U’ of the low'ost ignition 
temperature: 


Dust. 

lielative 
temperature 
cf ignition, 

“C. 

Lowest ignition 
temperature, 

^V. 

Copal gum. 

1,010 

750 

Leather . 

1,050 

740 

“ Dead ” cork. 

1,100 

740 

Coconut oil milling .... 

No propagation 

640 

Rice milling. 

No propagation 

630 

Sawdust. 

970 

635 

Castor oil meal. 

1,100 

655 

Oilcake. 

945 

660 

Offal grinding (bran) . 

980 

640 

Grist milling. 

No propagation 

600 

Horn meal. 

No ignition 

670 

Mustard. 

1,060 

680 

Shoddy. 

No cloud 

610, 690 

Shellac composition 

No ignition 

780; small flam 
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Class HI ,—Dusts which do not appear to be 
capable of propagating flame unde^r any condi¬ 
tions likely to occur in a factory, (i) because they 
do not readily form a cloud in air, (ii) because they 
are usually contaminated with a large quantity 


of incombustible material or (iii) because the 
material of which they are composed does not 
burn rapidly or produces inert gas. Such dusts 
are arranged in the following table in the order 
of the lowest ignition temperature: 


Dust. 

llclative 
toiupeniturc 
of ignition, 

°C. 

Lowest ignition 
temperature, 

"C. 

Organic ammonia .... 



090; very small flame 

Tobacco . 



080, 700; very small 




flame 

Spice milling. 



680; very small flame 

Drug grinding. 



680, 69(); very small 



a 

flame 

Cotton seed. 



No cloud 

Cotton seed and soya bean 


a 

No cloud 

Bone meal. 



700 

Coal (foundry blacking) 



830; small flame 

Lampblack. 


^ 6 

No ignition 

Sack cleaning. 


o a 

No ignition 

Retort carbon. 



No ignition 

Rape seed (Russian) 


o ^ 

Few sj)arks only above 


i 

-2 

640 

Blacking. 


-•ti 

No ignition 

Grain cleaning. 



Not tested ; too coarse 

CLarcoal. 


i 

760; small flame 

Foundry blacking .... 


1 

810; small flame' 

Brush carbon. 



No ignition 

Shale coke. 



No ignition 

Plumbago. 



No ignitiori 

Bone char(!oal. 



No ignition 

Mineral and ivory black 

> 


No ignition 


Note.—T he three tables on p]). 100 and 101 are eomposites ol' a list and 
two se})arat(‘ tables, collected together to save space. 


The experimental method employed has been 
used in juodified form by the U.S. Bureau of 
Mines and by Trostel and Frevert (Uhem. & 
Met. Eng. 1924, 30, 141), and is said to give 
concordant results. Larger scale tests have 
been staged by the former authority in experi¬ 
mental horizontal and vertical galleries with 
materials such as alfalfa, flax, starch and 
sulphur dust, as well as coal-dust. The ignition 
temperatures found vary in each ease according 
to the source of ignition, being higher for a 
point source of ignition than for a larger source 
which heats a larger portion of the cloud. 

3. Dust Explosions in Factories, (a) Explo¬ 
sive Combustion. —The mechanics of combus¬ 
tion and explosion have been exhaustively 
investigated by Bone and his (! 0 -workers. It 
is suflicient here to recall briefly that the finely 
divided nature of a dust cloud renders it more 
easily ignited than when in bulk, and once 
ignited its dispersion in the air assists the 
propagation of the ignition through the cloud. 
The sudden expansion sets up a pressure wave 
travelling with the velocity of sound, and if the 
intensity of this pressure wave due to the 
rapidity of combustion is high enough, a 
detonation wave is set up travelling with about 
twice the velocity of sound. The shattering 
effect of an explosion, as distinct from the burst¬ 
ing action of the expanding gas, is due to the 
impact of such high-velocity detonation waves. 


{b) Explosion Presslrks. —A dust explosion 
is due to ail extremely rapid rise in pressure 
from the sudden oxidation, sometimes following 
dissociation, of a cloud of combustible material. 
The rise in pressure may be due to the large 
volumes of gases resulting from the reaction, 
e.g. starch dust, or to the heat liberated causing 
expansion of the air, e.g. aluminium and 
magnesium dust. 

The conditions necessary for the explosion of a 
cloud of dust are : 

(i) The concentration must, as in the case of a 

gas, fall between certain upper and 
lower limits. 

(ii) The air-dust mixture must come in contact 

with a source of heat of sufficient 
temperature and for a sufficient length 
of time to heat it up to the minimum 
ignition temperature. 

Figures between 0 03 oz. and 13 oz. per cu. ft. 
(.30 g. and 13 kg. per cu. m.) for the concentra¬ 
tions of dust capable of explosion have been 
quoted. The most violent explosion is naturally 
that duo to complete combustion, and is caused, 
for example, by 123 g. per cu. m. (0*123 oz. per 
cu. ft.) of coal dust and 220 g. per cu. m. (0*220 
oz. per cu. ft.) of starch. 

The nature of the source of ignition is of 
primaiy importance. Prolonged action of a 










102 BUST, INDUSTRIAL, AND DUST EXPLOSIONS. 


large source at a moderate temperature, e.g, a 
free flame, will cause ignition more readily than 
a spark which may have a far higher tempera¬ 
ture but is much smaller and acts only for a 
fraction of a second. The determining factor is 
the supply of sufficient heat to raise the particles 
to the ignition temperature. Heat may be 
communicated by conduction or radiation. 
Conduction from a hot surface or non-luminous 
flame is less effective than a luminous flame or 
red hot surface, owing to the effect of radiation 
in preheating the particles at some distance 


from the source of ignition. Wheeler has 
expressed the opinion that ignition by 
mechanical sparks is due not so much to the 
spark itself as to the heat from the friction 
producing the spark. 

The following composite table compares the 
minimum ignition temperature of certain dusts 
by instantaneous heating after Wheeler’s 
method, as above (Cmd. 6662, Engineering, 1913, 
95 , 606), with the lower explosive limit according 
to Trostel and Frovort (/.c.) by three other 
sources of ignition: 


Dust. 

Min. ignition 
temp., ®C. 

Lower explosive limit (mg. per litre air). 

Heated Pt 
wire. 

Arc. 

Induction spark. 

Starch . 

630 and 640 

7 

10-3 

J3'7 

Com elevator grain. 

630 

10*3 

10-3 

13-7 

Wheat elevator grain .... 

— 

10*3 

10-3 

No “ good pro¬ 
pagation ” 

Sulphur. 

— 

7-0 

13-7 

13-7 

Sugar . 

540 

10-3 

17-2 

34*4 

Aluminium. 

— 

7*0 

7-0 

13-7 1 

Coal. 

830 

17*2 

241 

No ignition 


High pressures may be set up by the explosion 
of certain materials. Some American large- 
scale experiments showed pressures of 300-400 
lb. per sq. in.; coal dust and flour showed 
270 lb. per sq. in., with starch dust much greater. 
Gibbs calculated that 1 g. of sugar burning in 
3*71 litres of air would produce a pressure of 
19*7 atmospheres under conditions of complete 
combustion. From the properties already 
mentioned, the pressure will be dependent on 
concentration, degree of dispersion and porosity 
as well as oxidisability, volatile content, oxygen 
concentration and factors such as inert gas 
content (humidity) and ash. 

The explosion is profoundly affected by the 
physical condition and chemical composition of 
the dust, and the composition of the atmosphere. 
The more finely divided a dust, the more closely 
will its behaviour approach that of a gas mixture, 
although Wheeler has stated that dusts finer 
than 250-mesh show decreased inflammability. 
The ready adsorption of oxygen by the micro- 
cellular surface probably accounts for the 
spontaneous ignition of finely divided carbon, 
lead, iron and iron sulphide. Subsequent 
combustion will also be assisted by the presence 
of adsorbed oxygen. Chemical composition and 
affinity for oxygen will also affect the tempera¬ 
ture of ignition. Sulphur ignites in air readily 
at 280°C., and a cloud of sulphur dust, con¬ 
taining 7 mg. per litre, allows ready propagation 
of flame from particle to particle, even though 
the heat of combustion of sulphur (2,120 g.-cal.) 
is relatively small. On the other hand, bitu¬ 
minous coal dust, of which the temperature of 
ignition is about 800®C., cannot propagate 
ignition unless there is at least 17*2 mg. of dust 
per litre. Aluminium powder has a high ignition 
temperature (926°C.) and, also, a high calorific 
value. Owing to its high heat of combustion, 
and the production of a flame temperature of 


over 3,000*^0., ignition can be propagated through 
a cloud of aluminium dust containing only 7 mg. 
per litre. 

Gibbs has calculated that 67% of the heat 
absorbed by wheat elevator dust is taken up 
by the moisture and the ash. It may be men¬ 
tioned briefly that this effect of incombustible 
material is the basis of the practice of stone 
dusting (inert dust) in connection with coal 
mines. 

(c) Formation and Ignition of Dust 
Clouds. —The causes of dust explosions in 
factories are: 

(i) Production of a dust cloud of concentra¬ 

tion lying within the explosive limits, 
either gradually or suddenly, and 

(ii) Contact with an effective source of 

ignition. 

Dust clouds may be formed: 

(i) By leakage from defective joints in 

elevators or the casings of grinding or 
mixing machines. The remedy is to 
make the construction as dust-tight as 
possible, 

(ii) By dislodgment of dust accumulated on 

beams, rafters, girders and ledges in 
the plant or deposited on ledges inside 
the machines themselves. The remedy 
in the case of the factory is scrupulous 
cleanliness, preferably by means of 
vacuum-cleaning, and in the case 
of plant in the design of the 
machine. 

(iii) Inside machinery, such as crushers, 

grinders, mills and mixers, by the 
normal operation of the machine. 

(iv) During the transfer of material by 

elevators, worms and conveyors or 
tipping into hoppers, silos and ships’ 
holds. 








DUST, INDUSTRIAL, AND DUST EXPLOSIONS. 


(v) In certain rotating drying plant in which 

material falls from one level to another. 

(vi) By a small preliminary explosion, fire or 

collapse of building or material raising 
accumulated dust into a cloud. 

Ignition may be due to: 

(i) Fire or flame. 

(ii) Mechanical sparks. 

(iii) Electric sparks. 

(iv) Static electricity. 

(v) Spontaneous ignition. 
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(d) Saubty Pbeoautions .—Safety precautions 
may be grouped under the headings of: 

(i) Preventing the escape of dust. 

(ii) Exhaust ventilation. 

(iii) Prevention of ignition. 

In very many cases, it has been found that the 
extensive damage caused by a dust explosion (see 
Fig. 4) has been due, not so much to the original 
explosion or ignition, as to a secondarj^ explosion 
caused by the ignition of a cloud of dust raised 
by the first explosion from places where it has 



[By courtesy of Home Office Industrial Museum^ 
Fig. 4.—^Damage Caused by Explosion op Dextrine Dust. 

been allowed to accumulate. It is therefore of Every precaution should be taken to prevent 
primary importance to prevent not only any the accumulation of dust in the plant by daily 
escape of dust but also any deposition of the same, suction cleaning or the provision of exhaust 
(i) Preventing the Escape of Dust ,—The best openings at floor level or other suitable points, 
remedy is so to construct or enclose the machines Vacuum-cleaning is the only satisfactory method 
as to render them practically dust-tight, and of recovering deposited dust, 
much can be done by attention to dust-tight (ii) Exhattst Ventilation ,—In some cases the 
joints, the avoidance of internal ledges or pockets production of dust can be reduced by carrying 
in the machinery where dust may collect and the out a process in the wet state. If the process 
maintenance of an air velocity (where suitable) does not allow of such measures, the alternative 
sufficient to prevent the deposition of dust, is efficient exhaust ventilation applied as close 
Dusty materi^s should not be allowed to fall as possible to the actual point of formation of 
an appreciable distance from a spout either on the dust. The air should be drawn through a 
to a floor or into a bin or silo. The use of filter by a fan situated beyond it, as explosions 
telescopic or canvas chutes will enable the have b^n caused by fans working in the dusty 
material to be carried to the point of delivery air. The desi^ of exhaust systems is a 
without forming a dust cloud. This precaution specialised subject, and it is not possible 
is particularly important in the open. here to do more than indicate the main features. 
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The operations of crushing, grinding, sieving, 
mixing, bagging, barrelling, as well as trans¬ 
porting and decanting, all involve different 
problems. Exhaust may be by upward or 
downward draught, and the velocity will depend 
on the nature of the dust, point of exhaust and 
type of machine. The air speeds necessary for 
conveying various materials are, approximately, 
from 1,200 ft. per min. for sawdust up to 3,000 
ft. per min. for wood refuse or grain and 4,000 
ft. per min. for fine coal-dust. Experiments 
with grain conveyors made by the U.S. Bureau 
of Mines (quoted in Factory Form 829, p. 6) 
showed that a linear draught of 1,000 ft. 
per min. is sufficient to carry away the dust 
while leaving the grain behind, and that in the 
duct itself a suitable linear draught is 5,000- 
6,000 ft. per min. These figures suggest that 
the exhaust hood should have an intake area of 
six times the area of the cross section of the 
duct, but a knowledge of the aerodynamics of 
suction openings still seems to he w^anting. 
Piping should allow a free flow and be free from 
abrupt bends. Th<^ diameter of the (‘ollecting 
duct should increase as the primary jupes join 
it so as to retain the velocity approximately the 
same in all the pipes. The following velocities of 
air current have been quoted : 


111. i)cr see. 

Light dust.0*5-1 

Heavy dusts.1-4 

Small particles . . . .30 

Textile dust.10-15 

Cement, coal and air dust . 15-18 

Sawdust.10 

Dry wood shavings . . . 15-18 

Damp wood.20-25 


(There is no point in increasing the rate above 
20 m. per sec.) 

These velocities are inside the pipes; the extrac¬ 
tive efl’cet falls off very rapidly even a short 
distance from an exhaust hood. An ingenious 
recent development is the use of directional 
lighting in an exhaust hood so that the worker 
can only see the work when it is held within the 
effective extraction zone. 

(iii) Prevention of Ignition .—Naked lights 
should on no account be allowed near places 
where inflammable dust is evolved. Gas or oil 
engines, gas producer plant or furnaces, or 
steam boilers may have dust carried towards 
them by a draught and should not be placed 
where there is direct communication with the 
dusty atmosphere. Overheating of the dust by 
a boiler, hot bearing or even a hot lamp bulb 
may cause spontaneous combustion without 
external ignition. Care should be taken during 
the inspection of storage bins. 

Mechanical sparks may be due to friction, 
tools or more usually to the accidental entry 
of stony or metallic particles into grinders or 
crushers. Magnetic separators should be used 
to extract iron or steel particles, but it should be 
remembered in this connection that stainless 
steel is not magnetic although it can cause 
sparks. Worm conveyors with bottom pockets 
or air separation can be used to remove flinty 
particles. Explosions have also been caused by 


sparks due to foreign bodies striking the blades 
of an exhaust fan. 

Breakage or bursting of electric lamps has 
caused ignition of dust clouds. The surface 
temperature of a gas-filled lamp is dangerous in 
certain cases. Only vacuum lamps should be 
used for lighting, encased in outer glasses with 
dust-tight joints. This applies also to portable 
hand-lamps. 

Arcs from short circuits due to breakage of 
flexible leads to portable t‘lectric lamps are a 
prolific cause of ignition. Leads should be 
tough-rubber sheathed and connected to flame¬ 
proof sockets with interlocking switches on the 
live side. Flexible leads should on no account 
be low'cred into storage bins, but a self-contained 
battery lamp should he used, i)referably certified 
as safe for use in mines. Fixed waring should be 
carried out in steel (;onduita or armoured cable 
wdth suitable terminal fittings, electrically 
continuous and properly earthed. Motors and 
control apparatus may give rise to short 
circuits and are preferably placerl outside the 
building, but if inside should be of the totally 
enclosed type ; most countries have appropriate 
standard specifications. Fuse boxes should be 
outside the dusty area, or else dust-tight and 
interlocked to be inacicessible whilst alive. 

Static charges arc a frequent cause of ignition. 
All metal work forming part of fuse boxes, or 
other appliances, as well as the plant itself, 
should be efficiently earthed. Special types of 
earthed collectors may be necessary in the case of 
long belts or conveyors, the charges being led off 
immediately the belt leaves a pulley. Humidify¬ 
ing the air where possible has l)een found to be an 
effective method of j)reventing the accumulation 
of static charges. Where na tal powders are 
being ground, the rotors should be earthed. 
Collecting bags can be earthed by lining them 
on the dusty side with an open netw ork of copper 
wire connected to earth. 

A general method that has been adopted with 
success in some cases, e.g. the grinding of sulphur 
or flour, is to fill the system with inert gas 
obtained by scrubbing the waste gases from the 
stack, a petrol engine or producer-fired boiler. 
Most dusts cease to be liable to explosion in an 
atmosphere containing less than 12% of oxygon. 
This method also helps to prevent the spread of 
an explosion through ducts, conveyors and 
housings. 

Spontaneous ignition may occur by over¬ 
heating the dust by bearings, or by friction 
due to choking of a mill or delivery pipe, or 
be caused by a rise in temperature due to rapid 
oxidation of the dust owing to the large and 
active adsorptive surface exposed. The spon¬ 
taneous ignition of finely divided carbon and 
iron sulphide has already been mentioned. 

(e) Limiting Possible Damage. —The damage 
from a dust explosion may be partly limited b^y 
precautions directed towards (i) i)roviding 
suitable vents for an explosion, (ii) preventing an 
explosion passing to other parts of the plant 
and (iii) fire precautions. 

The Factory Department of the Home Office 
(Factory Form 829, “Memorandum on Dust 
Explosions in Factories,” 1930; H.M. Stationery 
Office) recommends that relief panels should lie 
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provided in elevator casings and storage bins or 
silos, in positions where any issuing flame will 
not strike workers or ignite accumulated dust. 
Grinding mills and disintegrators should not be 
directly connected with an elevator, but a block 
of material should be interposed by means of a 
worm conveyor and choke, with baffle plate, 
or a rotary valve. Rotating explosion (lamy)er8 
have also been ustui. Experiments reported in 
1935 indicated that a rotary valve was more 
rcliab](% and that a baffle plate in a choke tube 
should bo as near to the outlet as ])Ossible. 
The mill or disiiitegrator should have a large 
relief \'ent leading to outside air, and fitted with 
a hinged flap cover, so th.at the force of an 
explosion may H])end itstdf outsiih^ the building. 
Dust collectors should be placed on the outer 
wall of a building and vented to the open air 
with relief panels. “ Stive ” rooms are 
dangerous; bag filters or cyclones jiroperly 
enclosed and vented should be used. All 
grinding plant is jireferably isolated in a special 
building, fire-proofed and vith adequate relief 
panels or windows on one side, and should not 
communicatt' direi tly with any room containing 
a furnace or other source of ignition. 

As regards the construction of vents, Wheeler 
has stated that lead foil 0-()05 in. thick is better 
than oiled paper, and that the openings should 
provide 1-25 sq. in. of area jier cu. ft. of the 
container. The r.»S. Dtqiartment of Agri¬ 
culture has found, by experiment, figures varying 
from 1 sq. ft. up to 3 sq. ft. per 100 cu. ft. of 
container. 

Special precautions are required in the case of 
certain materials, h’or millstones, a worm or 
revolving disc with two feeds is preferable to a 
hopper in order to minimise any risk of sparking 
through the stones louching due to shortage of 
material. Cork dust is liable to form “ fire 
balls,” compact masses red hot inside, and in 
some works it is conveyed by hand instead of 
by convayors from the grinding mills to the 
screens to giv(i opportunity of removing them. 
Metallic dusts, such as aluminium, magnesium 
and electron metal, have exploded due to 
mechanical s})arks caused by foreign bodies or 
static sparks from belts or pulleys. In addition 
to the usual precautions it should be remeinbereM 
that water must not be used for extinguishing 
fires involving metallic dusts, as it will only 
cause further explosions due to the evolution of 
h^^drogen ; dry sand or a mixture of asbestos and 
graphite is the best material. In the case of 
dyestuffs the danger of a dust explosion during 
grinding is often increased by the presence of 
undecomposed diazo- impurities, and it is there¬ 
fore advisable to separate the plant completely, 
to place controls outside the room, to 
interlock the doors with the motor and to 
feed automatically inside the room into the 
grinder. 

Fire precautions should include sprinklers and 
an adequate supply and suitable distribution of 
portable fire extinguishers. In dusty rooms at 
least two exits at opposite ends should be 
provided, with doors opening outwards, and with 
outside fire escapes. Escape ladders are specially 
important in the case of working platforms. 
Frequent practice in fire drills is very desirable. 


(/) Statistics. —The statistics of dust explo¬ 
sions are scattered and incomplete. Price 
and Brown (“Dust Explosions,” 1922, pp. 202- 
227) compiled a list of the explosions which 
occurred in America from this cause from 1860 
to 1922, and give the following figures : 


Dusts produced by : Explosions. 

Wheat flour (mills).36 

Grain (grain elevators) .... 36 

Miscellaneous cereals (mills) . . 30 

»Starch factories, dextrin factories, 
sweet making, confectionery, etc.. 18 

Rice milling. 2 

Malt (breweries and inaltings) . . 13 

Sugar (sugar factories and refineries) 14 

Wood (saw mills, wood-working) . 28 

Aluminium (aluminium powder 

works). 2 

Celluloid (comb factories) ... 1 

Cocoa (chocolate factory) ... 2 

Cork (cork and linoleum factory) . 5 

Cotton (weaving). 5 

Household refuse (manure factory). 5 

Dry milk (condensed milk factory). 1 

Paper (paper-making) .... 2 

Discs (gramojdione works) ... 2 

Rubber (reclamation works) . . 2 

Shoddy (textile industries) ... 2 

Soap (soap making). 1 

Shellac (varnish factory). ... 1 

Spices (mills). 1 

Sulphur (miscellaneous chemical 

industries). 6 

I'an (tanneries). 2 


No collected figures seem to be available for 
Europe. Beyersdorfer noted in 1925 that 
sixty-seven cxplosif)ns occurred in factories and 
refineries in Germany. More than eighty dust 
explosions had come to the notice of the Factory 
Department up to 1930 and were spread over a 
fairly wide range of industries. They usually 
arose from the ignition of clouds of carbonaceous 
dust, but certain metallic dusts are also liable 
to cause explosions. Nearly half arose from the 
dust of grain and seeds, flour and malt, but 
explosions have also been caused by dust from 
coal, briquettes and pitch, wood and cork, 
sulphur, dextrin and sugar, dyestuffs and 
chemical compounds, magnesium and 
aluminium, rubber and ebony, shoddy and 
rags. 

4. Physiological Effects of Dusts. —Experi¬ 
ments show that some 75% of the dust breathed 
is swallowed, the remaining 25% passing to the 
respiratory system. Of the dust inspired some 
40-60% is retained. The dangerous particles 
are those of 1-2 microns in size. The indus¬ 
trially important dusts may be briefly classified 
as follows (Drinker, l.c ,): 

(a) Dusts which are specifically toxic and 

comparatively rapid in effect, but which 
do not cause lung fibrosis. 

Examples are manganese, cinnabar, 
radium salts, lead salts, cadmium 
oxide. 

(b) Dusts which cause lung fibrosis (pneu- 

monoconiosis) after several years’ 
exposure. 
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The most common efifect is silicosis, Mesopotamia during 1914-18 was caused by 
caused by dusts containing a high per- the mechanical irritant action of the fine 
centage of free, acid-insoluble, crystal- particles. 

line silica and arises during the drilling, It may be worth mentioning that dermatitis 
crushing, cutting and polishing of such and ulceration of the skin produced by dust or 
minerals as quartz, flint and sandstone, liquids, and ulceration of the mucous membrane 
and in coal mining. The more modem of the nose or mouth, is subject to compensation 
industries involving Portland cement, under the Workmen’s Compensation Act, 1926, 
talc and asbestos products also produce while silicosis and asbestosis are dealt with 
similar effects. under the Workmen’s Compensation (Silicosis 

(c) Dusts which are non-toxic and do not and Asbestosis) Act, 1930. Section 47 of the 
cause fibrosis, but which are suspected Factories Act, 1937, for the first time requires 
of causing abnormally high death rates the protection of workers against the inhalation 
from bronchitis and pneumonia, e.g. of dust. 

carbon, gypsum, magnesia, basic slag. There is a vast literature on subjects such as 
A brief list of the more important industries silicosis; one of the most recent and most corn- 
subject to dust health hazards includes flour prehensive summaries is the series of Informa¬ 
milling, bakeries, textiles, bronze powder manu- tion Circulars Nos. G835, 6840, 6848, 6857 and 

6892 of the U.S. Bureau of Mines, 
which has an exhaustive bibliography 
and covers European countries as 
well as America. 

Fumes. —A definite type of febrile 
reaction is caused by the inhalation 
of certain metal fumes, which is not 
due to specific toxicity, but seems 
to occur only with very small par¬ 
ticles from 2 to 10 microns in size. 
This metal fume fever has been 
produced by oxides of zinc, coj)per, 
cadmium and magnesium; mercury; 
manganese dioxide; and probably 
funKj oxides made by the burning of 
aluminium, iron and chromium. The 
most common occurrence industrially 
is from zinc oxide fume during the 
skimming and j)ouring of molten 
brass, but cadmium, mercury, copper 
and manganese dioxides produce their 
own typical pathology if exposure is 
sufficiently prolonged and severe. 
A case of metal fume fever has been 
reported from the volatilisation of 
cadmium from the electrodes during 
electric welding. 

6. Dust Respirators.—In design¬ 
ing a dust respirator to prevent the 
entry of dust into the nose and mouth 
it is difficult to provide for efficient 
filtering of the fine particles and at 
the same time to permit free breathing. 
[By courtesy of Borne Office Industrial Museum. It will be clear that the finer the filter 

_ ^ -TTr ^ greater will be the arrestment of 

Fig. 6.—The Maek IV Dust Respibatob. the particles, but the greater also will 

be the resistance to breathing. Apart 
facture, building, cement, asbestos, cotton, coal from the filter there is also the question of the 
mining, quarrying, pottery, accumulators, basic comfort and efficient fitting of the mask on the 
slag, lime, and most drilling, grinding and face, the head harness, etc. The U.S. Bureau of 
crushing processes. Mines has laid down that a resistance of 4 in. 

The precautions necessary are: to prevent the of water is too high for any but a trained 
escape of dust as far as possible, to apply subject. In fact. Schedule 21 (1934), which 
exhaust ventilation at points of emission where lays down the conditions for approval of 
necessary or, as a last resort, where this is not mechanical filter respirators, requires maxi¬ 
possible, for the workers to wear a special dust mum inspiratory and expiratory resistances of 
respirator. As indicated above, specific toxic 60 mm. (1*97 in.) and 26 mm. (0*98 in.) of 
effects other than purely lung effects may be water respectively at a flow of 86 litres (3 cu. ft.) 
produced by certain dusts, c.g. cadmium, lead, per min. 

manganese and mercury poisoning, while some Many filtering materials have been tried in 
dusts may cause dermatitis. The sickness, due dust respirators, such as cotton wool, wool fibre, 
to the fine sand, among troops in Egypt and cellulose wadding or sheets, felt alone or im- 
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pregnated with carbon black, asbestos fibre, 
cuprene (polymerised acetylene) deposited on a 
mixture of feathers and horsehair, silk and other 
textile materials, together with various other 
modifications in the way of moistening, impreg¬ 
nation and “ smoking.” With one or two 
exceptions the commercial designs of dust masks 
are not very efficient or comfortable, and the 
Government undertook a special investigation 
into the matter through the Department of 
Scientific and Industrial Research in view of the 
need for a comfortable and efficient mask to 
reduce the dangers from silicosis and asbestosis. 
The problem is quite different from that of 
protection against gases and vapours. The 
desiderata of an efficient dust respirator are : 

(а) High filtering efficiency against all sizes of 

particles, but low resistance to breath¬ 
ing. 

(б) Air-tight fitting, so that all the air 

breathed passes through the filter. 

(c) The respirator must not interfere with the 

wearer’s vision to such an extent that 
his work is hindered or rendered 
dangerous. 

(d) Comfort when worn for long periods ; 

resistance to rough usage; easy cleaning 
and maintenance. 

(e) Long life of the filters to avoid constant 

replacement; ease of replacement. 

(/) “ Dead ” space as small as possible. 

(ff) Sj^ectaclcs or industrial protective goggles 
must still be worn. 

The evolution of the Mark IV dust respi¬ 
rator along these lines is described in J.S.C.I. 
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1938, 57 , 781. The filters are quilted from 
carded merino wool and asbestos. 

The Mark'IV dust respirator (Fig. 5) has a 
resistance of 0*75 in. water gauge and a filtering 
efficiency of not less than 96*5% by number 
and 99-1% by weight, at a How rate of 3 cu. 
ft. per min., against a dust cloud containing 
a high percentage of particles of the dangerous 
sizes. 

The U.S. Bureau of Mines tests are quite 
severe, and are based logically on the conditions 
likely to be encountered in practice. 10 
cu. m. of a selected test suspension is drawn 
through the com})lete respirator at a rate of 
32 litres {1-13 cu. ft.) per min. continuous 
fiow, corresponding to the total volume of air 
breathed by a worker in 8 hours (except 
in the case of the high silica dust and lead dust 
tests). A brief summary of the test suspensions 
used and the filtering efficiency required is given 
in the table shown below. 

Apart from the search for the filtering material 
with the highest efficiency and lowest resistance, 
improvements in the filter have mostly been 
directed towards providing the largest possible 
filtering area without making the mask unwieldy 
or heavy. The M ark 1V type of design, which has 
proved successful in America and in this country, 
employs two largo fiat filters, one on each side of 
the mask. The “ fitting line ” of a nose and 
mouth mask is su))ject to more variation than in 
the full mask covering the whole face, and pneu¬ 
matic and sponge rubber padshav^e been proposed 
to overcome this difficulty. In certain processes 
the conditions are too severe for a filter mask 
and it is necessary to have a complete hood with 


Type. 

For use against. 

Test suspension. 

Cone., mg./cu. m. 

Max. cone, 
allowed to 
pass, 

mg./cu. in. 

A 

Mechanical dusts, e,g. mining. 

Ground flint— 

(a) 50±10 

I-O 


quarrying, tunnelHng, and 
the grinding, crushing, pro¬ 
cessing of minerals. 

^99% free silica 
>99% 325 mesh 
(3 microns or less) 

W 5±2 

10 

B 

Fumes, e.g. oxides or carbon¬ 
ates of lead, mercury (not 

(a) Lead oxide from 
lead tetraethyl. 

15±5 (of lead) 

015 


mercury vapour), man¬ 
ganese, copper, chromium, 
iron, cadmium, zinc, mag¬ 
nesium, aluminium, anti¬ 
mony, arsenic. 

(6) Magnesium oxide 
from burning mag¬ 
nesium ribbon. 

100±25 

To show 
effect of 
clogging 
on resist¬ 
ance. 

C 

Mists, e.g. spray painting, 
chromium plating. 

(a) Chromic acid mist 
from electrolysis of 
aqueous solution. 

(b) Lead paint mist by 
spraying. 

(c) Mist from spraying 
2% aqueous suspen¬ 
sion of ground fiint. 

15±5 

(of chromic 
acid). 

300-600 (of 
lead). 

10±5 (of silica 
dust). 

01 

0-15 

0-5 

Mechani¬ 
cally 
genera¬ 
ted lead 
dusts. 

Lead dusts, e.g. accumula¬ 
tors, enamelling, pottery, 
rubber, paint, lead mining 
and processing. 

Negative accumulator 
plate mixture (72% 
PbO, 25% Pb304, 
3% lampblack). 

15i5(oflead). 

0-16 
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a fresh-air lino, which also gives a positive Abel,^ Marreco and Morrison,® Hall and Clark,® 
pressure inside the hood and thus prevents the and W. N. and d. B. Atkinson in France, 
entry of dust. A figure of (i cu. ft. per min. Vital “ and Mallard anti Le Chatclier ®; and in 
has been given as suitable for the air supply to Germany, Hilt (Prussian Mredamp Corn- 
such helmets. mission)^® and VVirikhaus and Heise.^i Of 

Devices such as dust respirators and positive these investigators Mallard and Lt; CUiatelicr 
pressure helmets should be considered as alone rejected the conclusion that coal-dust w^as 
emergency equipment, and used only if dustiness a serious danger, being of the opinion that the 
cannot be controlled by attention to the design amount of dust whi(;h could exist suspended 
of the plant, methods of working, dust collecting in th(5 air of a mine was insufiicient to produce 
equipment and exhaust ventilation ; there are, an inflammable mixture. 

of course, many processes where their use is the A review of the investigations is to be found in 
only solution to the problem of the protection of the Final Report of the Royal Commission on 
workers. Accidents in Mines, published in 18S().^“ After 

6 . Literature. — The literature on the subject consideration of the evklonee laid before them, 
of dusts is extensive, but scattered. Many the CommissiomTS reported that it had been 
scientific papers and articles, particularly on the established cuuu lusively that “ the occurrence 
industrial side, deal with only one aspect of a of a blowm-out shot in working places where very 
specialised field, and a summary is obviously highly inflammable coal-dust exists in great 
impossible within the scope of this article, abundance may, even in the total absence 
The following is a brief list of publications which of lirt'damp, possibly give rise to violent ex- 
provide further details on the points discussed jflosions, or at any rate be followiMl by the 
above, and which, in addition to indi(‘a-ting propagation of flame through very considerable 
the various directions in which work on dusts is areas.” The Commissioners further reported 
being carried out, contain useful bibliographies, that “ the most obvious expedient for depriving 
W. E. Gibbs, “ Clouds and Smokes : the dust of its dangerous character is to maintain it 
Properties of Disperse Systems in Gases, and in a siifliciently moist condition, in the immediate 
their Practical Applications,” J. and A, vicinity of the working faces, to prevent its 
Churchill, 1924; “ Dust Hazards in Industry,” becoming suspended in the air to any important 
Ernest Benn, 1925; 1). J. Price, H. H. Brown extent by the action of the rush of gas emanating 
et. a/., “ Dust Explosions,” National Fire from a blown-out shot. In the event of the 
Protection Association, Boston, 1922; P. occurrence of firedamp ex])losions, tlie augmenta- 
Beyersdorfer, “ ►Staub-Explosionen,” Th. tion of their extent and of their destructiveness 
Steinkopif, Leipzig, 1925; S. C. Blaektin, to life, by the raising and ignition of dust in 
” Dust,” Chapman and Hall, 19.‘14. parts of the mine more or less distant from the 

Useful summaries are given in : J.S.CM. 1926. seat ol the first explosion, may yjrobably be to a 
46 , 177T, 183T; Industrial Safety Survey considerable extent guanknl against by inain- 
(International Labour Office), 1927, 3, 1, 31; taining the floors of the wwkings and mine-w ays 
Memorandum on Dust Explosions in Factories aulli(;iently moist to efllu Uially lay such dust 
(Home Office Factory Form 829), 1930; accumulations as have not been removed.” 

“Occupation and Health” (International The report of the Royal Commission led to an 
Labour Office), 1930, 1, 003; Zentr. Gewerbe- enactment by Parliament in 1887 requiring, as a 
hygiene Beihefte, 1925, 1, Heft 2. precautionary measure, the aj)pli(‘ation of w ater 

A. J. H. to adjacent coal-dust before the firing of shots in 
dusty mines. 

COAL-DUST EXPLOSIONS. , f xperiment-s on the ignition of coal-d.mt 

by explosives were made by the Austrian 
For nearly a century the ability of a cloud of Commission on Explosions in Mines between 1888 
coal-dust to propagate flame per se and to and 1891 in a testing gallery at Mahrisch- 
develop explosive violence was a subject for Ostrau.^^ The Commission found that nearly 
controversy. In the reports of many colliery all kinds of coal-dusts w ere ignited by a cartridge 
disasters from 1803 onwards the fact that coal- of 100 g. of dynamit e freely suspended, 
dust had played some part w^as recognised. Many mining engineers and colliery officials 
but the presence of firedamp in the air was remained unconvinced of the danger of coal-dust, 
generally considered to be an essential factor, maintaining, as had Mallard and Le Chatclier in 
The first published suggestion to the contrary 1882, that the experiments with coal-dust had 
appeared in a report by Faraday and Lyell ^ not represented practical conditions existing in 
in 1845 on the Haswell colliery explosion of the the working of an ordinary mine. In con- 
previous year. They recorded the finding of thick sequence, a Royal Commission w as appointed in 
deposits of coked dust and expressed the view 1891 “ To enquire into the effect of coal-dust 
that the coal-dust swept from the floor, roof and in originating or extending explosions in mines, 
walls of the workings would have instantly taken whether by itself or in conjunction with fire- 
fire and bum if there had been oxygen enough damp; and also to enquire whether there are 
present in the air to support its combustion. any practical means of preventing or mitigating 
Experimental investigations of the inflamma- any dangers that may arise from the presence 
bility of coal-dust were begun in France about of coal-dust in mines.” The Commissioners 
the year 1867 by Verpilleux,* but it was not arrived at conclusions similar to their pre- 
until the years 1876-86 that theory became decessors. In their Second Report, published in 
established fact. Amongst the pioneers of 1894,^* they stated that “different coal-dusts are 
this decade were: in England, Galloway,® inflammable, and consequently dangerous, in 
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varying degrees; but it (mnnot be said with 
absolute certainty that any dust is entirely free 
from risk.” W. E. Garfortli, giving testimony 
before the Commission, stat ed his belief that dirt 
(shale) dust would prove to be a better means of 
preventing explosions than water; this opinion 
was based on observations made after the Altofts 
Colliery explosion of 1880, in whic h roads con¬ 
taining dirt (shale) dust wen' found not to have 
been affected by the explosion. He also sug¬ 
gested to the CV)mmission that they should 
conduct ex})eiiments on difl'erent kinds of coal- 
dust and dirt-dusts, but the suggestion was not 
acted upon. 

From 1894 to 19()() many valuable papers were 
written on the subjc'ct of coal-dust explosions, 
the authors including 1\ 1\ Bedson and W. C 
Hlackett.^® Blackett iirovided an answer to the 
theoretical criticism of Mallard and Le Chatclier 
by formulating the theory of the ” pioneering 
wave ” of pressure travcdling in advance of an 
explosion and capable of raising dust to form 
the dense cloud necessary for the continued 
j)ropagation of dame. 

The years 19()()--08 marked the beginning 
of a new era in tlu' annals of investigations of 
explosions of coal-dust. Systematic experi¬ 
ments on a. large scale were begun almost 
simultaneously iu Great Britain and in France; 
!ind on a lesser scale investigations were revived 
in Austria and later in Germany, Interest 
was aroused in tlu^ United {Stat(\s of America 
also at this period, and after a preliminary study 
of Euro];)ean exj)erimental methods, comprehen¬ 
sive investigations wore inaugurated in an 
experimental mine in 1911. 

British Experiments, 1908-14 and 1923-24.— 
In Great Britain a Royal Commission on 
Mines, appointed in 1900 to encpiire into 
questions relating to the health and safety of 
miners, referrecl the problem of coal-dust 
explosions to a committee of their own body. 
This committee reported, 30th April, 1907,^’ that 
experiments on a large scale were required and 
should be undertaken without delay. They 
recommended that the cxperjment.s be conducted 
in a wrought-iron gallery of such diameter and 
length that any ordinary variety of mine road 
could be built up inside it. The Mining Associa¬ 
tion of Great Britain agreed to erect such a 
gallery and appointed a committet* to conduct 
an investigation \jnder tliree heads: (i) The 

demonstration of the explosive nature of a 
mixture of coal-dust and air without the presence 
of inllammable gas; (ii) the discovery of a 
preventive against, or remedy for, such explo¬ 
sions ; and (iii) the investigation of the chemical 
and physical phenomena accompanying coal- 
dust explosions. 

The experimental gallery was erected at 
Altofts, Yorkshire, and experiments were begun 
under the supervision of W. E. Garforth in 
May, 1908. The gallery consisted of an 
“ intake ” and “ return ” arranged in the 
formation of an L, explosions of coal-dust being 
generated in the intake section only. This 
section was composed of boiler shells, ft. in 
diameter, joined end to end to a total length of 
600 ft., and it possessed a level concrete floor. 

In the experiments to demonstrate the 


explosive nature of coal-dust, sets of props and 
bars were wedged into position in the gallery 
at regular intervals to simulate the conditions 
of a mine roadway. The coal-dust was spread 
along the floor and on wooden shelves fixed to 
the sides. Two small steel mortars, each charged 
with gunpowder and stemmed with clay, were 
arranged about 100 ft. apart. The function of 
the discharge of one of these mortars, which 
pointed toward the side of the gallery, was to 
raise the dust into suspension in the air. Two 
seconds later the ilischarge of the second mortar, 
directed into the dust-cloud, provided the source 
of ignition. Explosions of considerable violence 
were developed under these conditions, resulting, 
in certain of the experiments, in the rupture of 
the steel gallery. 

After the series r)f preliminary demonstrations 
the study of suppressive measures was begun. 
The effect of interposing dustless zones between 
coal-dust zones was tried, but the experiments 
were discontinued when it w^as observed that the 
inflammation of a coal-dust zone 275 ft. in length 
bridged a gap of 100 ft. of dustless zone and 
ignited coal-dust beyond. When zones con¬ 
taining heavy concentrations of finely ground 
shale, supported on shelves near the roof and on 
the sides, were substituted for the dustless zones, 
the results proved more satisfactory. The 
inflammation of a coal-dust zone 275 ft. in 
length was suppressed within 50 ft. of its entry 
into the stone-dust zone. 

Experiments were also made with the coal-dust 
and stone-dust in intimate mixture, the degree 
of fineness of both dusts being such that 82% 
would pass a 2()0-mesh sieve. Under the con¬ 
ditions of test, the presence of 40% of stone-dust 
was found to be insufficient to prevent the 
propagation of flame when the mixture was 
distributed in sufficient quantity to form a cloud 
of density, if completely dispersed, of 1 oz. per 
cu. ft. of air. At the same total concentration 
of dust, the presence of 50% of stone-dust in 
the mixture completely suppressed the propaga¬ 
tion of flame. In experiments in which the 
amount of dust-mixture distributed in the 
gallery was rediitred, it was found that a smaller 
proportion of stone-dust sufficed to suppress 
inflammation. These experiments indicated 
that the optimum concentration of coal-dust for 
propagation of flame in the gallery w^as not less 
than 0-5 oz. per cu. ft. of air, whereas the 
theoretical quantity of the coal-dust used 
(Altofts (Silkstone) required for complete com¬ 
bustion of the oxj'gen in 1 cu. ft. of air was 
calculated to be about 0-12 oz. The explanation 
advanced was that “ the presence of excess of 
coal-dust would favour the propagation of 
flame; for the reaction takes place between 
molecules of oxygen on the one hand and the 
particles (aggregates of molecules) of coal-dust 
on the other ; so that anything which tends to 
increase the number of collisions between the 
oxygen molecules and the combustible dust 
will also increase the rapidity of combustion.” 
Continuing, in explanation of the rdle played 
by stone-dust in suppressing inflammation, the 
view was expressed that: ” The admixture of an 
inert dust with the coal-dust acts in the same 
way as the admixture of an inert gas with 
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an explosive gas mixture. The inert dust, like 
the inert gas, takes up heat from the con¬ 
tiguous molecules, and, not being combustible 
itself, reduces the average temperature. If 
the temperature is sufficiently reduced the flame 
cannot be propagated.” 

Investigations of the chemical and physical 
phenomena accompanying the coal-dust experi¬ 
ments at Altofts were in the charge of R. V. 
Wheeler. Instruments were designed to record 
the speed of flame through the gallery, to 
measure the rate of production and the magni¬ 
tude of pressure, and to operate, either by the 
action of temperature or pressure, automatic 
gas-samplers designed to snatch samples during 
the process of combustion. An account of his 
preliminary investigations is included in the 
“Record”’® of the experiments, but a more 
complete account was published in 1913 in the 
Fourth Report of the Explosions in Mines 
Committee of the Home Office.^® In this report, 
an analysis, based on the records of distribution 
of pressure, was made of the mode of propagation 
of a coal-dust explosion when travelling through 
the gallery from a closed to an open end. A 
distinction was dra^m between the propagation 
of flame in the earlier stage of an explosion by 
the process of “ inflammation,” during which 
distillation of gas takes place as a preliminary 
to burning, and the later stage of “ explosive 
combustion,” during which each dust particle 
that aids in propagating the flame is burnt 
as a whole. By deduction from the pressure- 
records, the transition from one stage to the 
other (characterised by a sudden rise of pressure) 
took place within a few feet distance of travel of 
flame. Analytical evidence was cited in support 
of the theory of the two distinct processes of | 
combustion. “ Samples withdrawn during the 
preliminary period of comparatively slow in¬ 
flammation do indeed show that, in this stage, 
there is a preliminary distillation of gas from the 
dust. . . . No evidence has been obtained of 
such a preferential burning of the volatile con¬ 
stituents in those experiments where explosive 
combustion has been attained. On the con¬ 
trary, the gases withdrawn (just after the flame 
has passed) have always shown a ratio : 

oxygen present as oxides of carbon 
oxygen present as steam 

in agreement with the ratio required for com¬ 
bustion of the dust particles as a whole, as 
determined from the chemical composition of the 
dust.” 

An analysis was also made of the effect 
of constrictions within the gaUery on the 
development of explosions. The constrictions 
were obtained by bolting on to the inside of the 
gallery angle-iron rings having 6-in. flanges. 
These reduced the diameter of the gallery at the 
points where they were fixed from 7J to GJ ft., 
the amount of surface exposed at right-angles to 
the direction of movement of the explosion 
being 11 sq. ft. In comparative experiments, 
in which one, two and three such constrictions 
were placed in the gallery, the distance of 
travel of flame before the abrupt increase of 
pressure occurred, regarded as indicative of the 
transition to explosive combustion, was found to 


decrease progressively with increase in the 
number oi constrictions. A comparison of two 
experiments, one with no constrictions in the 
gallery and the other with three constrictions 
introduced at points 300, 350 and 400 ft. from 
ignition, showed that the introduction of the 
constrictions increased the maximum pressure 
of the explosion, recorded at a point 450 ft. 
from ignition, from 16 to 152 lb. per sq. in. 
The theory of the influence of constrictions in 
augmenting the intensity of explosions of coal- 
dust was not discussed, but it was pointed out 
that “ the eflect of such constrictions in the 
gallery and, presumably, of obstructions in the 
roadway of a mine is not necessarily to increase 
the ultimate violence of which a coal-dust 
explosion is capable, but to enable it to attain 
violent proportions at a much earlier period 
than in a smooth gallery.” 

Other experiments were made in which a 
cloud of coal-dust preformed in the gallery 
was ignited by a coal-gas flame about 12 ft. 
in length and 1 ft. in diameter, simulating an 
ignited ” blower ” of firedamp. The coal-dust, 
originally disposed on shelves near the crown 
of the gallery over a distance of 160 ft., was 
mechanically dislodged and thrown into the air 
to form a cloud at the same instant that the 
gas-flame was produced. Beyond this 150 ft. of 
previously formed cloud, coal-dust was deposited 
on the floor of the gallery over a length of 350 ft. 
In two such exijeriments flame travelled through 
the gallery with increasing velocity, thus 
establishing the fact that “ for a propagating 
inflammation to take place in a mine, the con¬ 
cussion of a blown-out or over-charged shot, 
or of a firedamp explosion, is not essential.” 

In 1911, the continuation of the study of coal- 
dust explosions was undertaken by the Govern¬ 
ment and placed under the control of the 
Explosions in Mines Committee appointed by 
the Home Office, with R. V. Wheeler in charge of 
the experimental work. The explosion-gallery 
and equipment wore transferred from Altofts 
to the newly established experimental station at 
Eskmeals, Cumberland. That portion of the 
gallery, 7J ft. in diameter, used for the develop¬ 
ment of explosions was extended to a length of 
800 ft., and at a point midway along its length 
connection could be established, by a conical 
adapter, with a second wrought-iron gallery 
3 ft. in diameter and 400 ft. in length arranged 
parallel to the larger gallery. 

The committee of the Mining Association, as a 
result of their experiments at Altofts, had 
arrived at the conclusion that the best way of 
applying the stone-dust remedy was to distribute 
the stone-dust throughout all the roadways of a 
mine rather than to concentrate it in barrier 
zones. The Explosions in Mines Committee 
accepted this view and planned their experi¬ 
ments to subject the stone-dust remedy, as so 
applied, to rigorous test (see Fifth Report of the 
Explosions in Mines Committee, 1913).^® 

The possibility that coal-dust, deposited on 
top of stone-dust, might be preferentially 
dispersed into the air and so continuously pro¬ 
pagate a feeble inflammation was considered. 
In the larger experimental galleiy arrangements 
were made for the production of feeble inlamma- 
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tions by the method of a preformed cloud of 
coal-dust and gas-jet igniter already described. 
Beyond this initiating zone, stone-dust was 
distributed at the rate of 5 lb. per linear foot on 
shelves fixed to the side of the gallery over a 
length of 200 ft. On top of the stone-dust, 
coal-dust was strewn, sometimes at the rate of 
1 lb. per linear foot and sometimes at the rate 
of 2 lb. Under these conditions, fiame frequently 
traversed the layered zone, licking up the coal- 
dust, in some instances without disturbance, 
and in others with partial disturbance, of the 
underlying stone-dust. 

Attention was then turned to the question of 
the efficacy of stone-dust, in admixture with 
coal-dust, when subjected to a more powerful 
source of ignition than had hitherto been tried. 
For this purpose, strong inflammations were 
produced in coal-dust zones 200 and 250 ft. in 
length in the larger galler}^ and these were 
projected into dust-mixtures distributed in the 
remainder of the larger gallery and throughout 
the smaller gallery. The means of igniting the 
coal-dust in the initiatory zone was a blown-out 
shot of gunpowder. A 1 : 1 mixture of coal-dust 
and stone-dust was found to be capable of pro¬ 
pagating flame per se in both galleries under 
these conditions, and a 1: 2 mixture prolonged 
the original inflammation of coal-dust over 
considerable distances. 

The experiments at Altofts, which had shown 
that the presence of 50% of stone-dust in ad¬ 
mixture with Silkstone coal-dust was sufficient to 
suppress inflammation, when the means of 
ignition was a blown-out shot of 24 oz. of 
blasting-power, were confirmed by experiments 
made in the 3-ft. diameter gallery. These 
conditions of ignition were considered by the 
committee to be at least as incendive as any 
that might ordinarily occur in a mine ; and, 
after pointing out that the security provided 
was relative and not absolute, they recom¬ 
mended the maintenance of stone-dust on mine 
roadways in amount such that any dust deposit 
capable of being raised in suspension in the air 
should yield on incineration at least 60% of 
ash. 

Subsequently, an investigation was made of 
the efficacy of water in suppressing inflammation 
of coal-dust (see Sixth Report of the Explosions 
in Mines Committee, 1914).^^^ The larger gallery 
was used for the investigation, and the experi¬ 
mental conditions were comparable with those 
under which a 1: 1 mixture of Silkstone coal- 
dust and stone-dust had proved to bo just 
incapable of propagating flame per ae. When 
water was intimately mixed with Silkstone coal- 
dust so that it formed 30% of the total mixture, 
the mixture was incapable of being i*aised as a 
cloud under the conditions of test and, for that 
reason, the propagation of flame was prevented. 
With lesser proportions of water, the mixtures 
were capable of suspension in the air, and 
they propagated flame. Mixtures of coal-dust, 
stone-dust and water were also tested and, 
although the results of the experiments were 
somewhat inconclusive, the committee formed 
the opinion that “ when mixed dusts contain an 
appreciable quantity, say 16% or more by 
weight, of moisture, that moisture is at least 


Ill 

as beneficial as an equal weight of incombustible 
dust.” 

In the latter part of 1914, large-scale experi¬ 
ments were discontinued and the Explosions in 
IMines Committee was dissolved. Experiments 
were resumed in 1923 under the control of the 
Safety in Mines Research Board, with R. V. 
Wheeler as director of research. 

Measurements were made in the larger gallery 
of the relative explosibilities of different coal- 
dusts by recording the pressures developed under 
standard gallery conditions.^^ With one excep¬ 
tion, the volatile matter contents of the coals 
tested ranged between 27 and 40%. Dusts 
from these coals gave rise to explosion-pressures 
ranging between 21 and 50 lb. per sq. in. No 
relationship was observed between the pressures 
develoj)od and any known characteristic of the 
coal-dusts. The exceptional coal-dust contained 
only 14% of volatile matter, and it gave rise to a 
maximum explosion-pressure of less than 1 lb. 
per sq. in. 

An investigation of the effect of the partial 
release of pressure on the development of a coal- 
dust explosion wns also conducted in the larger 
gallery.Measurements w^ere made of the 
speed of propagation of flame and the magnitude 
of pressure developed. The general conclusions 
reached were that, other conditions remaining 
constant : (1) The prevention of the release of 
pressure behind the point of ignition is more 
favourable to the inception of a coal-dust 
explosion than is partial or complete release; 
and (2) the influence of openings along the path 
of an explosion is mainly one of release of 
pressure ; so that when the openings are ahead 
of the flame its velocity is increased, and 
when they are beliind the flame its velocity is 
decreased. 

In the smaller gallery, experiments were 
made to determine the proportions of stone-dust 
required to suppress inflammation under 
standard conditions of ignition. From these 
experiments it was concluded that “ with coal- 
dusts of an equal degree of fineness, the in¬ 
flammability increases with volatile matter 
content.” This conclusion was in agreement 
with the conclusions of French and American 
investigators. 

At the end of 1924 the experimental station 
at Eskmeals was abandoned, and a new ” Safety 
in Mines Research Station ” was set up near 
Buxton, Derbyshire. 

French Experiments, 1907-14.—France, in 
1906, suffered the disaster at Courri^res in 
which 1,100 men lost their lives. The coal-dust 
question then became prominent, with the result 
that in the following year an experimental 
station, under the direction of J. Taffanel, was 
established at Li6vin by the Comit6 Central des 
HouilRres de France. Taffanel conducted a 
preliminary investigation, in a small-scale 
gallery, of the relative inflammability of coal- 
dusts until, in 1908, a large-scale gallery was 
erected. This gallery, when completed, was 
300 m. in length and 2*8 sq. m. in cross section. 

The first three series of experiments reported 
by Taffanel were devoted mainly to a study 
of the conditions under which coal-dust clouds 
could be ignited and could propagate flame and 
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of the influence of water and stone-dust in 
preventing ignition and suppressing inflamma¬ 
tion. 

In the small explosion-gallery, determinations 
were made of the relative inflammabilities of 
coals from different scams as measured by the 
minimum density of preformed dust-eloud 
required for the propagation of flame. The 
source of ignition used was an unstemmcd 
charge of 35 g. of dynamite. The coal-dust 
was in each instance sieved through 2(X)-mesh. 
Differences were found between the eight types 
of coal-dusts tested, and it was observed that 
inflammability increased with increasing volatile 
matter content. The most inflammable dust 
propagated flame in one experiment with a 
density of dust-cloud of 0-023 oz. per cu. ft. of 
air. 

Samples of the products of combustion were 
withdrawn from the gallery during the passage 
of flame, and from the analyses of these samples 
the distribution of the oxygen between the 
carbon and hydrogen of the coal-dust was 
ascertained. Calculations of flame temperature 
based upon this information yielded values 
ranging between 1,000 and 1,700”C. The 
analyses were interpreted to show' that while 
some particles of coal-dust w^ere entirely con¬ 
sumed others participated only to the extent of 
their volatile constituents. The formation of 
carbon monoxide was attributed mainly to the 
reduction of carbon dioxide subsequent to the 
passage of flame. In this respect Taffanel’s 
view of the process of combustion was at 
variance with the view^ expressed in the Record 
of First Series of the Rritish Coal Dust Experi¬ 
ments,^® p. 131, that “ carbon burns directly to 
carbon monoxide and that carbon dioxide is only 
formed by the secondary combustion of the 
monoxide.” 

The comparison of the inflammabilities of 
different coal-dusts was continued in the large 
explosion-gallery. A dust containing 12% 
of volatile matter did not inflame under the 
experimental conditions. Dusts containing 15- 
18% of volatile matter inflamed, but did not 
develop explosive violence. A dust containing 
30% of volatile matter readily gave rise to 
explosions of considerable violence, pressures up 
to 270 lb. per sq. in. being recorded near the 
open end of the gallery. 

Experiments made with dustless zones, stone- 
dust barrier zones, watered coal-dust and 
mixtures of coal-dust and stone-dust gave 
results similar to those obtained at Altofts and 
Eskmeals. In addition, the effect of water 
barrier zones was tried, the water being con¬ 
tained in 8-gaUon tanks supported on platforms 
so constructed as to be easily overturned. 
With ten such tanks, any explosion developed 
along a distance of 500 ft. was immediately 
extinguished by the precipitation of the water 
on to the flame. The success achieved in experi¬ 
ments with stone-dust barriers and water 
barriers led to their general adoption in French 
mines. 

In considering the rdle of stone-dust as a 
suppressor of flame-propagation, Taffanel cal¬ 
culated that the fall in temperature due to j 
absorption of heat by the particles of stone-dust' 


was so small as to make it an insufficient 
explanation of the phenomenon. Re concluded 
that, in addition to absorbing heat, the particles 
of stone-dust acted as screens opposing the 
transfer of lieat from burning to unburnt 
particles of coal-dust. 

In later work Taffanel propounded a theory 
of the propagation of pressure-w aves, based upon 
the earlier work of Hugoniot. A gas cannot be 
compre.ssed or expanded without initiating 
w'aves. An explosion traversing a gallery from a 
closed to an open end gives rise to waves of 
pressure travelling through the gaseous medium 
at the speed of sound, modified by the tempera¬ 
ture and the direction and rate of movement of 
the medium. If the gaseous medium in the 
path of the flame is initially at rest , tlie passage 
of a wave of compression, a ” condensed wave,” 
raises its pressure, givirig rise to movement 
in the direction of propagation of the flame. 
An acceleration of combustion would produce 
further condensed weaves which, since they 
trav'crse a medium at increasing speed and 
temperature, overtake the preceding wave and 
merge into it. A deceleration of combustion 
w'ould give rise to dilated waves, the first of 
which would overtake the preceding condensed 
wave; but, since each dilated wave reduces the 
pressure of the medium it trav erses, successive 
waves of dilation cannot overtake their pre¬ 
decessors until those predecessors have merged 
into and become modified by the preceding 
condensed w ave. 

The progressive merging of condensed waves 
into a single wa\'e-front leads to the concej)tion 
of a discontinuous wave or “ shock-wave.” 
The speed of a shock-wave lii-s hetw^een the 
least and greatest values of the; speeds of the 
elementary waves of wliich it is composed, 
therefore it is continuously ovei-taken by con¬ 
densed or dilated waves travelling from the 
zone of combustion, and such waves increase 
or decrease its intensity. The idecd shoi'k-w'ave 
is one in whidi the zone constituting the wave 
is infinitely thin and where the variations in 
pressure, specific volume and speed of the 
gaseous medium occur in an infinitely short 
period of time. Inflammations of dust-clouds 
do not, initially at least, occasion such abrupt 
compressions; they arc formed only by violent 
explosions near the mouth of the gallery. 

A continuous wave is characterised by the 
variation in force that it communicates to the 
gaseous medium, and this variation of force, or 
impulse, is always the same irrespective of the 
state of pressure of the medium. The impulse is 
positive for direct condensed waves or inverse 
dilated waves; it is negative for inverse con¬ 
densed waves or direct dilated waves. The 
difference between the initial and the final 
speeds of any layer of air is therefore equal to 
the algebraic sum of aU the impulses from the 
direct or inverse w aves that liave crossed that 
layer. It follows that the air-velocity is not 
determined when the pressure is known, nor is 
the pressure determined when the air-velocity 
is known, since an increase in velocity can 
result from an increase in pressure caused by a 
direct condensed wave or from a decrease in 
pressure caused by an inverse dilated wave. 
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When a condensed wave reaches the closed 
end of the gallery it is reflected with equal 
impulse but opposite sign, and the pressure is a 
little more than doubled. Similarly, a dilated 
wave gives a dilated wave of opposite? sign by 
reflection, and the pressure is a little more than 
halved. Either reilected wave loaves behind a 
quiescent medium. 

When a c ondensed wave reaches the open end 
of the gallery its pressure falls to atmosph(?ric 
and this variation in pressure gives rise to a 
new reflected wave in the gallery. This inverse 
wave is defined by a variation in pressure equal 
and opposite to tliat defining the direct wave, and 
in eonsequenee the velocity of air due to the 
direct wave is dcm bled by the inverse wave. 
Conversely, the pressure of a dilated w^ave rises 
to atmospheric at the open end and the change 
gives rise to an inverse condensed wave which 
halves the air-velocity due to the direct dilated 
wave. 

From these princi})les Taft'anel evaluate<l the 
influence of variations in tlie cross-sectional area 
of the galh'ry and the })resen(H? of local obstruc¬ 
tions. He extemh'd the fheory to show the 
relation between the spiked of combustion and 
the speeds of the air and burnt gases, both 
for asymmetric and symmetri(* j)ropagation. 
Finally, he af)plied the theory in an analysis of 
the pressure-records of six dust explosions in the 
Lieviii gallery. 

In the Cinquitune Serie d'Fssais, 1911, small- 
scale investigations of the inflammability of 
coal-dusts were described by Tatfanel and Durr.2<» 
In one investigation an aj)paratus w'as devised 
to measure tin? sjieed of proi)agation of flame. 
It consisted essentially of a (lust-hopper, a fan 
and a conical tube. The controlled dust-cloud 
w^as blown through the conical tube, passing 
from the narrow to the wide end, wdierc it w^as 
ignited by various means. Flame travelled 
toward the narrow end of the tube until the 
rate of propagation balanced the speed of the 
air-current, when the flame became stationary 
in a moving medium of known velocity. With 
Lievin coal-dust (cojitaining 30% of volatile 
matter) pulverised so that 93% w'ould pass 
through 240-mesh, the speed of flame was found 
to be less than 7 m. per sec. when the density 
of the dust-cloud w as less than 400 g. per cu. m. 
With dust concentrations between 000 and 
1,200 g. per cu. m. the speed of flame varied 
between 10 and 10 m. per sec. ; and at higher 
dust concentrations the speed decreased. 

In another apparatus the inflammability of 
dusts was assessed by their behaviour when 
blown by a blast of air through an electrically 
heated furnace. The influence of the fineness 
of a coal-dust w^as observed qualitatively by 
the volume of flame to which the dust gave 
rise, which was recorded photographically. 
The influence of inert dusts was observed 
quantitatively by the amount required in 
admixture with the coal-dust to prevent ignition. 

The account of the Sixi^me Serie d’Essais w’^as 
not published until 1921, but results of part of 
the work were reported in Brochures 1121 and 
1124.*’ Experiments were made in the large 
gallery at Li6vin on the influence of the con¬ 
centration of dust. It was observed that the 
VoL. IV.~-8 


minimum concentration for the propagation of 
flame was less the higher the volatile matter 
content of the coal. The proportion of stone- 
dust required to prevent inflammation was 
found to increase rapidly up to a concentration 
of aj^proximatcly 450 g. per cu. m., but above 
this concentration the increase was not appreci¬ 
able. The concentration of 450 g. per cu. m. 
was therefore adopted as standard for subsequent 
experiments. 

The proportions of Btone-dust lecjuired to 
suppress the inflammation of clift’erent coal-dusts 
were determiiu^d when ignition was brought 
about by two different methods. In each 
instanct? the direction of propagation was from 
the closed to the (^pen end of the gallery. The 
first source of ignition w as an unstemmed shot 
of 240 g. of dynamite fired directly into the 
dust-mixture. A similar charge of dynamite 
was used in the second source of ignition, but a 
zone of 10 m. of standard Lievin coal-dust was 
interposed btTween the cannon and the dust- 
mixture under test. These conditions of ignition 
gave rise to twni distinct limits for the pro])aga- 
tion of flame. Limit 1, obtained with the first 
source of ignition, w^as oonsidered to represent a 
satisfactory degree of safety for application in 
non-gassy mines, kimit 2, resulting fioin a 
sour(;c of ignition w hich was intended to simulate 
a severe firedamp explosion, was for application 
in gassy mines. 

In other experiments the eff'eef on Limit 1 
of the presence of small percentages of fire¬ 
damp in the air was determined. Two coal- 
dusts w'('re tested, one containing 30% and the 
other 15% of volatile matter. In each instance 
it w'as found that, as the firedamp content of 
the air increased, progressive increases in the 
proportion of stone-dust were necessary to 
suppress inflammation. For exam})le, with the 
coal of low^er volatile matter content the presence 
of 50% of incombustible matter (ash and 
moisture) in the dust-mixture was sufficient to 
suppress inflammation in the absence of fire¬ 
damp ; but in the presence of 3% of firedamp 
the incombustible matter in the dust-mixture 
had to be raised to 75%. 

The stone-dust “ limits ” of the few coal- 
dusts tested it) the gallery were found to be 
reproducible in laboratory apparatus. The 
electrically heated dust-tube could be adjusted 
to give results agreeing with Limit 1; and a 
second apparatus was designed to reproduce 
Limit 2. In this apparatus a standard weight of 
the dust-mixture under test was blown out of a 
glass tube, by a blast of oxygen, over a Bunsen 
flame. Before each tost the oxygen was confined 
at a standard pressure in a flask connected to the 
dust-tube by rubber tubing and a glass tap. 
When the tap was opened, by hand, the appar¬ 
atus functioned. The inflammability of the 
dust was assessed by the volume of flame pro¬ 
duced ; and Limit 2 was reproduced when there 
was just suffieient stone-dust in the dust- 
mixture to prevent ignition. 

Taffanel evolved a formula for determining 
the approximate degree of inflammability of a 
dust-deposit on a mine roadway from a know¬ 
ledge of the following data ; The weight of the 
dust-deposit per cubic metre of gallery ; the 
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degree of fineness, and the moisture and ash ventilation. These shafts were provided with 
content of the mixture ; the volatile matter of iron doors at their junctions with the gallery, 
the coal; and the firedamp content of the air. two of the doors opening outwards and one 
Prom these factors a value S could be calculated inwards. In addition to the shafts several 
representing the degree of safety of the deposit, vertical boreholes were made for the introduction 
For Limit 1, the minimum value of S was 47 ; of coal-dust from the surface, 
for Limit 2 it was 62. An error in the derivation Experiments made previously in a short 
(Ann. Mines, 1921, [xi], 11, 497) of the fineness surface gallery at Poln-Ostrau had demonstrated 
factor was corrected later, the corrected formula that Rossitzer coal-dust could readily be raised 
being as follows: and ignited by the explosion of a dynamite 

O-OGC^—a k 1*12— a ah cartridge. This result could not be reproduced 

100 ■ —2-1-276 -h-T=S with the same coal-dust in the underground 

U*Uo—^ V d- 18—a / gallery even with a greatly increased weight of 

(ibid, 1926, [xii], 9 , 306),** in which: dynamite, due presumably to unsuitability of 

C represents the proportion to unity of incom- the gallery conditions lor the production of a 
bustible matter in the dust passing a l-inm. ^"^t-cloud by pressure waves. When dust 
mesh sieve • diiiusers (consisting oi revolving wooden vanes 

r /V , . , situated below the boreholes) were installed at 

p=the proportion to unity of firedamp m the intervals, ignition by dynamite could be 

atmosphere ; • obtained and violent explosions were developed, 

e-the proportion to unity of volatdp matter m effect of increasing the percentage of 

the ash-iree, dry coal; ■ , j . water in the coal-dusts by small increments 

a=the ratio fraction of dusts tried, and was found to result in pro- 

passmg a 200-mesh sieve to the fraction gj-essive decrease in violence of the explosions 
passmg a 1-mm. mesh sieve; until, at a moisture content of 7‘6%, the coal- 

A=the weight, in kilogrammes, of water present propagated flame. 

percu. m. of gallery; There can be little doubt that this result was 

/-the weight, in kilogrammes of through 200- reduction in dispersability of the dusts 

gallery; mider the peculiar conditions of tost. Experi- 

a-a coefficient of watermg varying with the ^ith mixtures of coal-dust and 

mtimacy of mixing (100 if absolute, e.g, stone-dust indicated that about 67% of stone- 
natmal moisture); dust was requiied for the suppression of fiame.^^ 

coefficient characteristic of the nature of the hyerimerUs, 1911-14.-An experi- 

mental station was erected at Berne, near Bort- 
In the application of the formula to the coals mund, by the German Coal-Owners’ Association, 
tested, the value assigned to the coefficient k was At this station, lieyling experimented in a 
0*6. Taffanel expected that the value of the surface gallery, 200 m. long, on methods for 
coefficient would vary with coals from difi'erent the prevention and suppression of coal-dust 
districts, but thought it probable that for this explosions. His experiments were less extensive 
purpose coals could be grouped into a relatively than those of the British and French investiga- 
smaU number of classes. tors, but he reached similar general conclusions 

In extension of the work at Li6vin, Taffanel concerning the utility of stone-dust.*^ 
began investigations in underground galleries at American Experiments^ 1911-24.—The 

Commentry in 1913 in which he found that the American Bureau of Mines, established by 
liability of a flame, or an explosion of firedamp. Congress in 1910, approved a scheme for the 
to cause a general dust explosion depends greatly excavation and equipment of an experimental 
on the actual location; the danger is at a mine for the purpose of investigations of coal- 
maximum if initiation takes place at the end dust problems under the direction of G. S. 
of a cul-de-sac, less in an open gallery, and still Rice. The site selected was at Bruceton, 
less where there are large empty spaces. These Pennsylvania, where the Pittsburgh seam out- 
investigations were interrupted bj' the war crops into the side of a ravine.** That part of 
( 1914 - 18 ) and were not resumed, the mine in which coal-dust explosions were. 

The experimental station at Litvin was and stfil are, developed and studied consists 
destroyed in 1914, and a now station was of two parallel main entries, 9 ft. wide, 6^ ft. 
established by the Comit6 Central in 1922 at high, and 41 ft. apart, driven into the coal- 
Montlu 9 on, with E. Audibert as director of seam to a distance of 1,300 ft. At 60 ft. from 
research. Experiments with coal-dust were not their terminal faces the two entries connect by a 
undertaken at the MontIu 9 on station until some cut-through. 

years after its estabhshment. The earlier series of experimental explosions *® 

Austrian Experiments, 1909.—A sub-com- were mainly in the nature of demonstrations of 
mittee of the Permanent I^edamp Committee of the explosive nature of coal-dust and of the 
Vienna undertook a series of experiments with utility of stone-dust barriers. They were begun 
coal-dust in 1909 in an underground gallery in 1911 when the main entries had been driven 
at Segengottes in the Rossitzer district. The to a length of only 700 ft. The entries were 
gallery possessed unusual features. It consisted completed in 1913, and, after preliminary experi- 
of an arched roadway, approximately 2 m. high ments to ascertain the most suitable arrange- 
and 1*5 m. wide, driven into a hillside to a ments for standard tests of coal-dusts, two sets 
distance of 300 m. The entrance to the gallery of conditions of ignition were adopted modelled 
was walled up, and three shafts were sunk from on the Li4vin galley conditions of Limit 1 and 
the surface for the purposes of access and limit 2. An igniting cannon, situated at the 
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face of one entry, loaded with 4 lb. of blasting all the oxygen of the air was consumed. With 
powder and stemmed with clay was used as the reference to the theory of pre-distillation, the 
initial source of ignition. In one type of test, conclusion was reached that “ if there is prior 
termed “ ignition ” test, the cannon was dis- distillation of coal-dust by radiant heat in 
charged directly into the dust-mixture under- advance of the flame the effect is confined to a 
going test ; in the other, termed “ propagation *’ very short or thin cross-sectional area in front 
test, the cannon was discharged into 100 lb. of of the flame and ... is not of sufficient magni- 
fine Pittsburgh coal-dust (39% volatile matter tude to be detected by the methods of sampling 
a.-f., d.) spread over 60 ft. of entry. The actual used in these tests.” The time taken to with- 
test zones, 360 ft. in each entry, were lined with draw a sample was 0-06 sec. 
cement. Recent Experiments : The Effect of the Concen- 

Two sizes of dusts were used in these standard tration of the Dust-Cloud .—When large-scale 
tests : “ pulverised ” coal and shale dusts, experiments on coal-dust problems were 

containing 86 and 95% respectively of material resumed at the Safety in Mines Research Station, 
passing a 200-me8h sieve; and “mine-size” Buxton, in 1926, various factors affecting the 
coal and shale dusts containing 20 and 33% inflammation of coal-dust were investigated, 
respectively of material passing 200-mesh. All A smooth cylindrical steel gaUory, 4 ft. in 
the mine-size coal-dust used would pass a 20-mesh diameter and 326 ft. in length, was used, 
sieve. The influence of the degree of fineness The gallery was closed at one end, and the 
of the coal-dust was one of the first factors direction of flame-propagation was from closed 
investigated. Evidence was obtained that to open end. The means of ignition employed 
particles larger than 20-mesli size did not take was a charge of 20 oz. of gunpowder,‘stemmed 
part to any appreciable extent in coal-dust with 1 lb. of a standard coal-dust, fired from a 
inflammations, and that the inflammability of steel mortar directly into the dust under test, 
particles below this size increased with in- An investigation was made into the relative 
creasing degree of fineness. inflammabilities of different coal-dusts, in the 

In both the “ ignition ” and “ propagation ” course of which the effect of variation in the 
tests, made with pulverised coal-dusts from quantity of dust strewn in the gaUery was 
different scams, a regular relationship was observed. The relative inflammabilities of the 
observed between the volatile matter contents coal-dusts were defined in this investigation by 
of the coals and their degree of inflammability as the minimum proportions of incombustible 
measured by the percentage of stone-dust matter, in mixtures of the coal-dusts with a 
required for the suppression of flame. A similar standard incombustible dust, required for the 
relationship was observed with mine-size dusts, suppression of inflammation. It was observed 
but the relationship was not so regular, and wide that above the minimum concentration (varying 
differences in inflammability were observed with degree of inflammability) at which a coal- 
botween coal-dusts of similar composition. The dust deposit would propagate flame per se, the 
ultimate analyses and calorific values of the proportion of incombustible dust required to 
coals were found to be no guide whatsoever suppress inflammation increased rapidly to a 
to the inflammabilities of the dusts, either maximum with increase in the quantity of 
fine or coarse. The deduction was drawn that coal-dust. Further increase in the quantity of 
the size of dust particles was a most important coal-dust was found to result in a decrease in 
factor in determining the inflammability of coal- the proportion of incombustible dust required, 
dusts. With the exception of coals of low inflammability 

In the presence of small percentages of fire- the decrease was not found to continue, under 
damp an increase was found to be necessary in the conditions of experiment, but reached a 
the proportion of stone-dust required for the value which remained constant up to the highest 
suppression of inflammation, and the increase concentrations tested. With coals of low 
was observed to bo directly proportional to the inflammability the optimum concentration 
percentage of firedamp present. was less clearly defined, and the proportion of 

Stone-dust “ barriers ” in different forms were incombustible dust required to suppress in- 
subjected to intensive testing, and improvements flammation decreased with increasing quantity 
were made upon the fixed shelf type used in of coal-dust until an upper limit of concentration 
experiments at Altofts and Lievin. The most was reached at which the coal-dust alone was 
satisfactory form of barrier was found to incapable of propagating flame.®® 
consist of a number of V-shaped troughs which, The determinations of relative inflammability 
when overturned by the pressure-wave ahead of the coal-dusts were made at optimum con- 
of the flame, discharged their load of stone-dust centration, i.e. with the particular amount of 
in a prolonged cascade. coal-dust requiring the highest proportion of 

Analyses of many samples of the atmosphere incombustible dust to suppress its inflammation, 
taken in the vicinity of the flame during experi- The optimum concentrations of the different 
ments were recorded.®* The results of the coal-dusts tested were found to differ, ranging 
analyses indicated that in weak explosions the between 0-1 and 0-6 oz. per cu. ft., and they 
zone of combustion was confined normally to evinced a general tendency to increase with 
the centre of the entries, reaching the walls only decreasing inflammability of the coal-dust, 
at irregular intervals when diverted by obstruc- As a result of these observations an investiga¬ 
tions. At times combustion did not spread as tion was undertaken at the experimental mine, 
far as a point midway between the centre and Bruceton, into the influence of the factor of 
the side of the entry. In strong explosions the dust-concentration upon the proportions of 
flame had a greater lateral spread and nearly incombustible matter required for the sup* 
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pression of inflammation when three different 
sources of ignition were used.®® Source A was a 
blown-out shot of 4 lb. of gunpowder, stemmed 
with clay, fired from a mortar directly into the 
dust-mixture under test ; Source B was a 
similar blown-out shot fired into 100 lb. of 
fine coal-dust ; Source C was the explosion of a 
volume of 2,700 cu. ft. of a 9-9*5% mixture of 
natural gas and air. Mine-size dusts were used 
in the test mixtures, the coal-dust being drawn 
from one seam (Pittsburgh) only. The results 
of the investigation shoved that the influence of 
the factor of dust-concentration was much 
greater than had been observed under the 
experimental conditions at Buxton. The extent 
of the influence may be judged from the follow¬ 
ing table, which gives the stone-dust “limits” for 
Pittsburgh coal-dust at different coticentrations. 


Moans of ignition. 

Concontration of <‘oal-dust 
per cu. n. 

O'liiG oz. 

0-4 oz. 

0*8 oz. 

Source A . . . 

10 

33 

43 

Source B . . . 

4(i 

59 

54 

Source (J . 

67 

58 

43 


The Bureau of Mines investigators postulated 
that the optimum concentration of coal-dust 
in the air would be the same for all three 
sources of ignition, and concluded that the total 
concentration of coal-dust required to be 
deposited in the mine entries to produce the 
optimum concentration in the air was an 
inverse function of the dust-raising power of the 
source of ignition. 

Belationship between Volatile Matter and 
Inflammability .—In experiments in the gallery 
at Buxton,®’ Mason and Wheeler observed a 
linear relationship between the proportion of 
volatile matter in coal-dust and an index, J, 
of relative inflammability as defined by the 
ratio 100/(100—8), wdiere 8 rej)resented the 
minimum percentage of incombustible matter 
required to suppress inflammation of the dust 
undfcr the standard conditions of experiment. 
The relationship observed was of the type 
I=aV-f where V is the proportion of volatile 
matter in the coal (calculated on an ash-free, 
dry basis), a is the slope of the line relating 
inflammability to volatile matter, and k is a 
constant representing the point of inter¬ 
section of the line with the ordinate. As will bo 
shown later, the values of a and k are dependent 
upon the nature of the incombustible dust 
used. For slate-dust (“ Fesemco ”), as used in 
the series of experiments under consideration, 
the values of a and k were 8 and 0 respectively, so 
that the relationship simplifies to I~8V, whence 
S=.= 100—(100/8V). Advantage was taken of 
the circumstance that the line relating in¬ 
flammability to volatile matter extrapolated to 
zero on the co-ordinates to express the relation¬ 
ship in simpler terms, based upon the limiting 
percentage of volatile matter in a coal-dust for 
the propagation of flame in the absence of 
incombustible dust, viz.: I=V/12*5, whence 
S-100-{l,250/V). 


A similar investigation was made at Mont- 
lu^on by Audibert and Delmas ®® in a smooth 
cylindrical steel gallery 1*8 m. in diameter 
and 150 m. in length. l*ropagation of flame was 
from closed to open end of the gallery, and the 
source of ignition was the explosion of 20 cu. m. 
of a 10% firedamp-air mixture. The dusts 
from 100 different coals were tested to determine 
the proportion of incombustil)]c! matter required 
for the suj)pre8sion of inflammation. No 
semblance of a relationship was observed 
between the volatile matter content of the coals 
and their degree of inflammability, and the 
investigators arrived at the conclusion that no 
value, oi* range of values, for French coals could 
be assigned to tlu; coefficicait k of TaffaneTs 
formula. 

Hie proccduie of the French experiments 
differed from the British in that the effect of the 
concentration ot dust was not taken into 
consideration. It diffcTed also from the 
American jirocediire in that a constant weight 
of dust-mixture (500 g. per cm. in.) was adopted 
instead of a constant weight of coal-dust, 
irrespective of the composition of the mixture. 
From a consideration of the influence of con¬ 
centration of the dust upon its inflammability, 
as determined at Buxton and Bruceton, it 
se(*ms that the procedure adopted at Montlu 9 on 
gave rise to considerable error. 

Smnll-ficale lieproduction of Gallery liesulis .— 
Taffancl and Durr ®® devised apparatus to 
reproduce in t he laboratory the results of gallery 
determinations, at Lievin, of the inflammability 
of coal-dust. Subsequently, their example was 
follow ed successfully by the British and American 
investigators. Two forms of apparatus, the 
“ standard ” and the “ routine,” were developed 
by (lodbert to reproduce, m one instance 
proportionately and in the other directly, the 
gallery results obtained at Buxton. Both I'orms 
of apparatus were based in principle upon the 
“ igniter ” devised by Taffanel and Durr. A 
mod iff cation of the “ standard ” form of appara¬ 
tus was used by Godbert and Greenwald 
to reproduce the results obtained in the experi¬ 
mental mine at Bruceton. Audibert and 
Delmas using a modification of the 
“ igniter ” devised by Taffanel and Durr, failed 
to reproduce the gallery results obtained at 
Montlu^on. 

2'he Effect of the Fineness of the Dusts .— 
Experiments to determine the influence of the 
fineness of coal-dusts upon their inflammability 
were made under the standard gallery conditions 
at Buxton by Mason and Wheeler,who found 
that the inflammability of coal-dusts increased 
hnearly with fineness, as defined either (a) by 
specific surface or (b) by the proportion passing 
through a lOO-mesb sieve. Audibert and 
Delmas, in experiments at Montlu 9 on 
upon the influence of variation in fineness of 
both coal-dust and incombustible dust, obtained 
conflicting results and could arrive at no con¬ 
clusions. Rice, Greenwald and H owarth 
found that the efficacy of an incombustible dust 
increased to some extent with increase, from 
30 to 70%, in the proportion of dust passing 
200-mesh. Increase in the proportion of 200- 
mesh dust above 70% did not result in an 
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appreciable increase in efficacy. Laboratory 
investigations of the influence of the fineness of 
dusts were made by Godbert and Grcenwald,*® 
who found that the index of inflammability of 
a coal, 100/(100-—S), was a linear function of the 
proportion of coal-dust passing 200-mesh and an 
inverse logarithmic function of the pro})ortion 
of incombustible dust passing 200-mesli. 

The Effect of the Presence of Firedamp .— 
Mason and Wheeler conducted exj)eriment8 in 
the Buxton gallery to determine the effect of the 
presence of small percentages of liredam]) in 
the air upon the inflammability of mixtures of 
coal-dusts and an incombustible dust. Seven 
coals of widely varying inflammabilities were 
selected for the investigation. In accordance 
with the results of earlier investigations by 
Taffanel at Jaeviri and Rice at Briiccton, the 
presence of firedamp was found to necessitate a 
proportional imnease in the incombustible 
matter requinKl in admixture with a coal-dust 
for the suppression of inflammation. The 
influence of firedamp is perhaps more clearly 
expressed by the reverse statement: that the 
presence of firedamp necessitates a proportional 
decrease in the combustible matter required in a 
dust for the production of limiting conditions 
for the })ropagation of flame. Each 1% of 
firedamp in the air was found to replace one-sixth 
of the coal-dust, in a mixture of coal-dust and 
incombustible dust, required to support in¬ 
flammation. Conversely, for each 1% of fire¬ 
damp, (100—S)/G more incombustible dust was 
required. 

The Effect of the Nature of the 1 ncomhusiible 
Dust. —The manner in which incombustible 
dusts function as suppressors of inflammation 
is not clearly understood. Experiments made 
by the Explosions in Mines Committee at 
Eskmeals and by the Bureau of JMines at Brucc- 
ton had indicated that difl'erent incombustible 
dusts of the same degree of fineness were of 
approximately equal efficacy, although the 
heat capacities of the dusts tested varied 
appreciably. These results lent support to the 
theory that the screening action of the particles 
of incombustible dust was of paramount 
importance. 

Later experiments by Mason and Wheeler 
conflict with previous observations in that they 
have revealed wide differences in efficacy of 
various incombustible dusts. The relative 
efficacies of the majority of the dusts tested were 
found to bear some relation to the heat- 
capacities of the dusts. Differences in heat- 
capacity of any magnitude existed by virtue of 
the carbon dioxide or water that the dusts 
contained. The relative efficacies of the dusts 
could be evaluated by assessing the combined 
carbon dioxide at 1-4 times and the combined 
water at 6 times the efficacy of the residue. 
These results indicate that the predominant 
action of incombustible dusts under the experi¬ 
mental conditions of the Buxton gallery is that 
of heat-absorption. 

Exceptions were found in certain dusts, e.g. 
sodium carbonate and sodium bicarbonate, 
which, despite their high heat-capacities, 
proved to be inefficient suppressors of inflamma¬ 
tion. Potassium chloride and sodium chloride. 


on the other hand, were found to bo highly 
effective ; the efficacy of sodium chloride being 
7 times, and that of potassium chloride approxi¬ 
mately 10 times, the value that would be 
ascribed to them by virtue of their capacity for 
absorbing heat. A table of efficacies of the 
various incombustible dusts tested in the 
Buxton gallery is given below : 


Incombustible dust. 

Pcrccnt- 
age pass¬ 
ing 200- 
tnosh 
(I.M.M.). 

Relative 
weights 
required 
to 8U|)- 
presR in¬ 
ti amma- 
tion. 

Soda ash (Na 2 C 03 ) 

80 

14 

Sodium bicarbonate 

85 

12-25 

Shale. 

80 

12 

“ Fesemco ” slait' . 

80 

10 

Anhydrite (CaSO^) 

80 

0 

(’alcium carbonate . 

85 1 

8 

Soda crystal 



(Na 2 ‘C 03 , 10 H. 20 ) . . 

S3 

7-25 

Gypsum (CaS 04 , 2 H 20 ) . 

00 

4 

Magnesium sulphate 



(MgS04,7H20) . . . 

82 

2-25 

Borax (Na2B4O7,10H2O) . 

' 00 

2-25 

Sodium chloride 

80 

1-75 

Potassium chloride . 

80 

1 


Three of the iiicombustible dusts were tested 
in the gallery in admixture with two coals of 
appreciably different inflammabilities. The 
tests with these dusts sufficed to show that the 
relative efficacies of incombustible dusts were 
independent of the degree of inflammability of 
the coal-dust with which they were tested. 
Jn other words, expresses the relation¬ 

ship betw^een the volatile matter content of a 
coal and its relative inflammability as measured 
by the jiroportion of any incombustible dust 
required to suppress inflammation. The values 
of a and k are functions of the relative efficacies 
of the incombustible dusts. 

The low efficacies of sodium carbonate and 
sodium bicarbonate and the high efficacies of the 
chlorides of potassium and sodium observed in 
the experiments in the Buxton gallery were 
attributed respectively to “ promoting ” and 
“ inhibiting ” actions, in which the one assists 
an<l the other hinders certain of the chemical 
reactions constituting the process of combustion. 
The experimental results suggesting the pro¬ 
moting action of sodium bicarbonate on 
inflammation confli(4> with all laboratory investi¬ 
gations of the influence of sodium bicarbonate 
in preventing the ignition of coal-dust.^* 

In the Fourteenth and Fifteenth Annual 
Reports of the S.M.R.B. an account appears of a 
laboratory investigation of the relative efficacies 
of a number of chemical substances including 
those tested in the Buxton gallery. The con¬ 
ditions of the laboratory test yielded results in 
close parallel to those of the gallery, except for 
the abnormal behaviour of sodium carbonate 
and bicarbonate described above. The in¬ 
combustible dusts fell into two groups. In 
group 1, composed of the incombustible dusts 
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commonly used in coal mines, together with 
hydrated salts and oxides, the dusts conformed 
approximately to a linear relationship between 
relative efficacy and heat-capacity, suggesting 
that their action was mainly that of heat- 
absorption. In group 2, composed entirely 
of halides, the dusts were all highly efficient with 
one exception, silver chloride. Considerable 
variation in relative efficacy was observed 
between the members of this group, but the 
variation could not be related to any known 
characteristics. More recent experiments, de¬ 
scribed in the Seventeenth Annual Report of 
the S.M.R.B., made in the Buxton gallery have 
shown that sodium carbonate does exert the 
inhibiting effect ascribed to it in laboratory" 
tests when it is present in small proportion in 
admixture with a basic incombustible dust such 
as slate dust. 

The Mode of Combustion of Coal-Dust in 
Explosions ,—^Most investigators of coal-dust 
explosions have arrived at the conclusion that 
combustion of the dust, at least during the 
early or “ inflammation ” stage, involves the 
preliminary process of distillation of volatile 
matter from the particles. Some appear to 
have visualised the process taking place so far 
in advance of the flame-front as to provide an 
inflammable gaseous medium for the propaga¬ 
tion of flame. The time factor alone makes 
such an hypothesis imtenable, and the evidence 
of gas-samples snatched in advance of the flame- 
front in explosions is hardly needed for its 
refutation. Such samples have never been 
found to contain more than traces of inflam¬ 
mable gases even when the time of sampling 
has been so far delayed as to result in contamina¬ 
tion by products of combustion. The more 
general view is that the inflammable products of 
distillation ignite spontaneously as they liquate 
to the surface of the particles. In the presence 
of a sufficiency of oxygen the carbon residue 
would also be consumed at a later stage of 
combustion, but in most dust inflammations the 
available oxygen is insufficient for the completion 
of the process of combustion, and heavy deposi¬ 
tions of soot take place. 

These two stages of combustion of coal-dust 
particles in the presence of a sufficiency of 
oxygen were recorded photographically by 
Griffin, Adams and Smith.*® The particles of 
dust were burnt in suspension in a furnace. 
Buring their combustion they first fell down the 
furnace and then rose in it. The luminous 
tracks of the burning particles were recorded by a 
revolving drum camera, and from the length of 
the tracks in the direction of revolution of the 
drum, and the speed of revolution of the drum, 
the combustion periods of the particles could be 
calculated. The first stage of combustion was 
reproduced as a thick blurred track descending 
the furnace. This track terminated fairly 
abruptly and was succeeded by a thinner 
and more sharply defined track inclining 
upwards. The combustion period of the first 
stage was calculated to be about one-twentieth 
that of the second. Coke and charcoal particles, 
as was to be expected, showed no signs of burning 
in two stages. 

The Es^osions in Mines Committee in their 


Second Report, 1913,*® suggested that the process 
of combustion by pre-distillation is succeeded, 
in the later stages of a coal-dust explosion, by a 
process of direct oxidation of the dust particles. 
There is no direct evidence in support of this 
hypothesis, but indirect evidence was cited from 
analyses of the products of combustion. The 
theory of direct oxidation permits the conception 
of detonation over limited distances under 
circumstances in which an intense shock-wave 
is built up at the flame-front in the wake of the 
“ pioneering ” waves of pressure. Attempts have 
been made to measure the ultimate speed of 
propagation and magnitude of pressure of coal- 
dust explosions, but no gallery has as yet been 
constructed of sufficient length and strength to 
achieve this objective. 

The Relationship between the Constitution of 
Coal and its Inflammability .—The volatile 
contents of coals, as determined by proximate 
analysis, can only be regarded as providing a 
rough measure of their general properties, and in 
consequence the relationship so frequently 
observed between the volatile matter contents 
of coals and their inflammabilities is held to be 
fundamentally unsound. Other relationships, 
more tenable theoretically, liave therefore been 
sought from time to time. For example, the 
Explosions in Mines Committee sought and 
found a relationsliip between the ignition- 
temperatures of coal-dust clouds, as measured 
in a laboratory apparatus, and the proportions 
of the different coal-dusts extractable by 
pyridine. These extracts contained the more 
readily decomposable and oxidisablc consti¬ 
tuents of the coals. No relationship could be 
traced between the ignition-temperatures and 
the volatile matter in the coals. 

Amongst more recent work may be cited that 
of Godbert and Wheeler in which they com¬ 
pared the reactivities of coals to oxygen with 
their inflammabilities and combustibilities. The 
reactivities of the coals were determined by 
' measuring the amount of oxygen absorbed by 
them from air at 100®C. under standard con¬ 
ditions; the inflammabilities were determined 
by the minimum proportions of an incom¬ 
bustible dust required to prevent inflammation 
when the dust-mixture was blown through an 
electrically heated furnace under constant con¬ 
ditions ; the combustibilities were defined by 
the duration of the first stage of combustion of 
particles of equal surface-area when in suspension 
in a furnace maintained at constant tempera¬ 
ture ; the method employed for the measure¬ 
ment of duration of combustion was similar to 
that employed by Griffin, Adams and Smith.*® 
A large number of coal-dusts were tested, 
and their relative inflammabilities and com¬ 
bustibilities were found to be more closely 
related to their reactivities than to their volatile 
matter contents. The determination of re¬ 
activity was regarded as a measure of the degree 
of coalification of the ulmin compounds upon 
which the ease of oxidation of coal primarily 
depends. 

Practical Measures for the Prevention of 
Explosions .—^Measures proposed by Taffanel 
for safeguarding mines from explosions were 
enforced in France by decrees issued in 1911 
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and 1912. At first the measures were confined to 
the erection of stone-dust barriers, for the 
purpose of limiting the extent of explosions, but 
later they included the general distribution of 
stone-dust on roadways. Audibert reviewed 
the preventive measures, placing them in three 
categories according to their object. Measures 
of the first order are for reduction of the pro¬ 
bability of ignition ; they are regarded as the 
most essential. Such measures are specifically 
designed for the many and varied operations of 
coal-mining and are too numerous to be con¬ 
sidered here. Measures of the second order are 
those of general neutralisation of coal-dust by 
the application of stone-dust or water. They are 
designed to reduce the risk of propagation 
of flame in the event of failure of the first 
measures. The degree of neutralisation varies 
from mine to mine in accordance with Taffanel’s 
formula. Measures of the third order are for the 
arrest of explosions once started. These 
measures are intended to supplement those of 
general neutralisation, and not to replace them. 
They consist of the provision of stopping zones, 
heavily treated with stone-dust or water, and of 
overhead barriers, loaded with stone-dust or 
water, the operation of which depends on the 
pressure-effects in advance of the flame. 

In England, the recommendations of the 
Explosions in Mines Committee were embodied 
in general regulations enforced in 1920. Adopt¬ 
ing the French classification, these regulations 
may be said to deal only with measures of the 
first and second order. Measures of the second 
order are standard for all coal mines except 
those working anthracite, which are exempt. 
The regulations provide for the treatment 
of all accessible roads with : (a) incombustible 
dust in such manner as will ensure that the 
dust on the floor, roof and sides throughout 
shall always consist of a mixture containing 
not more than 50% of combustible matter; 
or (6) with water in such manner as will ensure 
that the dust on the floor, roof and sides 
throughout is always combined with 30% by 
weight of water in intimate mixture. 

The experiments of the Safety in Mines 
Research Board since 1924 have shown that 
these regulations do not achieve their object of 
ensuring an equal and satisfactory degree of 
safety in all coal mines. New regulations have 
been drafted ** which take into account the 
increasing inflammability of coal-dust with 
increasing volatile matter content. 

Although, in this country, measures of the 
third order have been considered in the past to be 
unnecessary, and indeed inadvisable, there now 
appears to be a leaning towards their introduction 
for the protection of the coal face. In this 
connection the special incombustible dusts 
known to possess an inhibiting action upon 
flame-propagation may find application. The 
reason for the change of attitude may be found 
in the rapid progress of mechanised mining, 
which produces conditions at and near the coal 
face constituting a serious danger in the event of 
a failure of measures of the first order. 

In America, a “ recommended practice ” for 
the application of stone-dust in xnines other 
than anthracite mines was approved in 1925. 


This practice provides for the erection of stone- 
dust barriers at specified places in the mine 
in addition to general stone-dusting. A standard 
minimum of 55% of incombustible matter on 
the roads is stipulated irrespective of the degree 
of inflammability of the coal-dust. Similar 
measures were enforced in Germany in 1926. 
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are capable of absorbing water. If the latter 
contains a colouring matter either in a molecular 
or colloidal state of dispersion and the solution is 
brought into contact, preferably at an elevated 
temperature, with a member of the former class, 
e.g. wool, cotton, etc., it frequently happens that 
most of the colouring matter leaves the aqueous 
solution and becomes attached to, and appears 
to bo uniformly distributed throughout, the 
fibrous material; the latter effect is facilitated 
by agitation of tuther the material or dye 
solution, or both, and the colour intensity of the 
solution gradually diminishes, as is to be ex¬ 
pected, whilst that of the fibres gradually 
increases. The coloun'd fibre is said to have been 
dyed, and is often termed a dyeing ; the colour¬ 
ing matter is the dye; the ])rocess involved is 
termed the dyeing process ; and the solution of 
the dye is termed the dyebath or dy(‘ liquor, 
which is said to becomt? gradually (‘xhausted 
as the transference of its dye-content to the 
fibre takes place. Only the members ol' ('ertain 
chemical classes of dyes, hov\ev(u-, can be 
applied satisfaciorily from simple aqueous 
solutions to a sp('cific type of fibrous material. 
As a general rule, otlu'r com])ounds, termed 
assistants, need to be added to the dyebaths in 
order to prodiic-e satisfactory dyed materials; 
also, in some cases, the proper fixation and/or 
development of the dye can take plac’c only in 
presence of certain metal ions derived from salts 
originally tenru'd mordants. iSorne of the latter 
may be applied to the fibre (1) bc'fore, (2) after 
or (3) concmrrently wit h the dye, whilst members 
of certain classes of dyes contain a metal as 
])art of the actual dye molecules. In case (2), 
only water-soluble dyes, which can be fixed 
fairly lirmlj'^ on the fibre before the applicjation 
of the metallic salt, can be list'd, but in (I) dyes 
in very fine suspension arc occasionally used; 
only water-soluble dyes can be used in (3), 
whilst inetalliferous dyes also need to bti 
soluble, of course, in water. In some teases, 
it is possible to modify simply the chemical 
structure of a dye in order to obtain a suitable 
aqueous dispersion of the modified product for 
application to fibres, e.g. vat dyes (insoluble in 
water), and subsequently to induce the reversion 
of the modified dye to its original cliemical 
structure by exposing the “ dyed ” fibre to air; 
in this way, very fast shades or dyeings are 
obtained. Other methods of colouring fibrous 
materials uniformly consist of (a) impregnation 
of the material with an aqueous solution con¬ 
taining chemical agents which, on subsequent 
heating under defined conditions, react to form 
colouring matters, e.g. Aniline Black; (6) im¬ 
pregnation of the material with an aciueous 
I solution of one component of a dye which, on 
bringing into contact with an aqueous solution 
of a second component, forms an insoluble dye 
in and on the fibre, e.g. insoluble azo dyes; 
(c) the use of very finely divided dyes suspended 
in an aqueous medium, e.g. dyes for dyeing 
cellulose esters, especially cellulose acetate 
rayon. 

Dyes under (a) are especially suitable for 
cellulose fibres; thus, Aniline Black can be 
produced readily on cotton, rayon or even on 
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wood. In the latter case, however, the wood is 
said to have been stained, but, apart from 
problems connected with penetration and uni¬ 
form distribution of the dye throughout the 
(coloured material, there is really no sharp 
distinction in many cases between staining and 
dyeing, provided that molecular or colloidal 
dispersions of suitable dyes are used in the 
respcjctive colouring processes. On the other 
hand, a colouring process for vood carried on 
with the aid of a suspension of the colouring 
matter is a triu' staining i)rocess, wlujreas a true 
dyeing process may take place when the same 
suspension is applied to a f)artieular type of 
fibrous material, c.q. celhdose acetate rayon, in 
which the dye may be soluble (solid solution). 

The most important aim of modern dyeing is 
the colouring of fibrous materials in such a way 
that they exhibit uniform, i.e. level, elfects, in 
jiredetermined shades of specihed degrees of 
fastness to various agencies. If a dyeing fades 
quickly when exj)osed to the action of a parti¬ 
cular agent, c.r/. light, the colour (or dyeing) is 
said to be fugitive*. 

An ideal dye for a fibrous material would be 
one that could be applied in a simjjle manner 
from a neutral, slightly acid or alkaline solution, 
without itself undergoing any material altera¬ 
tion in shade during the process; its solution 
would be capable of easily ]jenetrating all kinds 
of fibrous materials so as to leave a perfeedly dis¬ 
tributed film of colour, upon w hich the ultimate 
depth of shade required could be built up in an 
orderly manner throughout tlie fibre complex. 
Moreover, the final dyeing would be fast enough 
to withstand subsequent wet and/or dry finishing 
and otlu'i’ operations, as well as most of the 
common agencies to which it is exposed in use 
under varying climatic <*onditioiis. Ibifor- 
tunately, the wide variations in the nature of the 
fibrous materials to be dyed, as well as in the 
properties which dyeings are exjiected to 
exhibit, together with economic considerations 
based on the cost of dyes having the recpiisite 
properties, represent problems which are not 
likely to be solved completely for a long time to 
come. Great progress lias been made, however, 
in the direction which leads to the solution of 
some of these jiroblems. Outstanding examples 
arc {a) a three-colour (.’om bination of fast acid dyes 
for wool dress goods ; (b) a series of substantive 
cotton dyes having excellent fastness to light; 
(c) a series of soluble “ mordant ” dyes in which 
the lake-forming metallic constituents are 
present in the molecules of the dyes ; (d) stable 
diazo-salts which simplify considerably the 
production of azoic dyes ; and (c) soluble vat dye 
derivatives from which vat dyeings can be 
obtained on all fibres. Simpfification of colour¬ 
ing processes with retention of fastness pro¬ 
perties is of vital importance in modern dyeing 
technique, and it is highly probable that future 
developments will tend more and more tow'ards 
further mechanisation in this direction. One of 
the outstanding developments of recent years in 
the textile colouring industries has been the 
ever-increasing use of dyes having excellent 
fastness to light, washing, etc., and in view of 
the fact that consumers of textiles are becoming 
more familiar with the advantages of fast colour 


effects, there appears to be every possibility 
that the demand in this direction will continue 
to grow with the passage of time. Although a 
large range of fast dyeings can be produced 
on wool goods at a reasonable cost, it is often 
necessary, in the ease of celliilosic materials, 
to use the most expensive types of dyes when 
exceptionally fast dyeings, especially to light 
and washing, are required. The cost, therefore, 
in such cases, has a definite retarding influence 
on the more extended uses of these dyes. 

A modern dyeing process invariably con¬ 
stitutes tli(^ middle phase of a three-phase 
refining process designed to convert unattractive, 
impure, raw materials into articles of pleasing 
a])pearance and general utility. The first phase 
of this jirocess includes all preparatory opera¬ 
tions, e.g. scouring, bleaching, mercerising, 
im])regnation with chemical agents, etc., whilst 
most of the operations, which immediately 
follow the act of applying the colouring materials, 
arc commonly included under the term “ finish¬ 
ing ”; these operations represent the third 
phase, although in the woollen and worsted 
industries Ihe term “finishing” is often 
applied to many operations which precede the 
actual application of dyes. This article is 
concerned mainly with the middle phase opera¬ 
tions. llefcreiH.es will need to be made, how¬ 
ever, to th(5 })reliminary or jireparatory opera¬ 
tions, sinc(5 the successful prosecution of the 
dyeing jirocess is dependent to a large extent on 
the degn^e of efficiency with which the operations 
of the first phase have been (‘arried out (see 
Preliminary Operations, p. 130). 

The practice of dyeing is an exacting branch 
of industry and, contrary to popular opinion, 
can only bo carrk^d on efficiently by craftsmen 
who have spent many years of apprenticeship 
in the acquisition of a sound technique and in 
studying its principles from every angle. The 
dyeing craft usually is divided into particular 
branches according to the nature and physical 
form of the material to be dyed. Thus, wool 
dyeing is a separate branch of the industry and 
is itself divided into sub-branches, e.g. worsted 
and woollen cloth dyeing; slabbing or top 
(combed worsted fibres) dyeing ; loose wool 
dyeing, yarn dyeing, etc. The dyeing of 
cotton includes generally the loose material, 
yarn on bobbins or in hank or warp form, and 
woven and knitted fabrics. The term “ hosiery 
dyeing ” may embrace the colouring of all the 
wcll-knowui fibres, cither mixed or separate, 
whilst the same statement applies to the fibrous 
materials treated in the dry-cleaning and 
dyeing industry. Large quantities of yarns and 
fabrics contain more than one particular fibre; 
they are termed union materials, and the 
commonest type is a cotton-wool mixture or 
union. If the two fibres are dyed the same 
colour, the material is said to have been dyed a 
solid shade. Other specialised branches of the 
industry are concerned with the dyeing of 
{a) leather, (6) felt hats, (c) straw hats, (d) 
ribbons, (e) furs, (/) buttons, etc. 

One important feature of modern dyeing 
technique in all branches of the industry is 
the necessity for accuracy in colour matching; 
this requirement calls for the exhibition by the 
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responsible craftsmen of sound and quick 
judgment in making additions of the requisite 
solutions of dye or dyes to bring about the 
comparatively slight alterations in colour values 
during, and especially towards the end of, the 
dyeing process. Technically, this work is called 
matching to shade, although local terms are 
in use in many districts. It will be evident 
from these preliminary remarks that the 
uniformly successful prosecution of dyeing 
processes is dependent mainly on the collective 
and individual knowledge possessed by experi¬ 
enced craftsmen concerning the varying be¬ 
haviour in the dye bath of fibres, dyes and 
chemical assistants. These throe classes of 
substances may bo termed the raw materials of 
the dyer’s craft. 

Raw Materials of the Dyeing Industry. 

I.— Fibres. 

Almost all fibrous materials of use to mankind 
have frequently to be dyed. Those which can 
be spun into yam, or produced artificially as 
reasonably clastic filaments and, consequently, 
as yam, are of most importance. They may 
be classified into (a) cellulose, (6) protein, 
(c) artificial and (d) mineral fibres, according 
to the sources from which they are obtained or 
the methods by which they are produced. 

(a) Cellulose Fibres.—This class includes 
cotton, flax, ramie, jute, hemp, wood, etc. 
Apart from jute, the fibres in this class consist 
essentially of cellulose in a varying degree of 
purity. Raw cotton, e.g., loses about 5-6% of 
natural impurities during careful scouring and 
bleaching, whilst fully bleached linen cloth may 
have lost as much as 25%, i,e. based on the 
weight of the original raw flax; the residue in 
each case consists essentially of pure cellulose. 
Variable amounts of oily and waxy matter, 
etc., are removed in the process. As a rule, 
natural cellulose fibres give best results in 
dyeing when the associated impurities have 
been removed completely, but such an ideal 
form of cellulose is not always needed in the 
production of the multifarious coloured goods 
used by consumers. 

The physical differences in chain, micellar 
and gross stmetures {v. Cellulose), together 
with variation in pore size and physical dimen¬ 
sions, of the chief cellulosio fibres probably 
account, in general, for their slightly different 
behaviour in presence of dye solutions and 
chemical agents. A full knowledge of the be¬ 
haviour of aU commercial fibres in presence of 
acids, alkalis and oxidising agents is an 
essential part of the equipment of the efficient 
dyer and colourist. 

All fibres derived from plants undergo 
hydrolysis more or less readily in presence of 
dilute hot mineral acids, but cold l-3°Tw. 
solutions have no appreciable action and are 
often used in dyeing and allied operations; 
cellulosio fibres can be treated with organic 
acids under almost all conditions of works 
practice without suffering detrimentally. The 
fibres in a yam of partially hydrolysed cellulose 
have, in a comparative sense, a considerably 
diminished power of cohesion especially along 


their longitudinal axes, which are parallel to 
those of the micelles, but the actual noticeable 
physical effect depends, of course, on the extent 
of the hydrolysis; in other words, hydrolysis of 
ceUulosic fibres connotes degradation of those 
forces which maintain the long-chain molecular 
and micellar units in their primary state. It is 
impossible in the present state of knowledge 
to state the exact way in which the degrading 
effect is induced, but it is well known that the 
fibrous structure tends to become amorphous, 
thus resulting in a weak or tendered material. 
The tendering effect, which is very variable in 
degree, often occurs in bleaching and dyeing 
practice. The abnormal action of oxidising 
agents on cellulosio fibres produces similar 
physical effects, but the controlled action of 
their dilute solutions at medium temperatures 
has little or no detrimental effect ; solutions 
of this kind are largely used in bleaching the 
natural colouring matters associated with 
native fibrous celluloses and also in certain 
dyeing operations. 

Dilute alkalis have very little effect on fibrous 
celluloses at temperatures ranging from normal 
to a few degrees above 100‘^C. Concentrated 
caustic alkalis, either cold or at medium 
temperatures, induce rapid intermicellar 
swelling ; this action, in mass, results in con¬ 
siderable contraction, so that a woven fabric 
may shrink as much as 15% in area. If the 
contraction is prevented, however, by placing 
the material under strain during treatment 
with the alkali, and washing while in this state, 
the fibres acquire increased lustre. This process 
was originally termed mercerisation, but the 
term is used now to indicate almost any treat¬ 
ment of vegetable fibres with caustic alkali of 
mercerising strength (about 50°Tw.), and even 
with alkali of much lower concentrations. 
Other chemical agents induce swelling of 
* ceUulosic fibres, and, in all cases, the swoUen 
fibres give much darker shades than ordinary 
fibres when dyed under the same conditions with 
substantive dyes. This phenomenon is genoraUy 
considered to be due to an increase in the 
physical dimensions of the swoUen fibres, whilst 
the actual swelling effect, when unaccompanied 
by chemical alteration of the cellulose, is of the 
intermiceUar type, i.e, action takes place within 
the infinitesimal spaces that separate the 
miceUes from one another. A satisfactory 
explanation of the phenomenon, however, has 
not yet been advanced. 

(6) Protein Fibres.— The hairs of sheep and 
other animals are the chief representatives of 
this class. Wool is more highly contaminated 
with impurities than any other fibre used for 
textile purposes; some raw wools of commerce 
contain less than half their weight of fibre, the 
remainder consisting of natural grease and 
acquired impurities, e.g, vegetable and mineral 
matter, etc. The operation knowm as wool 
scouring effects the removal of the greater 
portion of these impurities. Raw wool fibres 
vary very considerably in physical properties, 
e.p. diameter, length, lustre, surface structure, 
etc., according to the breed and environment of 
the sheep from which they have been obtained. 
Botany or merino wool is the finest variety or 
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quality; it gives the palest shades when dyed 
with a given percentage of dye, compared with 
other varieties of wool, and also exhibits a 
greater tendency to undergo physical change 
when subjected to stress in presence of water, as 
well as hydrolytic changes, in presence of 
chemical agents used in wet-jirocessing, including 
dyeing. Purified wool belongs to the chemical 
class of compounds termed proteins, and is a 
member of the keratin group which includes horn, 
feathers, etc. Keratins have fairly high sulphur 
contents and are classified as sclcroproteins. 
Modern views {cf. Astbury, J. Soc. Dyers and Col. 
1938, 49, 1()8; Speakman, ibid. 1933, 49, 180) 
of the ultimate structure of wool as deduced by 
X-ray examination and other physical methods 
assume that the fibre is built up of micelles 
arranged with their long axes parallel to the longi¬ 
tudinal axis of the fibre. It is thought that each 
micelle consists of long folded polypeptide mole¬ 
cular “ chains ” or “ ladders ” superimposed on 
one another and probably held together by 
residual chemical affinity. These molecular 
“ ladders ” are supposed to bo bridged across by 
“ rungs ” or linkages, the most important of 
which is considered to be the cystine linkage. 
Other cross-linkages are supposed to be derived 
from acid and basic side-chains of the peptide 
chain, and these may play an important part in 
dyeing phenomena. A folded main polypeptide 
chain in wool is termed a-keratin, whilst the 
stretched chain is termed jS-keratin. 

Like nearly all proteins, w^ool is unstable in 
presence of hydrolytic agents, especially alkalis, 
at elevated temperatures and, under such con¬ 
ditions, degradation of the fibre begins with a 
solution at about pn 10. This low resistance to 
alkalis is due to the weakness of the disulphide 
linkages ; in this respect, wool difl'ers completely 
from cellulosic fibres; at medium temperatures 
it resists successfully the action of dilute solu¬ 
tions of sodium carbonate, which, in conjunction 
with soap, is the chief agent used in cleaning 
(scouring) the raw wools of commerce. All 
wools are peculiar in that they resist strongly the 
penetration of aqueous liquids at ordinary 
temperature; evidently this fact is largely due 
to the presence of an epidermis of a more highly 
polymerised molecular structure than the bulk 
of the fibre substance; this structure may be 
developed by the organism as a natural pro¬ 
tection against atmospheric degradation and 
the attacks of numerous low forms of life. In 
wool dyeing processes, the problems associated 
with penetration are so well recognised that it 
is usually considered necessary to carry on the 
operations round about 100°C.; in other words, 
wool is only slightly affected by aqueous solu¬ 
tions of dyes at low and medium temperatures, 
whereas cellulosic fibres can be dyed, although 
not always with satisfactory results, at low 
temperatures. Dilute mineral acids appear to 
open up the micelles and cause swelling of the 
fibre; they have a much less destructive action 
on wool than on ceUulosio fibres; wool can be, 
and commonly is, boiled with 2-5% sulphuric 
acid for an hour or longer without suffering any 
detrimental effect. Higher concentrations of 
mineral acids initiate degradation of the fibre 
structure, and complete hydrolysis may be 


effected by boiling in 5-10% hydrochloric acid. 
The differential action of mineral acids on 
vegetable and animal fibres, respectively, is 
utilised in the process termed “ carbonisingV* 

Aluminium clilorido, which undergoes 
hydrolysis in presence of moisture, also may be 
used as a source of hydrochloric acid in carbon¬ 
ising certain kinds of wool goods. Carbonised 
material, especially low quality material, is often 
dyed without neutralisation of the residual acid, 
and defects develop more readily on this material 
than on ordinary wool. Oxidising agents appear 
to act less energeticall}^ on wool than on cellulosic 
fibres; hyiiochlorites tend to produce a yellowish 
fibre, but when their solutions arc used under 
controlled conditions as regards pu and tempera¬ 
ture, this defect does not occur to any appreciable 
extent, whilst the treated goods do not shrink 
during subsequent wear and washing. The 
process is often termed “ unshrinking,” and 
properly treated wool is more lustrous and is 
penetrated more readily by dye solutions than 
ordinary wool; the product is also commonly 
termed “ chlorinated ” wool, but the exact 
course of the reactions involved is not known. 
A recently patented method (B.P. 464503) 
of rendering wool unshrinkable is carried out 
by steeping the wool material in white spirit 
containing 1-2% sulphuryl chloride at ordinary 
temperature for 1 hour. Chlorine gas, in con¬ 
trolled amount, and in presence of moisture, is 
also used for rendering wool unshrinkable 
(B.P. 417719). Other oxidising agents, if used in 
excess or at high temperatures, induce yellowing 
or browning oi the fibre, which is an indication of 
degradation of fibre structure. Hydrogen per¬ 
oxide, however, is used in large amounts in 
mildly alkaline solutions and under controlled 
conditions, for the production of permanently 
white wool. Reducing agents, e.g. sulphurous 
acid, sodium hydrosulphite, etc., also decolorise 
the natural colouring matter of w ool, but rever¬ 
sion to the original colour occurs especially on 
washing the wool in alkaline liquors. Wool 
which has been bleached in this way, e.g. 
exposure of wool impregnated with w eak soap 
solution to sulphur dioxide, is termed stoved 
wool. Stoved w^ool which has been washed well 
often contains traces of residual sulphites and 
may develop sulphite fading faults if used 
subsequently in conjunction with wool dyed 
with certain azo dyes, owing to formation of 
azo sulphites {cf. Goodall, J. Soc. Dyers and 
Col. 1932, 48, 118). Stronger reducing agents 
may attack the sulphur linkages, especially at 
boiling-point, thus causing the fibre to become 
tender. This fact is of importance in connection 
with the stripping of dyed wool with sodium 
sulphoxylate-formaldehyde compounds. 

Silk .—This fibre consists essentially of a 
sticky exudation, which solidifies completely on 
exposure to air; it is produced by the larvse of 
various kinds of moths for the purpose of 
forming nests or cocoons in which they pass the 
chrysahs stage of their existence. The best 
known and most valuable type of silk is obtained 
from specially reared silkworms of the Bombyx 
mori species. This silk is termed cultivated silk. 
Wild silks are best represented by the produce 
of the larv8B of Anthrea myllita or Tussah moth. 
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According to the Hindu faith, the Tussah moth 
is the impersonation of the god Shiva. The 
cocoons of Tussah silk are usually entangled, 
and contaminated with impurities to such an 
extent, that they cannot be reeled into long 
filaments; silk of this type is usually carded and 
spun. A single strand obtained by winding the 
filaments from a number of cocoons of Bomhyx 
mori silk after previously soaking in hot water to 
soften them is termed a “ single ” or grege, 
whilst the term “ singles ” is given to the twisted 
strand. Organzine silk is made by light twisting 
of several singles ; it is used for warps ; “ tram ” 
silk consists of several strands of raw silk lightly 
twisted; it is used for weft; embroidering and 
sewing silks consist of several threads twisted 
together; waste silk is obtained from brokiui 
and twisted cocoons, broken threads, etc. Only 
two-thirds of the silk on a cocoon can be reele<l; 
the remainder and some other forms of waste 
silk are boiled in soaj) solution containing a 
little soda ash, and worked up into spun silk. 
A variety of spun silk termed “ schappe ” is 
spun from waste silk which has been soaked only 
in boiling soap solution and dried. A thread of 
reeled silk produced as described is either white 
or golden-yellow in colour and contains 20-25% 
gum. Silk differs from vegetable and true 
animal fibres in having no organised structure. 
In many respects, it behaves almost like wt)ol 
in presence of the chemical agents used in 
scouring, dyeing, etc. Its difference in physical 
structure, viz. absence of organised cellular 
structure, and the fact that, although it is a 
member of the protein class of compounds, it 
does not contain the element sulphur, probably 
account mainly for its {)ronounccd difference in 
behaviour in specified cases. Thus, it is capable 
of absorbing readily large amounts of metallic 
salts, especially tin salts, from their aqueous 
solutions, and a considerable gain in weight 
occurs if the tin ion in the salt contained in the 
treated fibre is converted into an insoluble com¬ 
pound by subsequent treatment of the fibre 
with a solution of a soluble phosphate, sili<*ate, 
etc. The process is termed “ tin w^eighting ” 
and the product is weighted silk. The higher 
the percentage of this weighting, the more 
difficult the dyeing operation, whilst weighted 
fibres are more liable to suffer decomposition. 
In general, cultivated silk fibre is less, and 
Tussah silk still less, susceptible to the degrading 
action of hydrolytic agents than is w ool, although 
alkalis, especially caustic soda solutions, need to 
be used with great care in dyeing or preliminary 
wet-treatment operations. The most efficient 
bleaching agent for silk is hydrogen peroxide. 
Raw silk fibre proper is covered with a non- 
lustrous material termed sericin {see p. 143),which 
is removed at one stage or another of the wet¬ 
processing operations; in some cases, it is the 
practice to carry out this operation, termed 
“ degumming,” concurrently with dyeing. The 
fibre substance which remains after degumming 
is termed fibroin, and Mark and Meyer have 
suggested that it is built up of extended 
pol3rpeptide chains consisting for the most part 
of glycine and alanine residues which have been 
ioin^ together by the elimination of water 
between the —NHg and —COOH groups. 


Other Animal Hairs* —The behaviour of 
practically all other animal hairs in presence of 
cliemical agents resembles, in greater or less 
degree, that of wool ; the effects of any par¬ 
ticular reagent are largely dependent on the 
quality of the hair and the resistance offered 
by it to penetration by liquids. It is well 
known that mohair, the hair of the Angora 
goat, is not easily penetrated by dye solutions, 
and there is reason to belicv^e that the epithelium 
consists of a tougher and more highly polymer¬ 
ised keratinoid compound than the correspond¬ 
ing portion of w ool. The peculiar behaviour of 
wool in dyeing may possibly be explained by the 
assumption that most dye molecules are too 
large to enter the interraicellar 8})a(‘es from their 
aqueous solutions at low temperatures, but at 
higher tenijunatures the micelles are modified 
in such a way that cohesion between the 
chains is reduced and the dye molecides are 
then enabled to enter the resultant enlarged 
spaces. 

(r) Artificial Fibres.—This (;lass consists 
mainly of the rayons or artificial silks, the so- 
called artificial w^ools, the best knowm ol which 
is Lanital^ and a few' other fibres, e.q. spun glass, 
slag wool, etc., which are of little interest to the 
dyer. Also the remarkable new synthetic fibre 
termed nylon. 

Rayons or Artificial Silks. —These are now' 
dyed and printed extensively. Three varieties 
are well knowm in commerce, viz. viscose rayon, 
cuprammonium rayon and cellulose acetate 
rayon. All varicti(‘S are sold uruler ])roprietary 
names. I’liey are produced from cellulose, 
e.g. bleached cotton linters, or bleached sulphite 
wood pulp or mixtures of the tw^o. The 
manufacture of all varieties involves initial 
sw'i^lling of the fibre substance, followed by 
conversion cither into (1) a ci^llulose derivative, 
e.g. (a) cellulose xanthate in the case of viscose 
rayon or (6) cellulose acetate in the case of 
celhdose acjetate rayon; or (2) a dispersion 
(probably a fine suspension) of cellulose in 
cuprammonium. A filtered aqueous viscous 
solution of {a) or an aqueous dispersion of (2) is 
then forced through fine orifices, termed spinne- 
rettes, into acid and into water respectively, 
wdiereby a modification of the original cellulose 
is regenerated. The filaments are formed in 
continuous lengths in the coagulating baths 
and are collected in various ways, and 
twisted into hanks or skeins of yarn. Sub¬ 
sequent treatment consists of washing with 
water to remove acid, etc. (viscose process), and 
treatment with acid to remove copper 
(cuprammonium process), followed by removal 
of finely divided deposit of sulphur (viscose 
process), washing, bleaching with very dilute 
sodium hypochlorite solution, washing, soaping 
and drying. Thase two rayons, therefore, are 
produced by the so-called wet-coagulation 
process ; they are often termed “ regenerated 
cellulose ” rayons. Instead of winding the 
threads of viscose rayon from the raw “ cakes,” 
in which they are collected on the spinning 
machines, into skeins before further treatment, 
the present tendency is to conduct all post¬ 
spinning wet treatments, e.g. washing, de¬ 
sulphurising, bleaching, etc., while the material 
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is in the form of cakes. In (b) the cellulose 
acetate is dissolved in an organic solvent, chiefly 
acetone, filtered, and the solution forced through 
orifices at the top of a tall, narrow chamber or 
cell down whicli it descends and meets an 
ascending current of liot air. The acetone, 
therefore, is c^arried away by the air current and 
recovered, whilst the cellulose acetate, now in 
the form of a continuouH semi-transparent 
filament, is directed to the bottom of the 
chamber, where it emerges continually along 
w’ith a delini1.<’! number of otlier filaments, passers 
over a grid, and then to a special cap-spinning 
machine, where the necessary tw'ist is introduced 
to (constitute the threads of commerce; no 
further treatment is needed. The fineness of the 
filaments is expressed in deniers. fl’ho inter¬ 
national denier count -mass i]i g. of 9,000 m. 
Thus, the term “ 0.5 denier rayon ” means that 
9,000 m. weigh 0.5 g., whilst the t(Tm “ 1,50/30 
denier ” means that the yarn is composed of 
30 filaments each of which has a denier of 150. 

Staple Fibre. —in addition to filament yarn, 
which is dyed on a large scale in various forms, 
a typo of rayon known as staple fibre has been 
introduced during the last few years. This is 
made by cutting autojnati(>ally a rope of very 
fine filaments, wfliich is deliverced from the 
spinning machine on endless bands, into short 
lengths of from IJ to 8 in. in length. A spinning 
noz/de provided with 1,.500 holes, each giving a 
filament of 3-5 deniers, yields 1 lb. of material 
in about II minutes, compared with a time of 
C hours 40 minutes refpnred to i)roduce 1 lb. of 
150/40 denier ordinary filament yarn at a 
spinning speed of 72 yards j)er minute. The 
material is purified in the ordinary way. fl’he 
fibres of 1^ in. in length are spun into yarn by 
the cotton process and the longer fibres by the 
worsted process. Staple fibre ])rodu(’ed from 
cellulose acetate is also in commerce. Perhaps 
the most characteristic prof)erty of regenerated 
cellulose rayon from the dyer’s standpoint is its 
weakness, compared with cotton, when wcH. 
Also it has a low elasticity figure, and when 
stretched in a dry state beyond this figure, it 
remains permanently e]ongat(al. Its affinity for 
dyes is greater than that of cotton and mercerised 
cotton. The micellar configuration of this rayon 
is supposed to be similar to that of cotton, 
although in ordinary spun rayon it is believed 
that the micelles are arranged more at random 
than in the case of cotton ; better orientation 
is obtained by stretching the filaments either 
during or after spinning. As is to be expected, 
swelling agents and other reagents affect rayon 
more quickly than cotton. It is probable that, 
in this case, the swelling effect is caused partly 
by penetration of the agent into the micelles, 
i.e. it is partly an intramicellar effect, whereby 
the molecular chains are forced apart. Dye 
particles penetrate the material wuth great 
readiness. 

Mechanically Modified Rayons. —Increased 
tenacity of rayons, in both the dry and wet 
states, is obtained by subjecting the filaments 
to strain during spinning. Products of this type 
appear to be represented by the “ strong ” 
commercial brands made now from viscose and 
cellulose acetate; also staple fibre made from 


such filaments is stronger than normal staple 
fibre. Some success has been achieved in the 
production of crimped and voluminous viscose 
and cuprammonium rayons, especially for use 
as substitutes for wool. Hollow filament rayon 
has been in use for many years. 

Rayons with Affinity for Acid (Wool) Dyes .— 
A great deal of attention has been paid in recent 
years to the use of spinning masses containing 
dispersions of proteins or nitrogenous bases, 
e.g. casein, ethyleneiraine polymers, etc., in order 
to obtain, on H])inning, so-called anirnahsed ’ 
rayon having an affinity for acid dyes. Much 
experimental work has also been done on the 
use of basic synthetic resins both as additions 
to the spinning masses or, in the form of their 
constituents, as treatment agents for ready* 
formed rayon filaments. As is to be expected, 
Hindi “ animalised ” fibres dye more readily 
than wool with a(iid dyes, and already a certain 
amount of progress has been made in their large- 
H(;ale jiroduction. 

Casein Fibres. —The best known representa¬ 
tive of this class is Lanital; it is 100% casein 
fibre, and is made by forcing an alkaline dis¬ 
persion of casein through orifices into an acid 
coagulating bath, followed by w^ashing, treating 
wdth formaldehyde and cutting the “ ropes ” 
of filaments into short lengths (staple fibres). 
Finally, the material is carded and spun into 
yarn on the usual machinery. Casein fibrc‘8 are 
being used as a wool substitute, especially 
in totalitarian countries. The dyeing of casein 
fibre-wool union fabrics is hkely to load 
to complications owing to the greater affinity 
of casein fibres for w^ool dyes, but more parti¬ 
cularly in connection wdth their low resistance to 
the strains imposed in wct-pro(‘essing, especially 
at elevated temperatures. 

Nylon. —This term is a])plied to a new 
synthetic product from which textile filaments 
of outstanding physical and cluunical properties 
can be juade (J. Soe. Dyers and Col. 1939, 55 , 
32). The discovery of nylon marks a new 
departure in the search for “ spinning ” masses, 
because, hitherto, cellulose in one form or 
another has always been used as the starting- 
point in the manufacture of such materials. 
Nylon filaments arc prepared from condensates 
obtained by heating certain aliphatic di- 
carboxylic acids, e.g. adipic acid, with long- 
chain diamines, e.g. pontamethylenediamine. 
The product of such a reaction is melted at 
above 20()''C., and forced under a pressure head 
of nitrogen through (orifices of about 0*5 mm. 
diameter, and the extruded filaments collected 
on a revolving drum; they are immediately 
cold-drawn by winding them on to another drum. 
A third drawing-out (winding on to a drum) 
gives exceptionally fine filaments having re¬ 
markable properties as regards strength, 
elasticity and resistance to moisture, solvents 
and chemical reagents. The new material is 
the result of many years’ research work carried 
out by the chemists of E, I. du Pont de Nemours 
& Co., C.S.A. (B.P. 461236 and 461237). 
It is not anticipated that any pronounced 
difficulty will arise in colouring nylon with 
synthetic dyes. According to White (J. Soc. 
Dyer^ «^nd Cof. 1939, 66, 409), dyes now used 
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for cellulose acetate rayon present the readiest 
means of colouring nylon in shades of reasonable 
fastness to washing and light. Where higher 
fastness requirements are necessary, the anthra- 
quinonoid acid dyes are indicated, and for 
extremely fast colours, vat and Soledon dyes 
will need to be used. 

II.— Colouring Matters. 

The colouring matters used in modem dyeing 
processes may be classified as (A) natural dyes, 
(B) synthetic dyes and (C) mineral pigments, 
but it is probable that the members of groups 
(A) and (C) do not account for more than 1% 
of the total consumption of colouring matters in 
the textile industries at the present time. The 
following dyes from group (A) are used to a 
moderate extent: 

Logwood .—This is a true mordant dye. It is 
employed in dyeing Logwood Blacks on wool 
and silk, and to a limited extent on cotton and 
linen, in conjunction with iron and chromium 
salts. The colouring matter present in the wood 
is termed Hssmatein and contains a quinonoid 
ring in which a hydroxyl group is contiguous 
to a carbonyl group, as— 


HO 



The best known commercial form of the colour¬ 
ing matter is termed Hematine Crystals; it is 
available in different brands which differ in the 
actual content of fully and partly oxidised 
colouring matter. The latter type is more 
suitable for dyeing on wool which has been 
boiled (mordanted) in a dilute solution of 
sodium bichromate with or without the addition 
of sulphuric acid. 

Catechu and Gulch .—^These are used in 
dyeing certain kinds of cotton goods. The 
latter are boiled in a strong solution of the dye, 
squeezed and passed into a boiling sodium 
dichromate solution containing a little copper 
sulphate. The shades exhibit exceptional fast¬ 
ness to light and general atmospheric influences. 

Cochineal .—^It is noteworthy that scarlet 
shades are occasionally dyed with cochineal on 
certain types of wool fabrics ; the so-caUed 
single-bath process is used, i.e, a process in 
which a decoction of the dye, the mordant (a 
salt of tin) and an assistant, e.g. oxalic acid, 
are present in the dye liquor at one and the same 
time. 

Fustic ,—^YeUow and khaki shades in con¬ 
junction with chromium and/or copper are given 
by this dye. Its chief use is in wool dyeing. 

Other natural materials used occasionally 
either for dyeing puiyoses or for some other 
spedfio purpose in the dyeing industry are; 


Madder^ which is used as an addition to the 
fermentation Indigo vat; Barwood, which is 
used in a few cases for imparting a reddish-brown 
colour to wool before the latter is dyed with 
Indigo for a particular specification ; Quercitron 
Baric, etc. 

Dyes under (C) are represented mainly by the 
khaki dyeings on cotton obtained by the use of 
mixtures of iron and chromium salts; also a few 
others, e.g. Chrome Yellows and Oranges, 
Manganese Bronze, etc. As a rule, the con¬ 
tinued use of old methods of colouring textiles 
is due either to certain specific requirements 
or to definite specifications in Government and 
other contracts. For example, the scarlet tin 
lake of cochineal {see above) is still produced on 
certain types of army and hunting cloths. 
It is notable that, with a few exceptions, 
natural dyes are only of use in dyeing or printing 
when produced on the fibre in combination with 
metals, i.e. as metallic lakes. (B) This class is 
of paramount importance in aU kinds of colour¬ 
ing processes. The chief groups are indicated 
in the general classification given below. 

Classification of Dyes. 

Colouring matters may be classified from a 
dyeing standpoint as (1) acid dyes; (2) azoic 
dyes; (3) basic dyes ; (4) direct, substantive 
or salt dyes; (5) dyes for cellulose acetate 

rayon; (6) dyes produced by oxidation ; ( 7 ) 
mineral pigments; (8) mordant and acid-mor¬ 
dant dyes ; (9) sulphur dyes ; and (10) vat 
dyes and sulphuric esters of leuco-vat dyes. 

(1) Acid Dyes,—The members of this class 
are the most important of aU dyes for colouring 
protein fibres, especiaUy wool. They invariably 
contain strong polar groups, e.g. the sulphonic 
group, etc. The majority are azo compounds, 
but members are to be found in several of 
the other chemical classes of dyes. Some of 
the fastest and also the least soluble of the 
acid dyes belong to the anthraquinonoid class. 
Acid dyes are sent into commerce in the form of 
their sodium salts. They are usually applied 
from boiling baths to protein fibres in presence 
of a little acid, although a few members of the 
series can be applied from a neutral bath. The 
fastness properties of the resultant shades 
depend on the particular dye or dyes used, but 
it is possible now to satisfy many important 
modern requirements of wool dyeings by the use 
of members of this class. Acid dyes have very 
little affinity for cellulose fibres, but they are 
occasionally applied to these fibres either 
directly, when they give fugitives shades to 
washing, etc., or by special processes designed to 
give fairly satisfactory effects. 

(2) Azoic (Water-Insoluble Azo) Dyes.— 
These are produced directly on the fibre from 
their components ; they are monoazo com¬ 
pounds. The earliest t^es were produced by 
coupling /3-naphthol with suitable diazo-salt 
solutions, e.g. those from p-nitroaniHne, a- 
naphthylamine, etc. j3-Naphthol has been 
displaced almost completely by the products 
obtained by condensation of j8-hydroxynaphthoio 
acid with various aromatic amino-compounds ; 
these are termed Brenthols, Naphtols^ etc. 
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Azoic dyeings produced in this way now rank 
amongst the most important of the fast colour 
ranges for cotton, linen and viscose rayon. 
Unless dyed properly, the shades are apt to rub. 
Azoic dyes have only a limited use in the 
dyeing of cellulose acetate rayon and wool. The 
shades on cellulose fibres are of exceptional 
brilliance and solidity and, in many cases, 
they withstand a bleaching process, including 
scouring and hypochlorite treatments. Cotton 
yarns dyed with azoic dyes, for example, are 
often woven together with unbleached cotton 
yams, and the cloth bleached subsequently. 

(3) Basic Dyes.—These are salts, usually 
hydrochlorides, of complex aromatic amino- and 
substituted amino-compounds. Basic dyes are 
powerful colouring agents ; most of them, in 
solution, stain every fibrous material, but the 
colours are more or less fugitive to light. They 
give faster shades on cellulosic materials if the 
latter are mordanted first with antimony, 
tin or iron tannate, or with one of the so-called 
synthetic mordants. Basic dyes have lost a 
great deal of their early importance in dyeing 
and printing, owir\g, in most cases, to their poor 
fastness jjroperties. They are seldom used for 
dyeing animal fibres. If used, liowever, on 
these fibres, it is best to apply tliem from a weak 
acetic acid bath. Cotton, etc., which has already 
been dyed with members of other classes of dyes 
is sometimes “ topped ” with a basic dye in 
order to brighten the shade. Basic dyes can be 
apphed to jute directly. 

(4) Direct, Substantive or Salt Dyes.— 
These are used largely for dyeing all kinds of 
cellulosic fibres from a neutral or alkaline bath. 
Their full colour value, when used for cotton, 
is only obtained by addition of common or 
Glauber’s salt to the dyebath. Some members 
are used for dyeing wool from a neutral or very 
weak acetic acid bath, whilst they find con¬ 
siderable application in the dyeing of silk from a 
neutral or soap bath ; neutral baths used for 
dyeing wool and silk may be exhausted by 
addition of a little acetic acid. Direct cotton 
dyes are related to acid dyes in chemical con¬ 
stitution ; the majority are sodium sulphonates 
of complex azo-, disazo- and trisazo-, etc., 
compounds. They are absorbed by cellulosic 
fibres as their sodium salts, whereas acid dyes 
are “ taken up ” by animal fibres as dye acids. 
Many modern members of the series have very 
good fastness to light, etc., e.g. Chlorantine Fast, 
Chlorazol Fast, Sirius Supra, Diazo Fast, 
Diphenyl Fast, Solophenyl Fast, etc., dyes. 
Certain other members can bo rendered faster 
to light, washing, etc., by after-treatment 
of their dyeings with copper salts, sodium bi¬ 
chromate, formaldehyde, etc., whilst those 
members which contain amino-groups enable 
dyeings to be diazotised and then developed with 
j8-naphthol, diamines, etc. A few members of 
the series contain copper as part of the molecular 
complex. 

(5) Dyes for Cellulose Acetate Rayon.— 
Two main classes of dyes from the dyer’s stand¬ 
point are available, viz. those which are sent 
out as dry powders mixed with dispersing 
agents or as very fine suspensions in water and 
soluble oil, and those which are soluble in 


water. They are derived from a wide variety of 
organic compounds, but it is highly probable 
that those dyes most generally used are of the 
substituted anthraquinonoid and azo types 
respectively. The most satisfactory dyes for 
cellulose acetate rayon do not contain strong acid 
groups, e.g. — SOgH, hence their insolubility 
in water, but a few dyes containing the 
—COOH group have been found to be satis¬ 
factory. Hitherto, members of the soluble 
class of dyes for cellulose acetate rayon have not 
given very satisfactory results, especially as 
regards fastness properties, although an interest¬ 
ing advance in the technique of manufactur¬ 
ing dyes of this type has been made recently 
by Imperial Chemical Industries, Ltd., and 
A. H. Knight (B.P. 441089), who convert 
the hydroxyl groups of phenolic end-components 
of certain types of azo dyes into sulphuric 
esters. 

(6) Dyes Produced by Oxidation. —The 
most important member of this class is Aniline 
Black, which is usually produced on cellulose 
fibres by the oxidation of anihne hydro¬ 
chloride with sodium chlorate in presence of a 
suitable carrier of oxygon, e.g. copper sulphate, 
sodium ferrocyanide, etc. Other colours of this 
class are produced by the oxidation of amino- 
phenols, diamines, etc. ; these are used chiefly 
ill fur dyeing. 

(7) Mineral Pigments. —Very few repre¬ 
sentatives of this class are used now for colour¬ 
ing textiles, although khaki shades obtained 
on cotton with mixtures of chromium and 
iron mordants, e.g. chromium acetate and pyro- 
lignite of iron, are still of considerable import¬ 
ance. 

(8) Mordant and Acid-Mordant Dyes.— 
G. T. Morgan and J. D. Main Smith (J. Soc. 
Dyers and Col. 1925, 41, 238) classify all dyes 
which are capable of forming insoluble coloured 
lakes with certain metals as mordant dyes, 
whether development of the lake takes place 
concurrently with, or subsequent to, dyeing. 
Further, these authors define true mordant 
dyes as those colouring matters which form 
metallic dye lakes directly, i.e. without pre¬ 
liminary oxidation. In this article, two groups 
are distinguished, viz. mordant and acid- 
mordant dyes. The former contain only very 
weak “ solubilising ” groups, e.g. hydroxyl 
groups, and cannot usually be applied first 
from an acid bath followed by conversion of the 
“ dyeing ” into a metallic lake. Members of the 
latter group can, however, be appfied in this 
way ; they usually contain strong “ solubilising” 
groups, e.g. sulphonio or carboxyl groups. 
Mordant dyes rank amongst the oldest dyes 
used by mankind for colouring purposes. Most 
of the organic natural colouring matters belong 
to this category. The first synthetic mordant 
dye, viz. Alizarin, was the forerunner of 
numerous other dyes belonging to the same series, 
and at one time the term “ alizarin-dyed ” was 
synonymous in the wool trade with the best 
possible fastness properties, and even to-day 
the term is used in a similar sense. A true 
mordant dye may be defined as a complex 
aromatic organic compound which, while ex¬ 
hibiting no attractive or utilitarian colour 
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effects when used as a stain, nevertheless 
possesses the property of cfombining with 
certain metal ions to form exceptionally fast 
and more or leas highly insoluble coloured lakes. 
The lakes of specific dyes with difl’crent metals 
often vary in colour very considerably. I’hus, 
the aluminium, chromium and iron lakes of 
Alizarin are red, maroon and virilet respec¬ 
tively. This variation in colour with different 
mordants, however, is not so pronounced with 
many of the other mordant dyes as it is with 
Alizarin and a few closely related dv^es. Some 
of the early mordant dy(\s contained mildly 
acidic hydroxyl groups, and so waMC rjot very 
soluble in water ; Iumicc, although they were 
not satisfactory fiorn the wool dyer’s stand¬ 
point, they proved to be vtny ustdul in cali<*o- 
printing. Subsequently, sodium bisulj)hite 
addition products were introducc'd in ccrtaifi 
cases to overcome tlie difficulty, and finally, 
earlier work by the Englishman, Ni(*holson, 
paved the way fur the introduction of a con¬ 
siderable number of readily solubU? products by 
the direct Hul])honatioT) of the insoluble dy(‘s. 
Apart from Alizarin, very few of tbc earlier 
mordant dyes are used now in dy(‘ing, and the 
bisulphite compounds appear to be more or less 
obsolett'. Although the original nuunbers of th<* 
series were derived from Alizarin and other 
polyhydroxvanthraquinones, the modern list 
includes members of different chemical classes, 
but most of them appear to be more suitable 
for use in calico-printing than in dyeing (.sec 
Textile-Printing). 

Acid’Mordant Dye.s .—One of tbc most 
outstanding events in the history of the synthetic 
dye industry was the discovery that many 
insoluble dyes could be converted into soluble 
derivatives by the process of suliihonation ; 
this discovery was made by Nicholson, in 
London, in 1862. Its importance in the rapid 
development of the industry, especially in 
conjunction with Griess’s work on the diazo¬ 
compounds, is generally overlooked in histories 
of the industry. It is safe to say, however, 
that its obvious application in the preparation 
of naphthol and naphthylarnine sulphonic acids 
had a most profound effect in the rapid })rogress 
made in the manufacture of soluble azo dyes. 
In this connection, it was found between 1880 and 
1890 that certain sulphonated rnonohydroxyazo 
dyes, i.e. acid dyes, w'cre capable of forming fast 
lakes with some metallic salts; for example, 
they could be dyed on wool which had been 
mordanted with chromium, aluminium, etc., or 
could bo printed on cotton in conjunction with a 
mordant. At a later stage it was discovered 
that many dyes of this type could be dyed on 
wool from an acid bath and a complex of dye 
and metal, i.e. a lake, developed by sub¬ 
sequent treatment of the dyed material with a 
suitable metallic salt solution, especially a 
diohromate (hence the name acid-mordant or 
chrome dyes). Since the period mentioned, a 
large range of azo dyes especially suitable 
for this dichrornate process has been discovered, 
and the members have acquired such a pro¬ 
minent position in the dyeing of wool that the 
old practice of mordanting, followed by dyeing 
in a separate bath, is almost obsolete. The 


term “ mordanting ” is rarely applied in practice 
to a process in which the fibre is dyed first 
and the dyeing then developed with sodium 
dichromate. At one period this tn'atment was 
termed “ saddening,” but now it is generally 
termed “ chroming ” in modern dyeing prac¬ 
tice. 

Many ac*id-mordant dyi^s are suitable also for 
printing cotton, wool and silk. It is widely 
recognised now^ that the prt)pcrty possessed by 
many dyes, especially mordant and acid- 
mordant dyes, of forming metallic lak(*s is duo 
maiidy to the presence of onc‘ of the following 
configurations (Morgan, d. Soc. Dyers and 
(k)l. 1921, 37, 4(> ; Morgan and Smith, ihid. 
1925,41,23.3); (a) one liyd n )xy 1 group contiguous 
to the carbonyl group of a (juinonoid ring as in 
11a ‘mat(‘in, the colouring matttT of Logwa)od 
(.s-cc ]). 126) ; (/>) tw'o hydi-oxyl groups in con¬ 
tiguous o- or perZ-positions (one of wdiich is 
adjacent to an azo group as in the chromotrope 
dyes ; ifi the latttu- cases, oxidatioji prcced(‘slake 
formation ; (r), as (/>), but one hydroxyl group is 
contiguous to the carbonyl group of an anthra- 
quinonoid ring as iij tin* Irucs alizarin dyes; 
(d) tw'o hydroxyl groups in y>cr/-])ositions, 
each of which is contigmms to the same azo¬ 
radical, e.g. Diamond Black PV ; in cases of this 
kind, oxkiation to a (]uinonoid form accompanies 
lake formation ; (c) one amino and one hydroxyl 
group, each of which is contiguous to an azo 
group as in IVletachrome .Browm B ; (/) one 
hydroxyl group contiguous to an azo group as 
in Carmoisiii(‘; oxidation is ncculed here as in 
(d) to develop the dye lake in quinonoid form; 
(g) one hydroxyl contiguous to a carboxyl 
group, as in one of the first acid-mordant 
dyes discovered, viz. Chrome Ytdlow 2G 
(p-nitroaniline -> salicylic acid). Sodium di¬ 
chromate is now the universal developing agent 
for the majority of acid-mordant dyes. Some of 
the dyes need to be oxidised, as indicated above, 
before lake formation takes plac(‘. Hence, the 
activity of the chrome bath, i.e. sodium di- 
chromate and acid, apart from its lake-forming 
property, has to be controlled by the experien(!ed 
dyer according to the structure of the particular 
dye which is to be converted into its chromium 
compound (.see Wool Dyeing, p. 139). The 
lakes formed from acid-mordant dyes with other 
metals arc of little importance in modern dyeing. 
A few members of the group are dyed as copper 
lakes. The latest development in this branch 
of dye chemistry is the manufacture of soluble 
dyes in which chromium is actually part of the 
soluble dye complex. 

(9) Sulphur Dyes.—These are very impor¬ 
tant dyes for cotton. World consumption of 
Sulphur Black is probably greater than that of 
any other synthetic dye. A fairly good range 
of shades, apart from reds, is available. Sulphur 
dyes are insoluble in water, but are easily 
reduced to soluble leuco-forms by sodium 
sulphide. They are applied to cotton in this 
form, generally in presence of common salt. 
Sulphur dyes are made by fusing a wide variety 
of organic raw materials with sulphur and 
poly sulphides. They have complex chemical 
structures. It is considered that they contain 
thiazine and/or thiazol groups, and in some 
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cases, e.g. Sulphur Black, thioxonium rings may 
be present (Fierz-David, J. Soc. Dyers and 
Col. 1935, 51, 54). Some members contain the 
anthraquone nucleus and are included amongst 
the anthraquinonoid vat dyes. Many members 
of the class, especially the blacks made by the 
thionation of polynitrophenols, give shades of 
excellent depth and fastness to boiling acids, 
alkalis and light. Most of them, however, 
are sensitive to hypochlorites. 

Certain black sulphur dyes, known as Indo- 
carbons, are distinguished from ordinary 
Sulphur Black by their good fastness to chlorine; 
they are made by the thionation of carbazole- 
indophenol. 

(10) Vat Dyes and their Derivatives.— 
The term “ vat dye ” apj)ear 8 to have originated 
from the age-long practice of preparing the dye 
liquor and carrying on the main part of the 
dyeing process in a vat, tank, tub, etc. It has 
been known for thousands of years that the only 
really satisfactory way of using natural Indigo 
as a dye for fibres is first to subject it, in a 
suitable vessel, to a long fermenting process 
through the media of putrefying organic 
materials in presence of a mild alkali. In 
this process, the insoluble pigment is converted 
into a reduction product or leuco-compound 
which is soluble in alkali and penetrates, more 
or less readily, the fibrous materials to be dyed ; 
on subsequent exposure of these “ dyed ” 
materials to air, the original insoluble pigment is 
reformed, i.e, the leuco-compound is readily 
converted, in presence of air or oxygen, into the 
original coloured insoluble dye. This operation 
of reducing a vat dye to a soluble form is termed 
“ vatting,” whilst the products obtained by the 
use of different reducing agents are termed 
“ vats ” as well as the vessels in which dyeing 
is usually carried out ; an adjectival prefix is 
used to indicate the nature of the reducing agent 
employed in setting a vat, e.g. hydrosulxihite 
vat, fermentation vat, etc. Vatting, i.e. pre¬ 
paration of vats, is carried out now in a 
simple manner comi)ared with the primitive 
methods of the past. This improvement is due 
to the introduction of the compound technically 
known as sodium hydrosulphito (N 328204 ). 
The molecules of vat dyes contain carbon doubly 
linked to oxygen; these quinone groups are, 
in general, easily reduced. Thus— 

O OH 

II I 

c c 

/'X /V 

whereby salt formation is rendered possible. 
This change accounts for the fact that insoluble 
vat dyes yield colloidal solutions in presence of 
caustic soda and suitable reducing agents. 

Vat dyes are not easily classified from the 
chemical standpoint. Perhaps the simplest 
method is to classify them as ( 1 ) indigoid vat 
dyes and ( 2 ) anthraquinonoid vat dyes. The 
latter class includes many very important pro¬ 
ducts made directly from derivatives of anthra- 
quinone, and also a series of dyes of the multi- 
nuclear diquinone types which consist mainly of 
substitution products of more or less complicated 
homocyclic and heterocyclic ring systems pre- 
VoL. IV.~-9 


pared by condensation or ring closure of poly- 
benzenoid compounds. The progress made in 
this branch of dye chemistry during the last '20 
years has resulted in the production of some most 
remarkable ring structures ; one instance, de¬ 
scribed by Scholl ct al. (Annalen, 1932, 494, 206), 
is the production of a hydrocarbon containing 
seven benzene rings fused together in perfect sym¬ 
metry. Some of the chemical names given to 
condensed structures of the types which are 
suitable as intermediates for making vat dyes 
are : anthrimides, naphthoyleneiminazoles, benz- 
anthrone, dibenzanthrono, anthanthrones, etc. 
In addition to the two main classes of vat dyes, 
a few dyes belonging to other chemical groups 
are in use. Perhaps the most important are 
the Hydron Blues, obtained by thionation of 
N-alkyl- or chloro-N-alkyl car bazolo leuco- 
indophenol and alhed compounds. 

Vat Dye Derivatives .—Indigo is converted 
easily into a sulphonic acid known in the form 
of its alkali salts as Indigo Extract or Indigo 
Carmine. It is, of course, an acid dye, but it is 
now of very little importance for colouring 
textiles. 

A very important group of soluble derivatives 
is represented by the sodium salts of the 
disulphuric esters of the leuco-vat dyes. 
They are known in commerce as Indigosol, 
Soledon, etc., dyes. The first member of the 
series, viz. Indigosol 0, was discovered by 
Sunder and Bader. The introduction of these 
dyes has simplified considerably the production 
of very fast colour effects on many edasses of 
fibrous material. They have a pronounced 
affinity for wool when dyed from a weakly acid 
bath and are converted into the corresponding 
vat dyes from which they have been prepared, 
by a wet process, apx)arently of the hydrolytic- 
oxidising type, in which an oxidising agent and 
an acid are the active agents. A clear explana¬ 
tion, however, of the course of the reaction is 
still awaited. These products are invaluable for 
the production of delicate shades of extreme 
fastness on fine Botany wool and are used 
largely in caheo-printing. As a rule, they are too 
expensive to be used for heavy shades. They 
can be applied to all fibres. 

III.— Chemicals Used as Assistants. 

This group includes a large number of chemical 
agents, including a few mordants, of a widely 
varying nature. Some of them are used to slow 
down the dyeing process, e.g. Glauber’s salt in 
dyeing acid dyes on wool, whilst others are 
used to accelerate the process, e.g. common salt 
in dyeing direct dyes on cotton. Reducing 
agents, e.g. sodium hydrosulphite, oxidising 
agents, e.g. sodium chlorate, acids and alkalis, 
are important chemicals. Sodium nitrite is 
used to a large extent in the diazotising process 
and occasionally as an oxidising agent. Metallic 
mordants, apart from sodium dichromato in 
wool dyeing, and aluminium sulphate and 
antimony tannate in cotton dyeing, are of little 
importance now in textile dyeing processes. 
Chemicals used as special aids in dyeing fibrous 
materials, e.g. fibre-wetting, -penetrating, 
-bleaching, -softening, etc., agents, and dye- 
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dispersing and -levelling agents are usually 
included under the term Textile Wet-Processing 
Auxiliary Agents. 

DYEING MACHINES. 

Modem dyeing machinery for all classes of 
fibrous materials is designed and built with the 
object of providing means whereby a particular 
form of fibrous material can be coloured 
efficiently with duo regard to the conservation of 
dyes, chemicals, steam and water. The whole of 
the material to be dyed needs to be brought into 
intimate and uniform contact with the dye 
liquor during the dyeing process. This is 
achieved either by (a) keeping the fibrous 
material stationary, or almost stationary in 
some cases, while the dye liquor is circulated 
through it by means of a pump or propeller; 
machines of this kind are often termed “ pack ” 
machines. Movement of the liquor may also be 
effected by bubbling air through it, whilst 
ebullition of the liquor may be induced at a 
lower temperature than 100°C. by using a 
vessel in which a partial vacuum can be 
produced ; or (b) by causing the fibrous 
material to travel continuously or semi-con- 
tinuously through the dye liquor with or without 
an intermittent passage in air. In this case, the 
liquor is agitated to a certain extent by the move¬ 
ment of the material and also by the action of 
direct steam generally used for raising the tem¬ 
perature of the liquor to boiling-point, when gentle 
ebullition is commonly allowed to continue until 
the process is completed. In certain cases, e.g. 
dyeing with vat dyes, agitation of the dye 
liquor is reduced to a minimum, whilst the 
surface area of the liquor exposed to air should 
be as small as possible. Some of the best 
known machines under ( 6 ) are termed jigs 
(for cotton and certain kinds of rayon cloths 
in open width); winch machines (for cloth 
or knitted web in rope or open-width 
forms); and the Hussong and Klauder-Weldon 
types of machine (chiefly for yam in hank 
form). 

As regards the materials of construction, 
certain types of iron are still satisfactory for 
dyeing cotton in alkaline baths, and enamelled 
iron is largely used in the construction of the 
fibre-container of many pack machines; Monel 
metal is more expensive, but far more satisfactory 
than iron for use under alkaline conditions. 
Stainless steel is very largely used as an inner 
lining to all kinds of dye vessels ; it gives very 
satisfactory results when used either with 
alkaline or acid liquors. The sheets of stainless 
steel are commonly supported by strongly made 
cradles of Columbian pine wood and the seams 
are electrically joined without overlap; the 
stainless steel now used is not subject to weld 
decay. Wooden dyeing vessels also are still of 
great importance in many branches of the 
dyeing industry ; compared with stainless steel 
structures, they are not so easily cleaned and it is 
usually necessary to keep special vessels for 
dark and pale shades, respectively. Bronze is 
used sometimes as a constructional material, 
as are also stoneware and vulcanite. Dye sticks 
for holding hanks of yam may be made of wood, 


Monel metal, enamelled iron, stainless steel, 
steel covered with rubber or with special 
lacquers, etc. 

Cotton Dyeing. 

Cotton is dyed in the loose state, as yam, and 
as woven cloth or knitted fabric. Yarn is dyed 
in various forms, e.g. as warp in the rope form 
(warp dyeing) ; wound evenly in sheet form 
on a perforated hollow metal cylinder or beam 
(beam dyeing) ; in the form of cops and cheeses 
(cop and cheese dyeing) ; and in hank form 
(hank dyeing). 

Preliminary Operations.— Grey cloth direct 
from the loom is sent to the dyer and finisher in 
lengths of about 60 yards, termed “ pieces,” or 
of about 120 yards, termed “ lumps.” They are 
stamped with identification marks and sewn 
end to end to form continuous lengths, and then, 
if necessary, passed in open-width form through 
a singeing machine in order to burn off the fine 
lateral hairs on the face and back of the cloth; 
next they are scoured by boiling them in kiers 
under pressure with caustic soda or soda 
carbonate, then rinsed well and, if necessary, 
bleached with bleaching powder solution (v. 
Bleaching). Yarn also is often scoured and 
bleached in a somewhat similar manner. In the 
case of loose raw cotton, which is to be dyed 
with sulphur dyes in presence of sodium sulphide, 
it is often found that the hydrolysis alkali from 
the latter is sufficiently strong to give a good 
scouring effect in the actual dyeing operation. 
Numerous modifications of normal pressure 
scouring practice are in use, but they are details 
which should be obvious to the well-trained 
chemist-dyer. In many castes, the goods are 
scoured in open vessels, especially when the 
material would be damaged if boiled under 
pressure or when the amount of goods to be 
treated is too small to be kier-boiled. 

Mercerising.—This preliminary operation is 
carried out on cloth with the object of (a) pro¬ 
ducing full swelling of the cotton fibre without 
imposing external mechanical strain on the 
material ; in this case, the cloth shrinks con¬ 
siderably and may be used in the manufacture 
of fabric gloves, etc. ; {b) causing a medium 
amount of swelling of the fibre with prevention 
of contraction, in order to increase its affinity for 
dyes and as a starting-point in the ultimate 
production of a special finished effect ; and (c) 
causing full swelling of the fibre and preventing 
contraction, so as to increase the natural 
lustre. In (a) and (c), 60°Tw. caustic soda 
solution is used, whilst in (6), 18-24®Tw. is usually 
satisfactory. In ( 6 ) and (c) mechanical devices 
are essential for preventing contraction of the 
cloth during treatment with caustic alkali and in 
the subsequent preliminary washing operation. 
Yam in hank and warp forms is also commonly 
mercerised. Alkali is removed by washing and 
acid treatment (souring). 

Dyeing.—The actual choice of dyes for colour¬ 
ing cotton goods is determined mainly by the 
fastness properties, etc., required by consumers 
as well as by special properties demanded during 
particular Wishing processes applied to the goodS 
subsequently ; the whole question is l^gely 
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linked up with problems of industrial economics. 
It is impossible to deal in this article with the 
numerous requirements respecting fastness and 
other properties which have to be met by the 
modem dyer. 

Application op Substantive Dyes. 

The older members of this series are chiefly 
diazo- or polyazo- compounds obtained from p- 
amino-derivatives of diphenyl, diaminostilbene, 
diaminodiphonylamine, diaminodiphenylurea, 
etc. A large number of modern dyes are 
derived from J-acid (2:5:7-aminonaphthol- 
sulphonic acid), or substituted J-acid compounds. 
Amongst these are the Rosanthrenes, Chlorazol 
Fast Scarlets, Diazo Brilliant Scarlets, Brilliant 
Fast Blues, etc. Other important dyes of this 
class are the products containing cyanuric links, 
e.g. Chlorantine Fast dyes. It is to be concluded 
that the direct affinity of these dyes for cellulosic 
fibres is due, in some measure, to the particular 
orientation of the bases from which they are 
derived. On the other hand, the sizes of the 
colloidal particles in the aqueous dispersions of 
the dyes at the best dyeing temperature appear 
to play a very important part in this particular 
phase of dyeing. 

Direct dyes are more widely used in dyeing 
cellulosic fibres than those of other classes, 
mainly because they are easily applied, are 
cheap, cover a very large range of shades and 
offer little difficulty in the final matching to 
shade. They vary greatly in fastness properties 
and are selected for a particular purpose in 
accordance with requirements. A very large 
amount of cotton is still dyed with members 
possessing little merit as regards fastness pro¬ 
perties, although several commercial ranges of 
direct dyes having good fastness properties 
are available now, e.g. Chlorazol Fast, Solar, 
Diphenyl Fast, Sulphenyl Fast, etc., dyes. The 
general method of application to cotton consists 
in bringing the material to be dyed into contact 
with a lukewarm or nearly boiling bath con¬ 
taining the requisite amount of dye, together 
with such assistants as may be deemed necessary. 
Tightly twisted goods are best wet out before 
entering them into the dye liquor; or penetrating 
agents may be added to the liquor. As a rule, 
the liquor-cotton ratio varies from about 
1:6 to 1 : 20, according to the nature of the 
material, e.g. loose cotton, yam, or woven or 
knitted material. Addition of alkaline salts, 
e.g. soda ash, disodium hydrogen phosphate, etc., 
to the liquor is beneficial in some cases, whilst 
from 10 to 30% common salt or Glauber’s salt 
may be added according to depth of shade, to 
promote exhaustion of dye. It is customary in 
many cases to use short dyebaths, i.e. as small a 
proportion of dye liquor to cotton as is feasible. 

After-treatment of Substantive Cotton Dyes .— 
Although various methods of treating dyeings 
to render them faster to light, washing, etc., are 
still in use, the modem cotton dyer generally 
desires to use dyes which give the desir^ results 
without any after-treatment whatever. The 
main principle underlying after-treatment 
processes usually involves an increase of the 
molecular weight of the dyes already on the fibre, 


or in the formation of a condensation or oxidation 
product, or a metallic lake. Hence, the usual 
effect is to produce a dyeing which is less soluble 
in water, and, therefore, faster to washing than 
the ordinary dyeing, whilst at the same time it 
usually exhibits increased fastness to light, 
alkalis, etc. An after-treatment with metallic 
salt solutions, e.g. 1-3% copper sulphate and 
2-3% acetic acid at 80°C. for 20 minutes, 
invariably causes an alteration in shade, but 
fastness to light is greatly improved, e.g. Benzo 
Copper dyes; fastness to washing also is 
improved. In some cases, equal amounts of 
sodium dichromate and copper sulphate give 
good results. An after-treatment with for¬ 
maldehyde is useful in a few specific cases. Some 
direct dyes containing copper and chromium in 
their molecules are available ; they are applied 
in the usual way, and matching of shades is no 
more difficult than with ordinary dyes. 

During recent years a novel and efficient 
method of making substantive dyeings fast to 
water, washing, etc., has been introduced. It 
is based on the recognition that most substantive 
dyes are colloidal electrolytes and that the 
coloured portion of a typical dye carries a 
negative charge. Consequently, if such a dye 
in situ on the fibre is brought into contact with a 
suitable complex electrolyte, interaction between 
the positively charged particles of the latter 
and the negatively charged particles of the dye 
results in the formation of a more or less in¬ 
soluble complex (treated dyeing) which resists 
the action of water, etc. In general, the now 
dye-fixing agents or cation-active compounds are 
derived from long-chain, cyclic and hetero¬ 
cyclic bases containing ter- and quinque- 
valent nitrogen, or quinquevalent phosphorus, 
or quadrivalent sulphur, e.g. oleyldiethylamino- 
ethylamide, pyridinium compounds, dialkyl- 
dodecyl sulphonium and phosphonium chlorides, 
etc. The products are known commercially as 
Fixanol (ICI), Sapamines (SCI), Solidogen B (IG), 
Sandofix (S), etc. Quaternary ammonium com¬ 
pounds of polyethylene-polyamines may also 
be used for fixing direct dyeings. The fixation 
process as applied to dyeings on cellulosic 
fibres is carried on simply by agitating them in 
dilute aqueous solutions of the new products 
for a few minutes, followed by rinsing in water. 
The treatment increases the fastness of the 
dyeings to water, perspiration, acids, wet rubbing 
and damp hot pressing. Other methods of 
treatment suitable for increasing the washing, 
etc., fastness of direct dyeings can only be 
applied to specific types of dyes. The best 
known treatments are: 

Diazotising and Developing Process. —This 
method is suitable only in the cases of dyes 
containing primary aromatic amino-groups. 
It is carried out as follows—The dyed goods are 
rinsed and treated in a cold liquor containing 
2-3% sodium nitrite and 6-9% of 32°Tw. hydro¬ 
chloric acid on the weight of the goods for 16 
minutes. They are then rinsed well and passed 
into a developing bath consisting of a 6-10% 
^-naphthol solution containing 40-80 parts 
77®Tw. caustic soda per litre, or a 4-7% resorcinol 
solution containing 80-140 parts 77°Tw. caustic 
soda per litre, or a 5-8% solution m-tolylene* 
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diamine solution in 5-10% soda ash solution ; 
other developers also may be used. The goods 
are developed for 15-20 minutes, rinsed well, 
treated in a warm soap solution, rinsed, squeezed 
and dried. 

Coupling Process .—In this method, the dyed 
goods are treated, for ^ hour, in a cold diazotised 
p-nitroaniline solution (equivalent to 5 j)arts 
base in 1,000 parts liquor) which has been 
freed from mineral acid by addition of sodium 
acetate. This treatment increases the fastness of 
the dyeings to washing, milling and cross-dyeing. 

Application of Basic Dyes. 

The members of this class exhibit the highest 
comparative colouring power of all synthetic 
dyes and give shades of remarkable depth and 
attractiveness on cellulosic materials. Unfor¬ 
tunately, however, they are not very fast to 
light or washing. They give the fastest shades 
when applied to cellulose libres which have been 
mordanted previously with antimony tannatc. 
Modern substitutes for this mordant have been 
introduced, e.g. Katanols, Thiotans, Mordant 
iSAPC, etc., but, except in a few cases, they have 
not succeeded in displacing the older process. 
In mordanting cotton for the aiiplication of basic 
dyes, it is first treated with a hot or boiling 
solution of tannic acid for | hour or more and 
squeezed or hydro-extracted evenly ; it is then 
entered into a lukewarm bath containing an 
amount of tartar emetic equal to half the tannic 
acid used in the lirst bath, and after about 
10-15 minutes it is washed well, and is then 
ready for dyeing. In the case of dark shades, 
pyrolignite of iron may be used in place of tartar 
emetic. Dyeing is started cold in presence of 
acetic acid, and the temperature raised slowly 
to about 80°C., when the dyebath should be 
exhausted. Increased fastness to washing is 
obtained by treating the dyeings in a partly 
exhausted tannic acid bath (back-tanning), 
whilst increased fastness to light is obtained 
by treating the dyeing (on usual mordant) 
with 2% Auxamine B in presence of a little 
acetic acid and common salt. Auxamine B is 
probably a reduction product of the series 
(oW03-fiMo03)P205,3H20 (where a-f6-18 
or 24). Lakes of considerable brightness 
and fastness to light containing a phospho- 
molybdcnum-tungsten complex can be made 
from certain basic and acid dyes. The com¬ 
mercial Fanal dyes are the outcome of the above 
discoveries. Acronal Green BS is said to be 
more resistant to alkalis and washing than the 
ordinary basic greens. 

Application of Sulphur Dyes .—These are 
insoluble in water, but yield alkali-soluble 
derivatives in presence of reducing agents, 
e.g. sodium sulphide or sodium hydrosulphite. 
The absorbed reduction product is oxidised, 
or reverts, to the original dye, after the 
dyeing process, in a somewhat similar way to 
that mentioned under Vat Dyes. Sulphur dyes 
are more easily reduced, however, than the latter, 
hence the universal use of sodium sulphide. 
The black dyes of the series are of very great 
importance ; they are derived from di- and tri- 
nitrophenol and their consumption probably is 


greater than that of any other dye, not even 
excepting Indigo. Sulphur Blues, giving navy 
and medium shades of blue, are next to the 
blacks in order of importance. The range does 
not include any reds or bright violets, but a con¬ 
siderable number of browns and greens are 
available. Shades produced with sulphur dyes 
usually exhibit good fastness to light, alkalis and 
acids (cross-dyeing) ; they are not fast to 
hypochlorites, although the more expensive black 
dyes known as Indocarbons are more resistant 
to this agent than other members of the series. 
Sulphur Black is the greatest competitor of 
Aniline Black ; both of them can be produced on 
the fibre at a low cost, but the former possesses 
the great advantage of being applied readily 
to any form of cotton or other cellulose material 
either in open or pressure dye-vessels. The 
tendering of Sulphur Black dyed goods, on 
storage, is still observed occasionally, but the 
defect now accounts for a very small proportion 
of the total damage which may be regarded as 
inevitable in industrial practice. The true 
cause or causes of the defect mentioned do not 
appear to be understood properly, but the most 
successful modes of preventive treatment depend 
upon the use of an alkaline oxidising agent in 
the final rinsing operation, in order to oxidise 
any sulphur compounds to alkali sulphates, 
thus preventing their ultimate auto-oxidation 
into sulphuric acid. Treatment of the goods 
with an insoluble calcium salt, e.g. the carbo¬ 
nate, and the addition of glucose to the finishing 
paste also are useful. Short baths, i.e. high 
concentration of dye solutions, particularly for 
blacks, are generally used in the dyeing processes; 
a large amount of common salt also is added to 
the dyebath. Sulphur dyes used for dyeing 
cloth which is subsequently rubber-proofed are 
usually guaranteed not to contain more than 
0-01% copper and should also be free from 
manganese, as both those metals are powerful 
catalysts and their presence may lead to tender¬ 
ing (oxidation) of the fibre. A range of sulphur 
dyes soluble in water, known as Irnmedial 
Lcuco dyes (TG), is now available. 


ArPLioATiON OF Azoic or Insolubt.e 
Azo Dyes. 


This series of dyes owes its inception to 
the genius of the chemists of R. HoUiday & 
Sons, Ltd., who showed, as far back as 1880, that 
certain insoluble monoazo dyes could be pro¬ 
duced readily on the cotton fibre by padding it 
with one constituent, followed by drying, and 
subsequent production of the insoluble dye in 
situ by passing the material through a solution 
of the second constituent. The best-known 
dyes of this kind up till about 1912 were derived 
from j8-naphthol ; two of the most important 
members were, and still arc, known as Para- 
nitroaniline Red and a-Naphthylamine Claret. 
About the period mentioned, the remarkable 
potentialities of Naphtol AS 


( 


j8-Hydroxynaphthoio anilide 

PhHN-Ot~bH - 
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in this field (J. Soc. Dyers and Col. 1914, 30, 
128) were made known by Chem. Fab. Griesheim 
Elektron, and since that time the chemists of this 
firm have been the leading pioneers in the 
development of one of the most remarkable 
and fruitful phases of dye chemistry. The 
new dyes were soon found to possess out¬ 
standing merits, in comparison with the older 
types. At the present time, a considerable 
number of arylamides of ^-hydroxynaphthoie 
and certain other carboxylic acids are available. 
They are made by most of the leading dye- 
makers. The ('ommercial names given to the 
products are Brenthols (ICl), Naphtols (IG). 
Kaphtazols (K), etc. Many of them have a 
distinct affinity for the cotton fibre, so that it is 
not always necessary to dry the impregnated 
material before passing it through the diazo-salt 
solution. It is sometimes advisable, however, 
to rinse slightly and squeeze the material again 
before passing it into the developing bath. 

Furthermore, the whole process of actual 
production of the fibre-dye complex has been 
simplified greatly by the introduction of 
stable sohd salts of diazo-compounds known 
commercially as JBrentamines (JCl), c.g. Brenta- 
mine Fast Ked GL Salt (ICI), and Fast 
Colour Salts (IG), e.g. Fast Red Salt (IG), 
lienee, it is only necessary to j)repare two 
solutions, viz. a caustic alkah-alcohol solu¬ 
tion of the Brcnthol or Naphtol, with or 
without a dispersing agent, e.g. Bcrminal W, 
Igcj^on, etc., which constitutes the impregnating, 
padding or i)reparing bath, and a cold solution 
of the stable diazo-salt, i.e. developing bath. In 
the cases of certain Brenthols, a little formalde¬ 
hyde may be added to the allcalinc solution to 
promote stabilisation, i.e, to prevent separation 
of solid Brenthol, if the impregnated goods are 
exposed to air for some time between the 
impregnating and developing processes. Glue 
is used sometimes in preparing the Brenthol 
solutions. The impregnated fibre is either 
squeezed, hydro-extracted, wrung or subjected 
to suction, so that it is about IJ times the 
weight of the original fibre, and then passed 
immediately into the ice-cold diazo-salt solution; 
colour formation is instantaneous. Coupling at 
or near the neutral point usually gives the best 
and brightest effects, but this cannot easily be 
carried out owing to the excess alkali on the 
cloth. In certain cases, e.g. “ long ” developing 
liquors, however, it is possible to get very good 
results by adding ammonium chloride and for¬ 
maldehyde to the neutral diazo-salt solution. 
These react with the excess alkali on the cloth 
as follows: 

4NH4CH-6HCHO+4NaOH 

(CH2)6N4+4NaCI+10H2O 

Piece-goods are dried usually before developing; 
this causes the colour to be faster to rubbing. 
Azoic dyes may be used for combination shades, 
either with vat or sulphur dyes. The dyed 
material is treated subsequently for a short time 
with a solution of boiling soap in order to develop 
the maximum colour-brightness and fastness 
to light, and to remove any loosely adhering 
surface particles of colour, which, if allowed to 
remain, would “rub-ofiP** when subjected to 


friction, e.g. when in contact with other materials. 
Ice is sometimes added to the diazo-salt solutions 
for obvious reasons; hence the term “ ice- 
colours,” which is still used occasionally, 
especially on the Continent. One of the chief 
defects of azoic dyeings is their property of 
“ rubbing ” {see above) when subjected to 
friction. A treatment wdtli boding soap helps 
to remedy the defect, but the process needs to be 
a drastic one in the case of yarn on cheeses 
or on warp-beams, etc. Dispersing agents, e.g. 
Diazopon A, Dispersol L, etc., have been 
introduced recently for the purpose of obtaining 
dyeings fast to rubbing without boiling the 
dyeings in soap solution ; they are added to the 
diazo-salt solution in the proportion of 1-4 c.c. 
per litre. According to Blackshaw (J. Soc. 
Dyers and Col. 1930, 52, 135), they are not 
satisfaetory additions to a strongly acid develop¬ 
ing bath. The final treatment in this case 
consists in boiling the goods in a solution of 
2-3 g. sodium carbonate and 0*5 g. Igepon T per 
litre for 20 minutes. F. M. Howe {ibid. 1924, 
40. 227 ; 1920, 42, 82; 1930, 46, 227-228) has 
dctcrmhied the chemical constitutions of many 
members of the Naphtol scri(‘8. Most of them 
are derived from jS-hydroxynaplithoic acid. The 
list shown at top of j). 134 may be of interest. 

Amongst recent introductions are Naphtols 
A^-GR, AkS-8G and A8-fSR. The first gives 
bottle-green shades in combination with the 
diazo-salt of Fast Blue Base BB ; they have 
good fastness to kicr-boiling, light, chlorine 
and washing. The others give greenish- 
black and r(‘ddish-blacks, respectively, with the 
diazo-salt of Fast Red Base B. They are of 
importance for shading (dulling) other combina¬ 
tions of the series. All three arc exhausted 
almost completely when ap2)lied to cotton in 
the usual way. Other new members of the 
scries are Naphtols i\8-LB, A8-LT and AS-ITR. 
The first of these is used for producing pleasing, 
very fast, brown shades, and the last two for 
red, rose and pink shades, which are faster to 
light than similar shades produced with older 
combinations. Most of the stable diazo-salts 
arc sent out as dry 20% powders, i.e. 100 parts 
correspond to 20 parts of the aromatic amino- 
compound from which it is prepared. Some of 
the best known are: Fast Red Salts 2G, 3GL, 
GLandTR (from^J-nitroaniline, 2-nitro-4-chloro- 
aniline, w-nitro-^-toluidine and 5-chloro-2- 
aminotoluene respectively) ; Fast Scarlet Salts 
2 G and R (from 2:5-dichloroaniline and w- 
nitro-o-anisidine) ; Fast Orange Salts GC, GR 
and R (from w-chloroaniline, o-nitroaniline and 
m-nitroaniline respectively) ; and Fast Yellow 
Salt GC (from o-chloroaniline). Some interesting 
new coupling agents are : Ciba Scarlet Bases K, 
IV and V, representing 2-amino-4-dichloro- 
diphenyl ether, 2-amino-4:2'-dichlorodiphenyl 
ether and 2-amino-4:4'-dichlorodiphenyl ether, 
respectively. 

The most striking colour effects in this series 
are those in the red portion of the spectrum, 
but it is possible to produce a great variety of 
shades, varying from red, orange and yellow 
to green, navy-blue, brown and black. Amongst 
the diazo-salts of comparatively recent intro¬ 
duction, mention may be made also of Fast 
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Commercial names and brands. 

Chemical compositions. 

Brenthols 

(JC/). 

Naphtols 

{IQ). 

Naphtazols 

(K). 

Arylamides produced by condensation of ^-hydroxy- 
naphthoic acid with the following amino-compounds: 

AS 

AS 

NA 

Aniline, e.g. j 


OH 

CONHCeHg 

_ 

AS-AN 

_ 

p-Nitroaniline. 



MN 

AS-BS 

NB 

m - N i troaniline. 



FO 

AS-BG 

— 

2;5-Dimethoxyaniline. 


DA 

AS-BK 

— 

Dianisidino. 



AN 

AS-BO 

N3B 

a-Naphthylamine. 



PA 

AS-RL 

NRL 

p-Anisidine. 



BN 

AS-SW 

NSW 

/S-Naphthylamine. 



OT 

AS-D 

ND 

o-Toluidine. 



CT 

AS-TR 

NTR 

6-Chloro-o-toluidine. 


FR 

AS-OL 

NF 

o-Anisidine. 



BB 

AS-E 

— 

p-Chloroaniline. 



— 

AS-ITR 

NSTR 

2:4-Dimethoxy-6-chloroaniline. 

MA 

AS-LT 

— 

o-Mothyl-p-anisidine. 


BT 



Arylamides, etc., derived from : 

AS-LB 

— 

2-Hydroxycarbazole-3-carboxylic acid and o-toluidine. 

AT 

1 AS-G 

NJ 

Diacetoacetic acid and o-toluidine. 

NG 

AS-GR 

— 

2-Hydroxyanthracene-3-carboxylic acid and o- 




toluidine. 



GB 

AS-SG 

— 

5'-Hydroxy(l:2-benzcarbazole)-4'-carboxylic acid and 




p-anisidine. 



RB 

AS-SR 

— 

6'-Hydroxy(l:2-benzcarbazole)-4'-carboxylic acid and 




2:4-dimet hylaniHne. 


— 

AS-BT 

— 

6-Hydroxydiphenylene oxide-7-carboxylic acid and 




2:5-dimethoxyaniline. 



Cibanaphthol RPH (SCI), Celcot RPH (S) or Jrganaphthol (Gy) is obtained from ^-hydroxynaph- 
thoic acid and j5-phenetidine, whilst Cibanaphthol RT (SCI), Celcot RT (S) or Irganaphthol RT 
(Gy) is obtained from )3-hydroxynaphthoic acid and p-toluidine. 


Variamine Blue Bases B and RT and the 
corresponding diazo-salts B and PG (IG). 
They yield, with dilferent brands of Naphtols, 
blue shades of very good fastness to light, and 
excellent fastness to open kier-boiling, cross¬ 
dyeing, ironing, alkalis and perspiration. 
Variamine Blue B Base is the sulphate of 
4'-ethoxy-4-aminodiphenylamine. It is of great 
interest to dye chemists, since on diazotisation 
in the usual way, two molecular proportions of 
sodium nitrite are necessary before a reaction is 
obtained with starch-iodide paper. The product, 
however, is the nitrosodiazo-compound 

(OEt CflH4-N(NO)CeH4 N : NCI) 

which, after addition of sodium bicarbonate 
and ma^esium sulphate, couples with Naphtol 
AS, giving claret shades that can be converted 
into the blue, azo compound by soaping in 
presence of a reducing agent, e.g, sodium 
sulphide. Under suitable conditions, however, 
e,g. in presence of excess hydrochloric acid at 
46°C., the addition of one molecular proportion 
of sodium nitrite yields the diazo-compound, 
which, after addition of sodium acetate, gives 
the blue azo dye directly on coupling with 
Naphtol AS ; the diazo-salts are generally 
used now instead of the bases ; some of them 
also contain alkali-binding agents, i.e. agents 


which “ bind ” the caustic soda in the impreg¬ 
nating liquor without retarding coupling. 

The fastness properties of the azoic dyes vary 
with each combination. In general, however, 
they are remarkably resistant to the usual 
agencies, e.g. light, washing, acids and alkalis. 
Many of them are only slightly affected by 
reducing agents or by hypochlorites. Some 
combinations are suitable for the guaranteed 
fastness label, e.g. Naphtol AS-RL-fFast Red 
RL (red) ; Naphtol AS-j-Fast Red 3GL Special 
(red) ; and Naphtol AS-BO+Fast Red B 
(claret). The combination w-nitro-p-toluidine 
+Naphtol AS gives a red shade which is almost 
as fast to light as Turkey Red ; it is faster to 
rubbing than Paranitroaniline Red. An exceed¬ 
ingly valuable property of some of the dyes is 
their ability to withstand boiling with sodium 
carbonate in an open vessel for 6 hours (kier- 
boiling). Rowe (ibid. 1931, 47, 29, 36, 
163) has shown that this property cannot be 
correlated with the chemical structure of a 
particular arylamide of ^-hydroxynaphthoio 
acid. In other words, the fastness to alkali¬ 
boiling is a specific property of the azoic dye and 
not of its components. Azoic dyes may be 
produced on all forms of cotton in open vessels 
or pack machines. In the latter case Brenthols 
and Naphtols of high substantivity should be 
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used, and, generally, thorough scouring of the 
cotton, etc., before impregnation with the 
impregnating solution is essential in order to 
ensure good and quick penetration, which results 
in less formation of surface dye and con¬ 
sequently a reduced tendency of the dyeing to 
rub. In piece dyeing it is found that the best 
fastness to rubbing is obtained by drying the 
goods after impregnation with the Brenthol or 
Naphtol solution, i.e. before the developing 
operation. In all cases, a thorough soaping at 
boiling-point is needed to obtain the brightest 
and fastest shades. Cotton dyed in yarn form is 
soaped with high concentrations of soap, e.g. 
8-10 lb. per 100 gallons. 

Application of Vat Dyes. 

Vat dye derivatives of Indigo (indigoid dyes) 
are not now of special importance in cotton 
dyeing, since, apart from their cost, their shades 
arc not fast enough to meet the high standards of 
modern specifications. Indigo itself, and a few 
others, however, have a limited application. 
Indanthrene Red-Violet RH appears to be the 
only indigoid vat dye included in a range of 
guaranteed fast dyes. Vat dyes of the latter 
type are mostly anthraquinonoid in structure. 
A good range of shades has been available ever 
since the discovery of Caledon Jade Green, but 
fast full scarlets, reds and maroons are obtained 
usually with azoic dyes. The working dye- 
vats need to be more strongly alkaline than 
indigoid dye-vats, although there is considerable 
variation in this respect. Some of the dyes may 
be dyed from a comparatively cold vat (about 
7()-86°r.), others at about 118-120°F. and a 
third series at about 120-148°F. The regular 
production of level shades of all kinds having 
good fastness properties with mixtures of these 
dyes necessitates the exercise of a very high 
standard of ingenuity and skill. Three colour 
changes are encountered frequently, viz. the 
colour of the reduced dye (leuco-compound), the 
colour of the dyed material after oxidation, and 
the colour of the stabilised dyeing after treat¬ 
ment with boiling soap solution. The last two 
changes are intimately associated with the size, 
shape and arrangement of the insoluble dye 
particles in relation to the micelles of the fibre 
mass. Space is not available here to discuss 
this matter at length. There appears to be a 
definite hydroxyl-ion concentration at which a 
particular leuco-compound of a vat dye will 
give the best possible results in dyeing. Un¬ 
fortunately, this “ degree of alkalinity ” is 
different for each dye, so that the dyer has to 
adopt a compromise when using mixtures of 
these dyes. According to Brass (Melliand 
Textilber. 1926, 6, 673) the function of the 
alkali salt of the leuco-compound of a vat-dye 
is to penetrate the fibre where the free leuco- 
compound is partly liberated by the carbon 
dioxide of the air and then oxidised. In ordinary 
dyeing practice, however, it is impossible to 
prevent these two chemical reactions from taking 
place partially at the same time, with the result 
that a dyeing produced in an atmosphere of 
carbon dioxide is much deeper than one produced 
in air. It is concluded that the best results are 


obtained when the whole of the sodium salt of 
the leuco-compound absorbed by the fibre has 
been converted into the free leuco-compound 
before oxidation begins. Thus, mechanical pene¬ 
tration of the fibre takes place by NaO—C=, 

actual dyeing is effected by HO — C=, 

and oxidation results in O —C—. 

I 

C. M. Whittaker (J.S.C.I. 1932, 61, 66T) has 
described an empirical method of classifying 
vat dyes into throe groups. A, B and C. 
Separate skeins of 160/21 and 160/36 denier 
viscose rayon yam are dyed with equal volumes 
of the reduced dye-solution, made under specific 
conditions, at 20°, 30°, 40*^, 60° and 60°C. Dyes 
in group A are those which dye the 160/36 
skeins darker at all the temperatures ; if 
both types of skein are about equal in shade 
when dyed at 60°C., the dye is classified as AGO. 
If the 160/36 skein is darker, the dye is termed 
A60-I-. Group B includes dyes which dye 
160/36 skeins darker at 20°C., but dye the 
160/21 skeins darker at 60°C. Group C contains 
dyes which dye the 160/21 skeins darker at 20°C., 
becoming increasingly darker as the temperature 
rises. In practice, members of class A will not 
mix satisfactorily with members of class C ; a 
mixture of members of A and B, or B and C, is 
not so unsatisfactory as one of A and C, but 
more unsatisfactory than mixtures of members 
of the same class. Dyes of class C cover light and 
dark skeins the best ; those of class A are the 
worst. Examples of classification are: Caledon 
Olive R=A60 ; Hydron YeUow NF=A60-f-; 
Caledon Golden Orange G=B30; Paradone 
Brilliant Violet R=B36 ; Ciba Brown 2R and 
Caledon Jade Green—C. 

I A small group of vat dyes used in cotton 
dyeing and printing is represented by the 
Hydron Blues, the molecules of which contain 
sulphur. They are intermediate in properties 
between the members of the two main classes. 
They should not be confused with the “ Hydron 
vat ” wool dyes. Hydron Blues are not fast 
enough to be included in a guaranteed fast-to- 
light range. They may be dyed from a vat 
(yellow) containing hydrosulphite and caustic 
soda, with or without sodium sulphide. The 
leuco-compounds of the Hydron Blues are more 
highly dispersed in alkali solution than is 
leuco-Indigo, so that they may be used for 
dyeing cotton goods imder pressure, i.e. in 
pack or circulating liquor machines of the 
enclosed type, where the proportion of dye 
liquor to cotton is comparatively low. The 
technique involved in the application of vat 
dyes to cotton goods includes the observance 
of the following points: (1) The material, 
especially cloth, should be scoured thoroi^hly 
and uniformly ; any variation in preliminary 
operations tends to give uneven shades. The 
material should wet-out easily and should be 
free from creases, distorted surfaces, etc. (2) A 
stock vat is prepared first by mixing the dye 
paste or powder with water and a little soluble 
oil or other dispersing agent to which warm 
water, and the neoessaxy amounts of caustic 
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soda and sodium hydrosulphite are added ; the 
whole is allowed to stand for 16-20 minutes. 
(3) The dye vat is prepared with water at the 
requisite temperature, and caustic soda and 
sodium hydrosulphite added in accordance with 
the amounts recommended by the dye manu¬ 
facturers. A definite amount of the stock 
vat is now added through a sieve, during stirring, 
and after a few minutes the dyeing operation 
may begin. Tliis procedure is subject, of course, 
to variation ac cording to the type of dye used 
and material to be dyed. In dyeing cloth on the 
jig, or in pack machines, increased amounts 
of sodium hydrosulphite and caustic soda are 
required, i.e. compared with the amounts used 
in yarn dyeing. The dyeing affinity of dyes 
which exhaust rapidly may be retarded by addi¬ 
tion of colloids to the bath, e.g. 1-2 lb. glue, 
previously dissolved, per 100 gallons. Pale 
shades are commonly dyed on the padding 
machine. Salt is added to level-dyeing dyes to 
facilitate exhaustion. The selvedges of piece- 
goods on jig rollers should be in perfect 
alignment. The stock vat liquor is best added 
in portions, and it should be the aim of the dyer 
to complete tlie dyeing operation in not more 
than about six passages (ends) so as to avoid the 
development of darker shades at the selvedges 
(listing). 

More sodium hydrosulphite is added as 
indicated by the appearance of the edges of the 
cloth during the passage through the dye- 
bath. After dyeing, the material is rinsed, and 
subsequently soured, i.e. treated with 2-3% 
acetic or 1% sulphuric acid, rinsed wcU, soaped 
at boiling-point for J hour, rinsed and dried. 
Some dyes of the scries are oxidised by addi¬ 
tion of 2 lb. sodium perborate per 100 
gallons of souring liquor ; in this case, acetic 
acid is used. Dyes which are fast to chlorine 
are often developed in ^l°Tw. bleaching powder 
solution. Almost continuous movement of the 
material up to the rinsing stage is desirable. 
Large quantities of cotton cloth to be dyed in 
heavy shades are treated by a continuous 
process. A modified method of application of 
vat dyes consists in padding the cloth with an 
aqueous dispersion of the unreduced vat dye 
and subsequently passing it through sodium 
hydrosulphite-caustic alkali solution (pigment 
padding process). 

Application of Indioosol and Soledon 
Dyes. 

The first member of the Indigosol series, viz. 
Indigosol 0, was introduced by Durand and 
Huguenin S.A. in 1924-25 (c/. B.P. 186057, 
1922). It is the sodium salt of the disulphuric 
ester of leuco-Indigo, and for many years was 
the chief commercial representative of this series 
of dyes. The great improvements made in the 
technique of vat dye manufacture during the 
last decade, however, have enabled the original 
producers to place a fairly wide range of allied 
dyes—selected from several hundred—at the 
disposal of the colourist. They are derived from 
the corresponding vat dyes, and the colours 
ultimately produced in the fibre by their use are 
identical with the parent substances. The 


Soledon dyes (ICI) are analogous compounds. 
Some of the best known members of the series, all 
of which are easily soluble in water, and the 
names of the parent dyes are as follows : Indigo¬ 
sol O (from Indigo) ; OR (monobromoindigo); 
04B (tetrabromoindigo) ; 4B (Helindono Blue 
B) ; AZG (Alizarin Indigo G) ; HB and 06B; 
Blues IBC and AGG ; Yellow HOG (Heliridone 
Yellow CG) ; Reds HOR (Helindone Rod CR), 
HR (Helindono Red R) and IFBB ; Orange 
HR (Helindono Orange R) ; Pink IR Extra 
(Indanthrene Brilliant Pink R Extra) ; Scarlets 
HB (Helindono Scarlet B) and IB ; V iolets 
AZB (Alizarin Indigo Violet B), ARB and 
ABBE ; Red-Violet IRH ; Golden ^’(‘llows 
IRK and IGK ; Brilliant Pink I3B ; Greens 
IB, IB A and AB ; Browns IBRD and IBR ; 
Printing Blue IB ; Printing Black IB ; and 
Grey ILB. 

The Soledon dyes (ICI) are represented by 
Soledon Pink EFS ; Red 3BS ; Scarlet BS ; 
Oranges RS and 4S ; Golden Yellow GKS ; 
Yellow GS ; Blues RCS, 4GS and 4BCS ; 
Dark Blues GS and 2RS Jade Green XS ; 
Brilliant Purple 2RS ; Indigo LLS ; Brown GS; 
and Black 2BS. 

The individual dyes have a variable affinity 
for cellulosic fibres. Those of liigh molecular 
weights appear to have the greatest affinity. 
The principles underlying their conversion in 
and on the fibre into the parent vat-dyes 
appear to depend upon hydrolysis and oxidation 
reactions. It is customary in general practice to 
induce these chemical changes almost con¬ 
currently, i.e* in a single developing bath, 
or, in some cases, by the action of steam in 
presence of an oxidising agent, e.g. sodium 
chlorate, and a catalyst, e.g. ammonium vana¬ 
date. They are applied, usually to cotton, 
by a padding process followed by development, 
with or without a preliminary drying operation, 
in presence of nitrous or dilute chromic acid. 

In the latest practice, cotton cloth is padded 
with a solution of the “ ester dye *’ containing 
sodium nitrite, squeezed, passed through a small 
box containing dilute sulphuric acid, squeezed, 
passed into air for a short time, rinsed and 
neutralised. Development is complete in about 
10-15 seconds. The acid “ feeding ” solution 
should be about twice the concentration of the 
starting bath, to allow for dilution by the wet 
cloth passing into it. Finally the goods are 
soaped at boiling-point, preferably in rope form. 
Better colour values are obtained in this process 
if, after padding and squeezing, the cloth is dried 
by a passage through a hot flue before passing it 
into the acid developing bath. 

Application of Mordant Dyes. 

These are of little importance now in cotton 
dyeing. Even Turkey Red is dyed only on a 
limited scale. Alizarin Reds and Pinks are 
cheaper to produce and are dyed occasionally in 
calico print works. The cloth is padded in 
Turkey Red oil solution, dried, padded in 
basic aluminium sulphate solution, dried by 
hot air, oiled again, if considered desirable, dried, 
dyed with Alizarin, cleared with stannous 
chloride solution, rinsed, steamed, soaped, etc. 
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Processes of this kind are finding less and less 
favour in modem dyeing, since they take up too 
much time and the dyeings obtained do not 
possess such outstanding properties as to 
warrant the expense involved. 

ANn.iNE Black. 

This important dye is still used in (jotton 
dyeing. It was introduced originally for 
printing by Lighfoot, of Broadoak Printworks, 
Accrington, so long ago as 1803. In recent 
years, Sulphur Blacks have superseded it 
to a great extent in cotton dyeing. It is usually 
produce.d on cloth, when not required as a 
ground for printed coloured patterns, by the 
oxidation of a mixture of aniline hydrochloride 
and aniline salts of organic acids, with sodium 
chlorate, in presence of a copper salt, which acts 
as oxidation catalyst, and a small amount of 
p-phenylenediamino hydrochloride. The cloth 
is padded with a cold solution of the ingredients 
(about 7-8% aniline). It is then dried by hot 
air and aged in special machines in which 
provision is made for (a) the rapid removal of 
deleterious gases ; (b) a moist, hot temperature; 
and (c) suflicient space in the chamber, during 
the continuous passage of the cloth, for rapid 
oxidation to take place without violent fluctua¬ 
tions of temperature. When dyed carefully, 
Aniline Black docs not turn green in presence of 
sulphurous acid, i.e. it is an ungreenable Aniline 
Black. 

According to Green and his collaborators 
(J. Soc. Dyers and Col. 1913, 29, 105, 338), the 
production of a black of this kind involves the 
initial partial oxidation of a unit of 8 molecules 
of aniline, in presence of acid, to a colourless 
condensate termed leuco-emcraldinc ; this, in 
turn, yields successively proto-emeraldine, 
emeraldine, nigraniline and peri-nigraniline. 
The last four arc coloured bases and yield 
coloured salts. They consist essentially of the 
mono-, di-, tri- and tetra-quinonoid structures 
developed during the oxidation of leuco-emerald¬ 
ine. Nigraniline gives an Aniline Black in 
presence of chromic acid, but it is greenable, 
and Green (Z.c.) has shown that the formation 
of an ungreenable black can be accomplished 
by further condensation of 1 molecule nigranil¬ 
ine with 3 molecules aniline in an almost 
neutral medium. During the final condensation, 
an intermolecular change occurs in which the 
^-quinonoid structure of nigraniline changes to 
the azine or o-quinonoid structure of ungreenable 
Aniline Black. 

Rayon (Artificial Silk) Dyeing. 

The uses of these fibres in various branches of 
the textile and allied industries have made great 
progress in recent years. In addition to all 
rayon fabrics, mixture fabrics composed of 
different rayons as well as mixtures of these with 
cotton, mercerised cotton, silk, wool, etc., are 
now regular articles of commerce. As a result, 
modern dyeing demands that its craftsmen shall 
possess much greater skill and knowledge than 
has ever been required in the history of the 
industry. Two main types of rayon need to be 
considered, viz. (a) the so-called regenerated 


celluloses, e.g, viscose and cuprammonium 
rayons, and {b) cellulose acetate rayon. 

All rayons possess a comparatively low 
strength when wet, so that any wet-processing 
operation, including dyeing, is far more liable to 
cause damage than is the case with cotton goods. 
Wherever possible, therefore, the time of treat¬ 
ment in presence of liquids should be reduced to 
a minimum, especially when the treatment 
involves rapid movement at or near 100°C. 
In view of the fact that viscose and cupram¬ 
monium rayons are modified forms of native 
fibrous cellulose, it is to be expected that those 
classes of dyes which are best suitable for cotton 
cellulose will also be of prime importance in 
dyeing these fibres. Further, since the swelling 
(dispersion) of cotton by alkali (mercerisation) 
gives a product with an increased affinity for 
dyes, it is not surprising to find that artificial 
fibres produced from a very highly dispersed 
cellulosic mass possess much greater affinity for 
dyes than mercerised cotton. These properties 
are characteristic of regenerated cellulose 
rayons. Cellulose acetate rayon has very little 
affinity for the ordinary classes of dyes men¬ 
tioned under the dyeing of cotton, etc. 


Preliminary Operations.—Scouring 
AND Craping. 


(a) Begenerated Cellulose Rayons. —Skeins, 
piece goods and knitted webs are first scoured 
to remove the oils and other substances used 
in twisting, winding, sizing, etc., so as to 
facilitate the production of level dyeings. A 
scouring bath containing 3-5 lb. soap per 100 
gallons water, and a little soda ash, if considered 
desirable, gives good results in the treatment of 
viscose rayon at just below boiling-point. 
Cuprammonium rayon is scoured under similar 
conditions, but ammonia only is added to the soap 
bath. The base of the size used now on viscose 


rayon warps consists of a gelatin or glue product 
and, as a rule, its removal offers no difficulty. 
The operations are carried out on a jig 
provided with rollers running in ball bearings 
in the case of ordinary woven goods which are 
strong enough when wet to withstand the normal 
tension lengthways ; lighter fabrics and knitted 
webs are treated on a winch machine. In the 
latter case, dyeing is often carried on in the 
scouring bath. 

y(6) 100% Cellulose Acetate Rayon Satin .— 
Preliminary treatment is carried out by padding 
the fabric with an emulsion of xylene in Monopole 
soap containing a little caustic soda, at about 
60°C., and allowing it to stand on a roUer for a 
few hours. Next the cloth is scoured with a 
0*15-0-25% soap solution containing 0-05-0*l% 
ammonia (sp.gr. 0-880), at 60-80°C. for f-l hour 
when a bright finish is required, or at 60-100°C. 
for a dull finish ; finally, it is rinsed weU. If a 
dull finish is needed, the material is treated next 
in a bath of 2% olive oil soap containing 0-1- 
0*25% phenol, at boiling-point for i hour ; the 
Ph of the bath should be between 10 and 11. 
After rinsing in ammonia water and then in 
water only, the cloth is ready for dyeing. 

(c) Union Fabrics of Cellulose Acetate (Weft) 
and Viscose (Warp) Rayons .—^These are steeped 
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for some time in warm water to remove gelatin, ’ 
etc., size from the viscose rayon threads. Next, 
they are scoured in a jig with soap and 
ammonia for 1-2 hours as mentioned previously; 
about 1-3% of the xylene-alkali-Monopole soap 
emulsion used in desizing 100% cellulose acetate 
rayon fabrics is usually added. The goods are 
then washed and dyed. 

{d) Union Cripe Fabrics of Cellulose Acetate 
Rayon {Warp) and Viscose Rayon (1) or Silk (2) 
Weft. —The weft yarns in these fabrics are very 
tightly twisted. The first operation consists in 

stringing ” the cloth at intervals along the 
selvedges. The strings are then attached to 
suitable portable supports and the cloth, in 
folds, is immersed completely in the scouring 
and craping liquor contained in rectangular 
tanks. Fabrics of class (1) are immersed in 
0’2% neutral soap solution ; those in class (2) 
are treated in a slightly stronger soap solution. 
The temperature is raised gradually by indirect 
steam during 1-2 hours for (1) and nearly twice 
as long for (2). Both creping and scouring 
take place concurrently. Many fabrics contain¬ 
ing crepe yarns are embossed, after weaving, 
with a small pebble pattern by passing them, 
under pressure, between two rollers, the upper 
one of which is engraved with the pattern, 
whilst the lower one is of hard paper ; the 
upper roller may be heated if desired. In the 
subsequent scouring operation, the crepe effect 
follows the lines of the embossed pattern instead 
of developing at random. Modern creping 
practice is discussed more fully in the article on 
Finishing {see Vol. V). 

(e) Knitted Goods. —These are treated on 
similar lines to woven fabrics, special machines 
for this type of material being used ; fashioned 
fabrics are usually sewn into the form of circular 
tubes and turned inside out. 

Dyeing Viscose and Cuprammonium 
Rayons. 

Substantive cotton dyes are used on an 
extensive scale ; some of them have greater 
affinity for the fibre than others. At one time 
many dyeing defects were caused by the presence 
of viscose rayon of varying dyeing affinity, for 
particular dyes, in the batch or even the 
same skein. This manufacturing defect is less 
common now, whilst in any event, dye-makers 
have introduced ranges of dyes especia^ v 
adapted for producing even shades on maiV^ ' 
of irregular dyeing affinity. According 
C. M. Whittaker, viscose rayon should always be 
entered into dyebaths of substantive dyes 
at as high a temperature as possible. Rapid¬ 
dyeing dyes give the best results and, with these 
dyes, the addition of an agent, e.g. Glauber’s 
salt, to facilitate exhaustion is unnecessary. 
The addition of soap is useful, whilst in some 
cases the presence of acetic acid and Monopole 
soap in the dyebath is an aid in the production 
of level dyeings. 

The affinity of cuprammonium rayon for 
substantive dyes increases to a maximum at 
70®C. ; dyeing at high temperatures, therefore, 
facilitates level dyeing. The various methods of 
increasing the fastness of substantive dyes on 
cotton, apart from the diazotising and developing 


method, are not of much importance in dyeing 
rayon (c/. Cotton Dyeing, p. 131). A few 
members of the basic class of dyes are 
occasionally of use in colouring regenerated 
cellulose rayon ; they may be applied from a 
bath containing acetic acid, and some of the 
resultant shades are faster than when produced 
on cotton. Viscose rayon dyed with azoic dyes 
is finding considerable applications in certain 
branches of the textile industries, etc. These 
dyes are applied according to the method 
described under Cotton Dyeing {q.v.)^ but the 
concentrations of the impregnating and develop¬ 
ing solutions should be reduced. Shades of 
outstanding brilliance can be obtained. The 
soaping operation should be carried out at a 
temperature not exceeding 60®C., especially in 
cases where “ blinding,” i.e. masking of lustre, 
may occur. Rowe (J. Soc. Dyers and Col. 1926, 
42, 207) has shown that this phenomenon is 
caused by the coagulation or crystallisation of the 
colour in aggregates, whereas the normal colour 
is uniformly distributed throughout the fibre. 
Some colours of the series arc not appreciably 
affected. Rowe points out that “ blinding ” is a 
temperature cffe(;t and may be induced by the 
use of boiling water. 

Vat dyes also are of great importance in dyeing 
viscose rayon, especially when very fast dyeings, 
e.g. for casement cloth, are required. The 
principles and practice of applying these dyes 
have been discussed already under Cotton 
Dyeing, and only simple modifications, based on a 
consideration of the properties of rayon, are 
needed in order to produce satisfactory dyeings. 
Weaker concentrations of alkali and hydro¬ 
sulphite are used, whilst levelling and retarding 
agents may be added. C. M. Whittaker con¬ 
siders that the addition of a small percentage 
of sulphite-cellulose waste liquor to the baths 
used in skein dyeing has a very beneficial 
effect. A large amount of woven material 
is dyed on a special form of padding machine, 
only one passage through a short bath being 
required. Some vat dyes, especially certain 
yellows and oranges, tend to act as catalysts in 
inducing the oxidation of cellulose. Tendering 
of fibres produced in this way has caused much 
expense for many years, but the so-called 
“ dangerous ” dyes are not used now to any great 
extent {cf. Scholefield, Hibbert and Patel, J. Soc. 
Dyers and Col. 1928, 44, 237 ; Scholefield and 
Patel, ibid. 1929, 45, 176 ; Nabar, Scholefield 
and Turner, ibid. 1935, 51, 6). It seems as if a 
combination of sunlight, moisture, atmospheric 
impurities and suitable catalyst (dye) is needed 
to cause tendering {cf. Jones, ibid. 1936, 52, 
286). Indigosol and Soledon dyes are applied 
to regenerated cellulosic rayons according to the 
methods given under Cotton Dyeing. Sulphur 
dyes are only used to a small extent. 

OeUulose Acetate Rayon. —^Materials made from 
this material swell less and more slowly in 
water and other liquids than other types of 
rayon ; also, this fibre is liable to undergo 
partial hydrolysis in presence of hot alkalis, 
especially caustic soda. As regards its dyeing 
properties, ceUulose acetate rayon acts as a 
solid organic solvent with affinity for basic 
substances. It is well known that a fat can ^ 
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coloured only with certain types of dyes, which 
are soluble in the fat, but insoluble in water. A 
similar behaviour, apart from a few exceptions, 
applies to cellulose acetate rayon, i.e. the 
majority of the commercial dyes used for 
colouring this fibre are insoluble in water, but 
soluble in cellulose acetate. A dry dye powder, 
of suitable type, will colour this material, if left 
long enough in contact with it. Most dyeing 
processes are carried out with very fine suspen¬ 
sions of selected water-insoluble dyes in presence 
of soap, etc. Amongst these are Duranol and 
Dispersol dyes (ICI) ; Cibacet dyes (SCI) ; 
S.R.A. dyes (British Celanesc, Ltd.) ; Serisol 
dyes (Yorkshire Dyeware and Chemical Co., 
Ltd.) ; Artisil dyes (Sandoz) ; Celliton and 
Celliton Bast dyes (IG) ; and Celanthrene dyes 
(du Pont). Some of the dyeings obtained with 
members of the Dispersol, etc., series need to be | 
diazotised, and then developed with suitable 
coupling agents. Cellulose acetate rayon is! 
dyed generally at temperatures up to about 
80°C. for bright fi nished effects ; a temperature of 
100°C. may be used when dull effects are required. 

Indigosol and Soledon dyes may be applied to 
cellulose acetate rayon by padding the cloth 
with the thickened “ dye ” solution, drying, 
steaming for 20 minutes and developing in a 
nitrous acid-sulphuric acid bath for a longer 
period than for similar dyeings on cotton. 

Filaments from Coloured Spinning Masses .— 
Considerable progress has been made recently in 
the production of coloured rayons direct from 
spinning masses containing very finely dispersed 
pigments, e.g. carbon black, or components of 
dyes which, on subsequently treating the spun 
filaments containing them, e.g. by diazotisation, 
yield insoluble and very fast colours evenly 
dispersed throughout the fibre substance. It is 
probable that increased demands for such spun- 
dyed rayon wil be made in the future. 

Wool Dyeing. 

Preliminary Operations. —Occasionally, 
raw wool is dyed directly. Most forms of wool 
material, however, before dyeing, are scoured 
with soap and soda ash solution at about 60°C. 
Yam, cloth and knitted fabrics made from wool 
which has, of course, been scoured in the raw 
state are invariably scoured again before dyeing. 
Only a light scouring operation is needed for 
slubbing (combed wool), but yarn and piece 
goods are subjected to a good cleansing process 
prior to the dyeing operation. Also, in certain 
cases, they are bleached with hydrogen peroxide 
and/or sulphurous acid, etc. In the former case, 
the scoured goods are kept in contact with a 
slightly alkaline 3 vol. hydrogen peroxide 
solution at 50~60°C. for several hours. The 
time of treatment is reduced by the use of a 
stronger solution, but, in such cases, there is 
considerable danger of over-oxidation of the 
fibre ; the bleached effect is permanent. Bleach¬ 
ing with sulphurous acid is usually carried out in 
a sulphur stove (stoving) ; the moist wool is 
placed in the stove, and the fumes from slowly 
burning sulphur (about 6 lb. per 100 lb. wool) 
allowed to remain in contact with the wool 
during about 8 hours, i.e. overnight. The wool 
is then rinsed well in cold water or aired for 


several hours. Modified processes (wet bleach¬ 
ing), in which the sulphurous acid is derived 
from liquid sulphur dioxide, sodium bisulphite 
and acid, etc., are in use ; a stoved white is not 
permanent. Many types of worsted piece goods 
are crabbed before scouring ; in this operation 
they are passed, under tension, through boiling 
water, and rolled tightly on to a roller, on which 
they are allowed to cool. Next they may be 
steamed, and for this purpose they are wound, 
after crabbing, on to a perforated metal roller, 
through which low-pressure steam is passed sub¬ 
sequently for about 20 minutes. These opera¬ 
tions “ set ” the wool fibres in such a way that 
distortion of the fabric does not occur in sub¬ 
sequent operations, e.g. dyeing. 

Carbonising .—Wool materials often contain 
vegetable impurities, e.g. seeds, burrs, particles 
of cotton, etc. Such goods are impregnated 
with 4-7‘^Tw. sulphuric acid, squeezed and 
dried carefully, first at a medium temperature, 
and finally at about 90®C. The vegetable 
matter is hydrolysed to a highly tendered 
product which is beaten out as a friable powder 
in the subsequent wet processing. Hydrogen 
chloride and also aluminium chloride are used 
instead of sulphuric acid in carbonising certain 
types of wool goods. 

Chlorination .—This process is generally applied 
in the hosiery industry to reduce the normal 
shrinkage of wool goods which occurs in wear and 
washing {see p. 123). It is sometimes carried out, 
however, to cause the treated goods to have an 
increased affinity for dyes, e.g. the material is 
steeped in a solution of hypochlorous acid 
under controlled conditions, washed, steeped in 
dilute sulphurous acid and rinsed well. 

Application of Acid Dyes.—Wool can be 
dyed with members of nearly all classes of dyes, 
but only the members of a few classes are of 
paramount importance and, amongst these, the 
acid dyes occupy first place. In view of the 
fact that wool fibre, compared with other 
fibres, possesses one exclusive physical property, 
viz. the tendency to felt, especially at elevated 
temperatures, it follows that the choice of dyes 
for a particular type of wool material will be 
governed not merely by problems concerning the 
fastness properties of the shades required, 
but also by the rapidity with which felting 
takes place under normal dyeing conditions. 
Also, it is well known that wool is very sensitive 
to the action of hot alkaline liquors and, although 
those dyes which can only he applied to fibres 
in presence of alkali may be applied to wool, 
it is seldom that this method is adopted 
without, at least, slight degradation of the 
fibre taking place. Acid dyes are invariably 
applied from an acid bath, and the initial hydro¬ 
gen ion concentiration of this bath is varied 
purposely in accordance with the physical 
nature of the material to be dyed and the 
properties of the dye or dyes to be used. Acid 
dyes give shades possessing widely varying 
fastness properties ; their general utility in the 
colouring of all forms of loose, semi- and fully 
manufactured wool goods is now of a high order, 
and a new member of the series possesses little 
chance of practical recognition umess it exhibits 
some outstanding property, e.g. excellent 
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fastness to light, etc. Some of the fastest 
and, incidentally, the most expensive members 
of the series are sulphonated anthraquinonoid 
dyes, e,g, Solway Blues and Greens, Alizarin 
Rubinol, Alizarin Direct Blues, Alizarin Sky 
Blue, Alizarin Irisol, Alizarin Celestol, etc. 
Polar dyes, which also give very fast shades, are 
azo derivatives containing pyrazolone rings, 
etc., and, in some cases, toluene-^-sulphonyl 
groups. Acid dyes are characterised by con¬ 
siderable differences in water-solubility in 
presence of acid, and it has been known for a 
long time that those dyes having a high 
solubility figure easily give level shades even 
from strongly acid baths, but at the same 
time they are not so readily exhausted as are 
less soluble dyes. They are termed easily- 
levelling dyes and, apart from their wide use as 
straight dyes, they are commonly used as shading 
or matching dyes for other classes of dyes by 
direct addition of their solutions to the boiling 
dye liquor. This is a very important feature of 
dyeing in acid baths, since it enables matching to 
bo carried on without cooling the dye liquor. 
In general, two main classes of acid dyes may be 
distinguished, viz. (1) those which can be 
applied from strongly acid baths and (2) those 
which give level shades best when applied 
from weakly acid baths. This represents, of 
course, a rough classification, since in each class 
there is considei’able variation as regards the 
best procedure to adopt in individual cases. 
The easily-levelling dyes represent class (1) ,• 
the dyebath contains the dye, 3-4% of 168°Tw. 
sulphuric acid and 10-20% Glauber’s salt on the 
weight of w'ool. The material is entered at 
60-65°C., the liquor raised slowly to boiling-point 
and boiling continued for J-l hour. The bath 
may be used again after it has been refreshed 
by addition of 10% Glauber’s salt and the same 
amount of acid as that used in the previous 
dyeing operation ; such a bath is termed a 
“ standing bath,” and level shades are obtained 
more readily from it than from fresh baths. 
Lightly twisted yarns and open-texture goods 
are easily dyed by the above process ; goods 
which resist penetration of liquors should be 
entered into the dye liquor at a lower initial 
temperature and only about half the acid used at 
the start, the remainder being added as dyeing 
proceeds. Formic acid may be used in place of 
sulphuric acid, as the choice of a particular 
acid is often a question of economics. The 
molecules of class (2) dyes are more highly 
aggregated in solution than those of class (1), 
and the dyes tend to rush unevenly on to the 
fibres at elevated temperatures. A weaker 
acid, therefore, is used, e.g, 3-6% of 30% acetic 
acid, and dyeing is started at a lower tempera¬ 
ture, e,g. 40°C. In cases where the liquor-wool 
ratio is of a low order, e.g. in pack machine, etc., 
dyeing, it is best to start dyeing with 6-8% 
ammonium sulphate or acetate. This practice 
is advisable also in practically all cases where, 
owing to the nature of the wool material or dye, 
there is a danger of unlevel (uneven) dyeing 
taking place. Acids induce swelling of the wool, 
promote exhaustion of the dye liquor and, by 
increasing the pore size of the fibres, facilitate 
the penetration of the dye particles into the fibre 


substance, thereby aiding towards their proper 
fixation. Their influence on the rate of absorp¬ 
tion of the dye is usually in the diminishing order 
—sulphuric acid, formic acid and acetic acid. 
The slower the rate of dyeing, the more uniform 
is the resultant shade ; but, in modern practice, 
the period of dyeing cannot be prolonged unduly 
for obvious reasons. Hence, when one of the 
acids named is used, it is customary to add 
initially a neutral salt, e.g. Glauber’s salt or 
sodium acetate, whereby the even distribution of 
the ultimate dye particles throughout the fibres is 
promoted. An additional amount of acid is added 
in the final stage of the process in order to exhaust 
the dye liquor of its dye content as completely 
as possible. At the same time, the physical 
properties of wool are affected favourably in 
presence of a boiling dilute acid liquor, whilst 
the dye itself becomes more firmly “ fixed.” 

GoodalVs Process .—It has been the custom 
for many years in some branches of the wool 
dyeing industry to start the dyeing operation 
with acid dyes at or near boiling-point in a 
' neutral or mildly acid liquor ; this practice has 
been particularly suitable for dyeing blacks and 
other deep shades on certain types of wool 
material, although its utility has not been over¬ 
looked in dyeing hosiery yarns which tend to 
felt badly when boiled for too long a time. 
Recently, however, Goodall (J. Soc. Dyers and 
Col. 1938, 54, 46) has shown from the results of 
large-scale work that well-penetrated and level 
dyeings are invariably obtained, even when 
using acid dyes which normally only give level 
shades with difficulty, if the wool is entered direct 
into the boiling dyebath containing the dye and 
ammonium sulphate. This modification of dye¬ 
ing practice has jjroved to bo very successful 
with many dyes. Its conception appears to 
have been based partly on the view that level- 
dyeing is closely associated with the size, i.e. 
the number of molecules, of the individual 
aggregates or colloidal particles of the dyes 
dispersed in the dye liquor ; at low tempera¬ 
tures, such aggregates are large and do not 
easily penetrate wool, whereas at boiling-point 
they are small and the wool swollen, thus 
leading to good penetration and uniform distribu¬ 
tion of the dye particles. 

Some of the direct cotton dyes are excellent 
dyes for wool ; they are best applied from a 
neutral boiling bath, and a little acetic acid 
added from time to time during the dyeing 
process. They behave almost like acid dyes, 
but owing to the highly colloidal nature of 
their solutions, they tend to form higher 
molecular aggregates, in presence of acids, than 
ordinary acid dyes, and thus exhibit a strong 
tendency to give unlevel dyeings on wool if too 
much acid is present initiaUy in the dyebath. 

The Coomassie Navy Blues or Sulphon 
Cyanines, etc., are important dyes belonging to 
this class ; they differ from most direct dyes in 
having little affinity for cotton, but are used ex¬ 
tensively for the production of navy-blue 
shades on wool. Since they tend readily to 
undergo decomposition in presence of reducing, 
agents as well as in. presence of comparatively 
weak concentrations of acids at boi^g-point, 
they are best applied from a neutral bath, 
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containing a small amount of sodium dichromate, 
preferably just below the boiling-point. Long 
boiling should be avoided. These dyes have a 
high colour value and the shades are reasonably 
fast to many agencies. 

A few acid dyes, e.g. Alkali Blues, are dyed 
from a mild alkaline bath and the colour 
developed by passing the “ dyed material 
into warm dilute sulphuric acid. 

Application of Mordant Dyes ,—These dyes are 
applied to wool which has been previously 
mordanted with suitable metallic salts. The 
most important of the latter is sodium di¬ 
chromate, commonly termed “ chrome.’* When 
wool is boiled for about 1 hour, in a solution 
containing 2-3% of sodium dichromate on the 
weight of the wool, it acquires a yellow colour ; 
this colour is more pronounced if a mineral acid is 
added to the mordanting bath. Contrary to 
general opinion, very little, if any, of the 
sodium dichromate is reduced by the wool; 
the mordant produced on the wool in the above 
method is termed an oxidising mordant, and, of 
course, wool mordanted in this way can be dyed 
only with dyes which are not apjweciably 
affected in colour values by oxidising agents, or 
with dyes which require to be oxidised before 
lake-formation can take place, e.g. Logwood. 
Since most of the true mordant dyes do not 
require to bo oxidised partially before lake-forma¬ 
tion occurs, and as they give brighter chromium 
lakes in the absence of an oxidising mordant, it is 
customary in most cases to mordant wool with a 
so-called green chromium mordant by using a 
solution of “ chrome ” in presence of an 
organic reducing agent, e.g. cream of tartar, 
lactic acid, formic acid, etc. About 3% sodium 
dichromato and 3-4% cream of tartar, or 
1*5-2% sodium dichromato, 3-4% of 50% 
lactic acid and 1% of 168°Tw. sulphuric acid, 
can be used. Mordanting starts at about 00- 
70°C. ; the temperature is then raised slowly to 
boiling-point and boiling continued for about 1 
hour. The mordanting agents enumerated above 
are reduced in amount if pale shades are to be 
dyed. After mordanting, the goods are rinsed, 
and dyed as soon as possible ; they should not 
be dried. Dyeing is started cold in a fresh bath 
containing a little acetic acid ; the temperature 
is raised slowly to boiling-point and kept at this 
point until the colour-lake formation is complete; 
the dye liquor is exhausted, if necessary, with 
acetic acid. In some cases, the mordanting 
bath may be cooled to about 60°C., the liquor 
neutralised with ammonia and the dissolved 
dye added ; dyeing is then continued gradually. 
Those acid-mordant dyes which do not need to 
be oxidised partially before correct lake forma¬ 
tion takes place may also be dyed on wool 
mordanted with green chrome mordant. 

Application of Acid-Mordant or Chrome Dyes .— 
These dyes are used largely in the dyeing of 
all classes of wool materials. Their chroniium 
lakes are exceedingly stable. The black dyes 
of the series, e.g. Solochrome, Eriochrome, 
Diamond Chrome, Omega Chrome, etc., are used 
in very large quantities, especially on loose 
wool and piece goods. Some members of the 
series are derived from the true mordant dyes 
hy simple sulphonation, e.g. Alizarin Bed S is I 


the sodium salt of alizarin monosulphonic acid. 
The majority, however, contain a solubilising 
group, e.g. SOgH or COOH, which has been 
introduced indirectly, i.e. via one of the inter¬ 
mediates used in making the dye, and their 
chromium lakes cover the whole range of the 
spectrum colours. One of the best-known 
methods of applying acid-mordant dyes to wool 
is termed the “ after-chrome ” or “ top-chrome ” 
process. A general method of this type is 
carried out as follows. Dyeing is started at 
40-50°C. in a bath previously charged with 
2-3% acetic acid and the requisite amount of 
dye. The temperature of the dye liquor is raised 
slowly to boiling-point, and boiling continued 
for ^ hour ; 1-2% formic acid is then added, and 
after a further short boiling period, the dye 
liquor should be almost colourless, i.e. it is 
exhausted. It is next cooled a little, the 
requisite amount of sodium dichromate added 
(in solution) and a final period of boding carried 
on for about J-f hour. Various modifications 
of this process are in use owing to the peculiarities 
of some of the dyes of the series, e.g. sensitivity 
towards oxidising agents, and the nature of the 
material to be dj’^ed. In the case of tightly 
twisted, or felted, goods, satisfactory penetration 
is secured best by using less acid at the start or 
by replacing it with ammonium acetate. Where 
absolute uniformity of shade (levelling) is 
required, as in yarn and piece-dyeing, it is 
best to add larger amounts of Glauber’s salt 
at the start of the dyeing process. Percentages 
are based on weight of material. Copper vessels 
are rarely used now with these dyes, since many 
members of the series readily form copper lakes 
differing in colour from those of the correspond- 
! ing chromium lakes, and the unwanted lakes 
may appear as stains on the dyed material after 
the final chroming operation. 

The remarkable stability of the chromium 
lakes obtained as described above has been 
shown by G. T. Morgan and J. D. Main Smith 
(J. Soc. Dyers and Col. 1925, 41, 233) to be due to 
the fact that they exist as co-ordinated com¬ 
plexes, in which the metallic atom is held 
tenaciously by caliper-like or chelate groups, i.e. 
by twofold associating groups in the dye mole¬ 
cule. These groups should be contiguous, i.e. in 
the o-position to one another, in order to yield 
lakes of the highest stability. A typical example 
is the chromium lake of Eriochrome Red B: 
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Here the co-ordination number of the chromium 
is completed by three molecular proportions of 
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the hydroxyazo radical (r. Co-ordination 
Compounds). 

The colours of the fully developed chromium 
lakes are often widely different from those of the 
unchromed or semi-chromed dyeings, and this 
phenomenon often causes difficulty in matching 
shades. In loose wool dyeing, however, this 
difficulty is less troublesome, since an additional 
batch of wool can be dyed in such a way as to 
“ correct ” an “ off-shade ” dyed in a previous 
batch, the actual correction taking place by 
blending or mixing in the subsequent manu¬ 
facturing operations. In order to overcome 
partially the above-mentioned difficulty and to 
reduce the time of dyeing, the so-called Meta¬ 
chrome, Chromate, Chromosol, etc., processes 
are available for selected dyes. These are so 
designed that combination of the dye-acid with 
the fibre, and lake-formation, with or without a 
preliminary oxidation in certain cases, take 
place concurrently. It follows, therefore, that 
the final shade is developed slowly without such 
abrupt colour changes as those which often 
occur in the after-chrome process. Moreover, 
matching to shade can be done with the original 
acid-mordant dyes, whereas matching to shade 
in the after-chrome process is done with 
easily-le veiling acid dyes, which, although 
unaffected by the boibng acid “ chrome ” 
liquor of the bath, are less fast to various 
agencies and, consequently, have to be used with 
discretion. A wide recognition of these facts has 
led to the present dyeing practice, in which the 
after-chrome process is being more and more 
confined, so far as piece goods are concerned, 
to the production of blacks, navy-blues and other 
dark shades, whilst medium and pale shades 
are dyed best by the metachrome or allied 
process. Example : The dyebath is prepared 
with 3% ammonium sulphate or 6% ammon¬ 
ium acetate, the requisite amount of dye and 
about half its weight of sodium dichromate. 
Sufficient ammonia is added to the sodium 
dichromate to convert the chromium trioxide 
into ammonium chromate (metachrome process). 
The product in this case, therefore, is a mixture 
of ammonium and sodium chromates. (The 
original solid metachrome mordant consisted of a 
mixture of ammonium sulphate and sodium 
chromate.) The temperature of the liquor is 
raised slowly to boiling-point, and boiling 
continued for J-} hour ; acetic acid (2-5%) 
is then added, and boiling carried on for 
another J hour. Matching is done, at boiling- 
point, by adding small amoimts of easily- 
levelling acid dyes. Shades produced in this 
way are invariably brighter, but less “ full ” 
than when dyed by the after-chrome process. 
Those dyes which need to be partially oxidised 
before lake-formation begins, e.g, Carmoisine 
WS, Solochrome Black PV, etc., are unsuitable 
for this process. A large number of acid- 
mordant dyes can be dyed also on chrome- 
mordanted material ; the reduced chrome- 
mordant is usually preferred. In the “ chrome 
in the bath ” process, both dye and sodium 
dichromate are added to the bath at the start 
of the dyeing operation. This method finds 
fairly extensive use, especially in dyeing loose 
wool. 


Keference may be made here to certain groups 
of dyes related to those under discussion, but 
containing chromium as part of the dye complex 
itself, e.g. Neolan, Palatine Fast, etc., dyes. The 
members of groups of this type are mainly of 
use in dyeing wool and silk ; they are used 
also in printing. The colour lakes are gradually 
formed in the fibre during dyeing in a boiling 
liquor in presence of about 8% sulphuric acid, 
but the shade is practically the same throughout 
the process. Consequently, matching to shade 
does not offer the same difficulties as are experi¬ 
enced with some of the methods of applying 
ordinary acid-mordant dyes. Moreover, the 
dyes are less sensitive to metals than are ordinary 
chrome dyes. The colour lakes are exceptionally 
fast to various agencies, and are brighter than 
corresponding shades obtained by the after- 
chrome jjrocess. The fairly high concentration 
of mineral acid used, however, tends to induce a 
varying amount of degradation of the wool 
fibre. In order to lessen this action, some of the 
acid can be replaced by special proprietary 
“ salts.” After dyeing, the wool is washed v^ell 
and neutralised with ammonia. The copper 
lakes of acid-mordant dyes are fixed occasionally 
on wool, e.g. Erio Fast Purple A and Erio Fast 
Red BC, which appear to consist of Eriocihrome 
Black A and Palatine Chrome Violet respec¬ 
tively, mixed with a suitable amount of copper 
sulphate. 

Vat Dye.8 .—Indigo is the most important vat 
dye for wool, although a few of its derivatives as 
well as derivatives of benzoquinone, etc., are 
used to a fair extent under the name Helindone 
dyes (IG) in dyeing pale shades on worsted 
slubbing via the corresponding weakly alkaline 
leuco-compounds. The high alkali-concentra¬ 
tion needed when using leuco-compounds of 
anthraquinonoid vat dyes precludes any extension 
in the use of these dyes for wool, quite apart 
from the question of cost and the difficulty in 
matching shades. The hydrosulphite-ammonia 
vat (dyeing solution) is used almost universally 
for dyeing wool ; the warm fermentation vat is 
used also to a limited extent. The reducing 
action of sodium hydrosulphitc on a typical vat 
dye, e.g. Indigo, in presence of alkali, may be 
expressed as 



^-03 


/ 


+ Na,Sjj04+4Na0H 



+ 2 NajS 03 + 2 H ,0 

Sodium salt of leuco-Indigo. 


The hydroxyl-ion concentration of a vat 
containing Indigo, sodium hydrosulphite and 
ammonia is not high enough to produce a dear, 
reasonably stable solution of the ammonium 
salt of leuco-Indigo, although the presence of 
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glue exerts a favourable influence in the desired 
direction. It is on this account that commercial 
leuco-Indigo pastes invariably contain a definite 
amount of fixed alkali. Excess of the latter in 
a working vat, however, not only increases the 
solubility, but retards the absorption of the 
leuco-compounds. The dyeing of wool materials 
with Indigo is not now of such great importance 
as it was one or two decades ago. 

Hydrosulphite-Ammonia Vat. —A stock vat is 
prepared with II lb. 20% Indigo paste, 6^ 
gallons water at about 60°C., 3^ lb. 33% 
caustic soda solution and 3^ lb. sodium hydro¬ 
sulphite. A rectangular working vat for piece 
goods of about 600 gallons capacity contains 
water at 60°C., to which the following substances 
are added : 3% of 25% ammonia and 2% 

sodium hydrosulphite on the weight of the wool 
to be dyed ; 2-3% freshly dissolved glue also 
may be added if desired. Sufficient of the stock 
vat solution is then added, and, after stirring and 
allowing the liquor to settle, the scoured piece 
of cloth is passed into the vat (which should be 
alkaline to phenolphthalein) as an endless band, 
via a so-called hawking machine which keeps it 
moving in open-width form just beneath the 
surface of the liquor for about 20 minutes. The 
cloth is then squeezed in rope form, oxidised 
by exposure to air, and rinsed ; as a rule, 
this process is used for bottoming cloth, i.e. 
for producing a pale or medium shade of Indigo 
termed an “ indigo-point,” which is then dyed 
or “ topped ” to a fuU Indigo navy-blue, etc., 
shade with cheaper dyes, e.g. acid dyes, chrome 
dyes, or even dyes of the Coomassie Navy Blue 
type. 

So-called pure Indigo shades contain, there¬ 
fore, a varying percentage of Indigo, the re¬ 
mainder consisting of ” topping ” dyes often 
belonging to the fast acid-mordant series. Acetic 
instead of sulphuric acid should always be used 
with chrome in developing ” topping ” dyes in 
presence of Indigo. In machine dyeing of loose 
wool, oxidation is often effected by circulating a 
weak solution of hydrogen peroxide through the 
material. Various types of machines and 
modifications of the above processes are in use. 

Warm Fermentation Vats. —These are used 
in various countries to a limited extent. They 
vary according to the availability of suitable 
raw materials. Thus, the Woad vat is prepared 
with Indigo, bran, Madder, Woad and lime, 
whilst the bastard vat contains, in addition to 
the above ingredients, soda and syrup. The 
soda vat is prepared with Indigo, bran, syrup. 
Madder, soda, etc., whilst the suint vat, which 
is still used in the Balkans, is prepared with 
suint extracted from raw wool together with 
potash, etc. Primitive vats of an allied nature 
are used in various parts of eastern Asia. 

Application of Indigosol and Soledon Dyes .— 
Wool is dyed in a similar manner to that 
adopted for ordinaiy acid dyes, although it is 
advisable to use only ammonium sulphate 
with all dyes except those derived from Indigo, 
since they do not easily give level results. A 
fairly long boiling period is needed, and 1-10% 
acetic acid may be added subsequently to 
exhaust the dye. The development operation 
is carried out in the same bath as soon as 


the initial “ dyeing ” operation is completed. 
Indigosol O needs a bath containing 7 parts 
concentrated sulphuric acid per litre of water, 
and 0*4-0*8% of sodium nitrite for 1% and 4% 
dyeings respectively. Development takes place 
at about 30°C. Other dyes of the scries applied 
to wool are developed in a bath containing 
1-3% of ammonium thiocyanate and 0*7-3'5% 
of sodium dichromate. After working the 
“ dyed ” material for J hour, 10 ptirts con¬ 
centrated sulphuric acid per litre of liquor are 
added, the temperature raised to 85°C. in ^ hour, 
and the liquor kept at 85-95”C. for a further 
i hour. The presence of ammonium thiocyan¬ 
ate appears to give clearer shades, owing, no 
doubt, to its action in retarding over-oxidation 
of the dyes. Indigosol Green IB (apparently 
similar to Soledon Jade Green) is applied to 
wool from a weak sodium hydrosulphite bath, 
and developed with nitrous acid. The degree 
of concentration of sulphuric acid in the 
developing baths is of great importance and 
needs to be checked carefully. 

Application of Azoic Dyes to Wool and Silk .— 
Progress in the production of azoic dyes on 
protein fibres has been retarded mainly by two 
factors, viz. (a) the knowledge that animal 
fibres are liable to suffer degradation when 
treated with caustic alkalis, and (6) the Limited 
demand for dyeings of this type on wool and 
silk. Everest and Wall (J. Soc. Dyers and Col. 
1928, 44, 105) have shown, however, that both 
wool and silk have an affinity for j8-naphthol, 
Brenthol AS, etc., when these are used in the 
form of suspensions in presence of soap, 
ammonia or sodium carbonate. Impregnation 
of the wool may take place, therefore, at 
, temperatures which would be prohibitive if 
caustic alkali were present and excellent dyeings 
are produced on subsequent development in 
diazo-salt solutions. 

Silk Dyeing. 

Preliminary Operations, (o) Degum- 
ming. —Raw silk contains about 26% of an 
external layer of gum (sericin) which is often 
removed completely before dyeing. 

Souple Silk. —This is produced by soaking raw 
silk in a 10-12% soap solution containing a little 
soda ash. It is then treated in a bath containing 
3-4% cream of tartar and 1-1-5% sulphuric 
acid ; this operation is termed “ softening.” 
If necessary the silk may be bleached in a 
sulphur stove before softening. In “ soupling,” 
a loss in weight of about 6-10% occurs. In 
degumming proper, the skeins of raw silk are 
suspended on sticks, or placed in sacks, and 
entered into a bath containing 25-30% good 
quality soap on the weight of the material. 
The liquor is heated to 90-95°C., and the silk, 
which is treated for about 1-2 hours, is turned 
once only during this period. A second treat¬ 
ment in a bath containing 10-16% soap is 
usually given. Special degumming machines are 
available now ; finally, the skeins are stretched 
by machine to obtain the maximum lustre. 
The whole of the sericin or silk gum, and soap, 
etc., left in the liquor is termed “ boiled-off 
liquor.” It possesses excellent levelling and 
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emulsifying properties, and may be used as an 
addition to weakly acid dyebaths. Wild silks 
are scoured (degummed) with 3-4% soda ash, 
on their weight, at about 95-98°C. 

(6) Bleaching .—This is carried out best with 
hydrogen peroxide in the manner outlined under 
Wool Dyeing—Preliminary Operations (p. 139). 

(c) Weighting .—Degummed silk is rarely 
weighted more than 100%. Three methods are 
in use, viz. mineral, vegetable and mineral- 
vegetable methods. 

Mineral Weighting .—The silk is immersed in 
cold 53°Tw. stannic chloride for 1-2 hours, 
then washed well in water and hydro-extracted. 
Next, it is placed in 7'5-10°Tw. sodium phos¬ 
phate at 60®C., and the temperature of the bath 
raised slowly to 80“C. After 1 hour it is hydro- 
extracted, rinsed and hydro-extracted again ; 
these operations may be repeated as many as 
4 times according to the amount of weighting 
required. Finally, the silk is rinsed thoroughly 
and treated with 7-5°Tw. aluminium sulphate 
for about 1 hour, hydro-extracted, rinsed and 
steeped in 6-10 °Tw. sodium silicate at 50°C. 
for 1 hour, and washed well. A final treat¬ 
ment in a solution of thiourea is said to 
increase the ordinary resistance to tendering of 
tin-weighted silk. 

Weighting with Vegetable Extracts .—This 
method is carried out commonly after dyeing; 
sumac and gall extracts are used for pale 
shades and divi-divi and cutch extracts for dark 
shades. The extract (about 100-200%) is 
added to the hot exhausted dye liquor and the 
silk turned until the temperature has fallen to 
40-60°C. This treatment gives about 100% 
weighting. The treated goods do not become 
tender so readily as mineral-weighted silk 
goods ; also, they are not so easily affected by 
perspiration. 

Mineral-Vegetable Extract Weighting .—The 
silk is steeped in 53°Tw. stannic chloride for 
a short time, rinsed, placed in 2% soda ash 
solution for 10-15 minutes, rinsed and then 
treated as described under vegetable weighting. 

Dyeing.—Silk, like other protein fibres, 
has an affinity for members of nearly all classes 
of dyes. Mordant dyes, however, apart from Log¬ 
wood Black, are not used to any great extent. 

Substantive dyes are largely used ; selected 
dyes give shades of good fastness to washing 
and light. Some of them are applied either from 
a boiUng bath containing a little soap or 
Glauber’s salt, whilst others give satisfactory 
results only in the presence of acetic acid ; 
in the latter case, boiled-off liquor may be 
added to the bath. After-treatment processes, 
e.g. diazotising and developing, are not often 
used, although treatment of certain dyeings 
with formaldehyde gives good results. 

Acid dyes also are of considerable importance 
in silk dyeing ; a few members of this class can 
be dyed from a neutral Glauber’s salt bath or a 
soap bath, and are of use in dyeing silk-mixture 
fabrics. Easily-levelling dyes may be applied 
from a bath contaiomg about 1 gallon of 
boiled-off liquor per 10 gallons dye liquor, which 
is acidified (broken) with sulphuric acid before 
dyeing begins. Weighted silk may be dyed with 
add dyes in faintly acid baths. 


Basic dyes are used to a small extent for very 
bright shades, in spite of the fact that their 
fastness properties leave much to be desired. 
They may be applied from a bath containing 
broken boiled-off liquor, or from an ordinary 
acid bath, etc. 

Vat dyeings on silk are finding increased 
favour in the colouring industry. The fibre is 
not so sensitive to alkali as is wool and, since 
dyeing with alkali-reduction products of these 
dyes rarely takes place above 50°C., there is not 
much danger of the silk undergoing hydro¬ 
lytic change, especially if a small amount of a 
suitable so-called “ protective-colloid,” e.g. glue, 
is present in the dyebath. Apart from slight 
diff erences in some of the mechanical appliances 
used, the procedure is analogous to that 
described under Cotton Dyeing ; both indigoid 
and anthraquinonoid vat dyes are used, but the 
remarks already made concerning the fastness 
properties of some of the former apply with 
equal force in silk dyeing. The actual dyeing 
operation is completed, as a rule, in J-l hour ; 
the silk is then wrung or hydro-extracted and, 
in most cases, exposed to air for ^ hour or 
longer, rinsed, soured, rinsed and developed. 
Several dyeings, e.g. anthraquinonoid violets, 
dark blues, blacks, etc., can be washed oft‘ 
directly, then soured, washed and developed. 
The last operation consists in a treatment with 
0*3-0*5% soap solution at boiling-point for 
J hour ; it is indispensable for the development 
of the full beauty and fastness properties of vat- 
dyeings. Many vat dyes are fast to degum- 
ming, so that raw silk may be dyed with them 
and developed, dried aT}d then used in the manu¬ 
facture of coloured woven goods ; subsequently, 
the latter are subjected to a degumming opera¬ 
tion to clear the silk portions of the fabrics. 
Effect threads of schappe silk for use in wool 
goods, etc., are often dyed with vat dyes in 
order to obtain shades fast to light and milling. 

Indigosol and Soledon dyes are applied by 
either of the following processes : (a) The silk 
is padded in a liquor, containing (in parts) 1-5 
dye, 2-5 Glyecine A (dithioglycol), about 890 
water, 60 neutral gum 1:1, 20 sodium chlorate 
solution (10%), 10 ammonium thiocyanate solu¬ 
tion 1:1, 10 ammonium vanadate solution (1%), 
and 10 Nekol BX solution (10%). The liquor is 
kept at 30-40°C., and the padded silk is dried, 
steamed for 30 minutes, washed and soaped. 
(6) In this method, the silk is padded in the 
following liquor at 30-40°C. : 1-10 dye, 2-15 
Glyecine A, 50 neutral gum 1:1, about 930 water, 
and 10 Nekol BX solution (10%) ; the silk is 
dried, steamed for 20 minutes and developed 
(open width) in a solution containing 0*2 g. 
sodium dichromato and 6 c.c. 168°Tw. sulphuric 
acid per litre water at 60®C. Finally, the cloth 
is rinsed well and soaped at boiling-point for a 
few minutes. The steaming operation can be 
omitted in some cases. 

Dyeing Union Matbbials. 

The various problems associated with methods 
of dyeing union goods have become more com¬ 
plicated since artificial fibres were introduced 
into the different branches of the textile industry. 
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A few notes relating to the production of solid 
and/or two-colour eflects on a few union materials 
of the older and newer types may be of interest. 

(i) Wool and Viscose Eayon. —(a) Wool Cloth 
Containing Viscose Rayon “ Effect ” Threads ,— 
The wool is dyed with acid dyes in the usual 
way and, as “ effect ” cellulose threads are 
usually left white (unless, of course, they are 
already coloured), the material is boiled finally in 
the exhausted bath, which has been made 
strongly acid with formic acid ; wool and 
cuprammonium rayon unions are dyed also in 
this manner, {h) Warj) or Weft of Viscose Rayo7i. 
—The wool is dyed as before, rinsed, neutralised 
and the viscose rayon then dyed with substantive 
cotton dyes at about 140“b\ A resisting agent, 
e.g. Katanol WL or (JG), may be added 
to the bath in the second part c)f the process to 
prevent the wool from becoming stained. 
(Cotton-wool unions are dyed similarly or, in 
some cases, solid shades are dyed with sub¬ 
stantive dyes.) (c) Both fibres may be dyed in 
the same bath with substantive cotton dyes and 
neutral-dyeing wool (“ acid ”) dyes. 

(ii) Cellulose Acetate and Viscose Rayon 
Mixtures. —The viscose rayon is dyed with 
substantive cotton dyes, which do not stain the 
cellulose acetate rayon, and the latter with 
members of the special groups of dyes already 
mentioned. Dyeing can be carried on in one 
and the same bath. Two-colour effects of all 
kinds (excepting black on cellulose acetate 
rayon and another colour on the viscose rayon) 
can be obtained in this way. When the former 
is to be black, the fabric is “ dyed ” first with 
Dispersol Diazo Black, rinsed, and the coloured 

ortion diazotised and developed with )9- 
ydroxynaphthoic acid. The viscose rayon is 
then dyed with substantive cotton dyes. 

(iii) Cotton and Viscose Rayon. —Solid shades 
are obtainable by careful choice of direct dyes 
and controlling the amount of Glauber’s salt 
used, and also the temperature. 

Selection of Dyes in Dyeing Processes. 

The success with which textile colouring pro¬ 
cesses are conducted on a commercial scale is 
dependent largely on the selection of the most 
suitable dyes for the particular type and kind 
of material to be dyed. Thus, a dye having a 
low solubility figure is of little use for dyeing 
tightly packed fibres or tightly spun yam or 
sewing thread. Easily soluble dyes should be 
used also for yarn wound on cops or cheeses. 
Innumerable additional points associated with 
dye selection in modern dyeing procedure 
have to be considered from time to time. The 
question of the fastness of the colour-effects 
to various agencies is of outstanding import¬ 
ance ; indeed, the consideration of this 
question, especially from the wool-dyer’s stand¬ 
point, may be said to take precedence over all 
others. Some goods must be dyed with fairly 
bright colours reasonably fast to light, washing 
and perspiration (costume cloths) ; others need 
to be dyed with colours fast to hea\^ milling, etc. 
(men’s wear). Other fastness requirements of 
' colours specified firom time to time for different 
fibres are fastness to sea-water, alkalis, cross- 
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dyeing (acid), kier-boiling, mercerising, various 
finishing operations, etc. 

It is mainly on account of the foregoing con¬ 
siderations that dye manufacturers have 
divided nearly all classes of dyes into sub¬ 
groups according to the general properties and 
applicability of the members of each group. It 
is possible now, therefore, for the expert dyer 
and colourist to select highly satisfactory dyes— 
apart from a few exceptional cases—to suit the 
needs of almost every phase of the textile and 
allied industries. 

Stripping.—Some of the common colour 
defects met with in dyeing practice are uneven 
shades, shades of too deep a nature, wrong 
colour tones, etc. The usual method of 
correcting them is to resort to the operation of 
stripping. Many acid dyeings, for example, are 
partly strip])ed from wool by boiling with 
Glauber’s salt solution with or without a little 
ammonia. Decolorisation of the fibre dyed with 
azo dyes may be achieved by treatment with a 
boiling organic acid solution of a sulphoxylate- 
formaldehyde compound. Even Indigo on wool 
is considerably reduced in intensity by this 
method. Many dyes are ordy slightly affected by 
reducing agents, or if they arc afiected, the 
original colour may return on exposure to air. 
Dyed goods of this kind are best (-on verted into 
blacks or other dark shades. >SoTne of the sub¬ 
stantive cotton dyes are i.>artly stripped by 
alkali ; a mixture of sodium hydrosulphite and 
caustic alkali strips most of the azo dyes com¬ 
pletely. Many of the yellow substantive dyes 
cannot be stripped. Several of the azoic reds 
are strongly resistant to pov'crful reducing 
agents ; long boiling may be required. Quicker 
results are obtained at temperatures above 
lOO^C. Fabrics containing rayon need to be 
treated with great care in stripping processes. 
It is best, perhaps, in such cases, to attempt 
first to reduce the colour intensity by means 
of a hot soap solution. If this is u.seless, a mild 
treatment with (a) hot alkaline sodium hydro¬ 
sulphite or (6) cold dilute sodium hypochlorite 
may bo tried. Titanous salts are powerful 
reducing agents. An interesting method of 
stripping dyed cellulose acetate rayon goods 
consists in treating them, at 180°F., with a 
suspension of activated carbon (2 g. per litre) 
in soap solution, in presence of substances 
such as dextrin, glue, etc. Stripping is an 
indispensable operation in rag dyeing and also 
in garment dyeing. Numerous modifications of 
the methods outlined are in use. A product 
known as Lissolamine (ICI) has been introduced 
recently (c/. B.P. 400239, 422556 and 422466) as 
a stripping promoter for use mainly with 
azoic dyeings. The dyeing is boiled for 45 
minutes in the stripping bath, which contains 2% 
Lissolamine A, 4% sodium hydrosulphite and 
3% caustic soda on the weight of the material ; 
the liquoi>-material ratio is about 20 :1. The 
stripped material has a pale yellow colour, but 
this is removed by treatment in j^^Tw. sodium 
hypochlorite for about 15 minutes, followed by 
rinsing, souring and rinsing. Rowe and Owen 
(J. Soc. Dyers and Col. 1936,52, 205) have shown 
that the peculiar behaviour of Lissolamine A, 
which is a long-chain quaternary ammonium salt, 
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is due to its power, under the conditions in the 
stripping bath, of maintaining the azoic dye in a 
fine state of dispersion and counteracting the 
normal tendency of boiling caustic soda solution 
to induce aggregation of the dye particles. Lissol- 
amine A is of use also in stripping other kinds of 
dyeings, e.g. Alizarin Reds, vat dyes, etc. 

Fur Dyeing.—Here two distinct methods 
are in use, viz. “ tipping ” and dyeing. In the 
former case, the guard hairs are lightly “tipped” 
by brushing with the “ dye ” solution. The 
fur hair itself is often “ tipped,” especially when 
the pelts have a pale or objectionable hue. 
Many interesting effects can be obtained by 
careful selection of “ colours ” in conjunction 
with discharging agents. The usual procedure 
in dyeing furs is as follows. The skins are 
milled with sawdust, combed and brushed by 
hand or machine, treated with a 6% sodium 
carbonate solution at 25-30°C. for 2 hours, 
or with a wetting-out agent containing a 
grease solvent, washed, acidified with acetic 
acid, and washed again. Skins with hard 
hair are given an additional treatment with 
cold, dilute calcium hypochlorite solution, and 
finally washed. Furs that cannot be dyed with 
ordinary dyes are usually mordanted with 
metallic salts and then dyed with selected 
dyes. Acid dyes may be applied at 40°C. 
Temperatures up to 70“C. may be used if the 
skins are first chrome-tanned in presence of 
formaldehyde. Browns and blacks are often 
produced with the aid of amines or diamines, 
followed by oxidation, e.g. aniline, m- and p- 
phenylenediamine, etc. The furs are finally 
treated for a short time with an olive oil soap 
emulsion, centrifuged and dried slowly. 

Spray-dyeing. —Solutions of dyes in water 
or organic solvents are now commonly forced 
from “ guns ” on to textile fabrics, leather 
materials, straw, etc., to give variegated or 
uniform colour-effects. Special spray guns are 
used for the purpose ; they are supplied with 
air at a pressure of about 30-40 lb. per sq. in. 
Leather coats are often re-finished—after stain¬ 
ing with dyes, if necessary—with low-viscosity 
cellulose lacquers, which are applied from a 
“ gun ” in the form of a fine spray. After 
evaporation of the solvent, a thin, pliable, trans¬ 
parent, lustrous film of a plasticised cellulose 
ester firmly attached to, and showing good 
penetration of, the leather is produced. This 
process is a modification of that used in lacquer¬ 
ing motor-car bodies, but the lacquers are 
specially compounded to give elastic films. 
Beautifiil ombre and graduated colour-effects 
on velvet, plush, silk, voile, etc., may be pro¬ 
duced with aqueous solutions of dyes by the 
spray process. 

Theory of Dyeing. 

Modem views on this subject still appear 
to be somewhat divergent, although Speakman 
(J. Soc. Dyers and Col. 1926, 41, 172) has 
advanced reasons in support of the view that, 
so far as the dyeing of wool and silk with 
ac0 and basic dyes is concerned, there is no 
essential difference between the chemical, 
el^rical and adsorption theories. Wool is 


regarded as an amphoteric substance containing 
free amino-groups ; it also contains a large 
number of — -CO — NH — groups. Its iso¬ 
electric point is round about 5. Consequently, 
neglecting the — CO — NH — groups, wool will 
behave as a base on the acid side of this point, 
owing to repression of the ionisation of the 
carboxyl groups, whereas it will act as an acid on 
the alkaline side of the isoelectric point, owing, 
this time, to repression of activity of the amino- 
groups. Increase of pj,, therefore, causes 
wool to have an increased affinity for basic dyes, 
whilst decrease of causes it to dye more 
readily with acid dyes. Moreover, both the 
amino- and carboxyl groups in wool take pre¬ 
ference over the — CO — NH — groups. De¬ 
amination of wool enables the latter to combine 
at once with acids, but as they are in consider¬ 
able excess, there should be little difference in 
the affinity of wool and de-aminated wool for 
acid dyes; this is found to bo the case. De- 
aminated wool contains more carboxyl groups 
available for combination than ordinary wool 
at the same p^. Hence the affinity of the 
former for basic dyes should bo increased. 
Speakman (Z.c.) discusses the experimental 
evidence obtained by various workers in this 
field of research, and maintains that it affords 
a proof of the foregoing chemical theory of 
dyeing. According to the electrical theory, the 
dyeing of wool is considered to be due to the 
mutual precipitation of oppositely charged 
colloids. The electrical charge on wool, under 
various conditions, however, is similar to that 
developed between gelatin solution separated 
by a collodion film from an external solution. 
It can be explained on the basis of Donnan’s 
theory of membrane equilibria (Z. Elektrochem. 
1911, 17, 672). Wool is its own membrane and 
is completely permeable to the ions of ordinary 
acids and alkalis. Furthermore, the charge on 
wool arises from its power of combining 
chemically with acids and alkalis, so that there 
is really no difference begween the chemical and 
electrical theories. Donnan’s theory, however, 
applies to homogeneous membranes, and wool 
cannot be included in this category. 

The foundation of the so-called adsorption 
theory is based merely on the action of residual 
valencies in the adsorbent and dye, whereas the 
chemical theory is concerned with primary val¬ 
encies. According to Elod (Trans. Faraday Soc. 
1933, 29, 327-347), the equilibrium conditions in 
an acid bath (either sulphuric, hydrochloric or 
picric acid) for wool are those required by 
the Donnan membrane theory, in the wool- 
acid-water, fibre-protein-acid and dye-acid- 
I water systems. The formation of protein salt 
(colourless acid and fibre) is followed by replace¬ 
ment of the colourless anion in the salt by the 
coloured anion of the dye. As the hydrogen 
ion concentration increases, a maximum of the 
dye-acid combination occurs at about Pij 1-3, and 
this point was found to coincide with the maia- 
mum rate of combination between the fibre and 
the dyes tested. It is shown, also, that undyed 
wool “ takes up ” more acid than dyed wool, this 
difference being stoichiometrically equivalent 
within the limits of experimental error. The 
retarding and equalising actions of neutral 
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salts in the dyebath also are explained readily 
by Donnan’s membrane theory. 

It appears as if the dyeing of cotton and re¬ 
generated cellulose rayon with substantive 
cotton dyes can be explained in some measure 
from the standpoint of the adsorption theory. 
In other words, the operation of residual forces 
of chemical combination, between active groups 
of cellulose molecules on the one hand and those 
of dye molecules on the other, plays a part in 
the phenomenon termed “ affinity ” or “ sub- 
stantivity.” In this connection it may be noted 
that the elucidation of the ultimate structure 
of cellulose by Haworth, as shown in various 
papers published by the Chemical Society, and its 
remarkable confirmation by workers on the X- 
ray structure of this substance, throw a new 
light on previous conceptions of cellulose as a 
comparatively inert compound. It is probable, 
however, that the different, but characteristic, 
phenomena associated with the various methods 
of colouring fibrous materials will be attributed, 
ultimately, to physical causes, accompanied, in 
widely varying degree, by chemical interactions 
of a comparatively low order of magnitude as 
exemplified by residual valency forces. Accep¬ 
tance of this view, which does not, of course, 
embrace the phenomena involved in the actual 
formation of a dye within a fibre, e,g. an azoic 
dye, naturally implies that no matter what kind 
of a “ non-chemical theory of dyeing is 
advanced for any specific process, it cannot be 
divorced from, at least, mild chemical pheno¬ 
mena. In the case of cellulose acetate rayon, 
the dyed fibre is regarded generally as a solid 
solution of dye in the fibre substance, but even 
here there is probably a certain amount of 
mutual attraction—due to residual valency 
forces—between the active groups in the 
molecules or molecular aggregates of the solute 
(dye) and solvent (cellulose acetate). 

Abbreviations Used. 

(ICI)== Imperial Chemical Industries, Ltd., Man¬ 
chester. 

(IG)~I.G. Farbenindustrie A.-G., Frankfurt. 
(SCI)=Ges. fiir Chemische Industrie in Basel. 
(Gy)=J. R. Geigy A.-G., Basel. 

(S)=:Chem. Fab. varm. Sandoz & Co., Basel. 
(K)™Kuhlmann, Compt. Nat. de Mat. Col. et 
Manuf. do Prod. Chim. du Nord Reunies, 
Etab., Paris. 

E. C. 

IDENTIFICATION OF DYES ON 
TEXTILE FIBRES. 

The identification of a dye, and especially the 
constituents in a mixture of dyes, responsible 
for a specific colour effect produced on textile 
fibres by dyeing, printing or other colouring 
process invariably calls for the exercise of 
considerable skill and, above all, knowledge 
based on long experience in this branch of dye 
chemistry. This statement applies with par¬ 
ticular force when only small amounts of pale 
dyeings or printed colour effects produced with 
mixtures of dyes have to be examined. The 
problems involved are often of such a nature 
that it is essential for the investigator to be 


familiar not only with the chemical structures 
and properties of modem dyes and fibres, but also 
with the general and special methods of textile 
colouring processes, including the various reasons 
for the wide variations which occur in the selec¬ 
tion of dyes for the different classes of fibrous 
materials. Some dyes offer a high resistance as 
regards alteration of colour or removal from 
fibres when treated with various chemical 
agents, whilst fibres, in general, may suffer 
degradation to such an extent that complications 
of a type rarely met with in straightforward 
methods of analysis are introduced. Since the 
compounds to be identified are coloured, and 
fixed, more or less firmly, either physically or 
chemically or in both ways, to the fibrous 
stratum, it will be evident that tests based 
on temporary or permanent decolorisation or a 
decided colour change of the dyeing or print in 
presence of suitable reagents are of great 
importance. In view also of the fact that the 
members of some groups of dyes can only be 
applied successfully to a particular type of fibre, 
it follows that a considerable amount of help 
in the identification of the dyes on commercial 
dyeings and prints is often achieved by a process 
of elimination. Those acid-mordant dyes, for 
example, which can be developed properly on 
wool only by the use of chromic acid can be 
eliminated in an attempt to identify chrome- 
mordant dyes printed on cotton, since the use of 
chromic acid on cotton at a temperature 
approaching that required for developing these 
dyes on wool would induce oxidation, and 
consequently tendering, of the cotton material. 
On the other hand, those acid-mordant dyes 
which can be fixed on wool with salts of chromic 
oxide, e.g. chromium fluoride, may also be used 
as mordant dyes in calico printing. Again, it is 
not often to-day that basic dyes are used in 
colouring wool and silk, and they have a 
limited application in the colouring of rayon 
fibres. Also, mordant dyes, as metallic lakes, 
are seldom used on rayon fibres and only 
occasionally for dyeing cotton, whereas they are 
used fairly frequently in printing cotton and 
occasionally in printing rayon. The appear¬ 
ance of a dyeing, e.g. bright or dull, more 
particularly on wool, is sometimes of service 
in aiding the work of identification. This 
factor also is often of importance in attempting 
to identify a particular method of dyeing when 
more than one is available. Thus, an acid- 
mordant wool dyeing, other than very dark 
shades, which has been produced by first mor¬ 
danting the wool with a green chrome mordant 
or by the metachrome process will usually be 
brighter in shade than a similar dyeing produced 
by the after-chrome method (c/. Dyeing, p. 141). 
In cases of this kind, comparative dyeings by 
the two processes can be made easily if informa¬ 
tion relating to the method of dyeing is required. 
The examination of dyeings for the presence of 
metals frequently gives information of value, 
although the detection of chromium on wool may 
indicate not merely the presence of a mordant 
or acid-mordant dye, but also Xndigosol, Soledon, 
etc., dyes. The presence of copper, chromium, 
etc., in coloured substantive dyeings is usually 
an indication that the dyeing has been treated 
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with a suitable metallic salt solution subsequent 
to dyeing or that the dye used contained copper, 
etc., in the molecule. If chromium is found in a 
cotton print, however, a mordant or acid- 
mordant dye is usually indicated. Innumerable 
other items of value in helping to determine the 
exact nature of dyeings and prints accumulate 
by observation and experience in this branch of 
analytical chemistry. The identification of a 
dye in substance is usually less difficult than the 
identification of the dj^es present on dyed or 
printed fibres, since, as a rule, only small com¬ 
mercial dyed and printed samples are available. 
Moreover, in the case of a dyeing, it is seldom 
that a single homogeneous dye is present. 
If a sufficient amount of a mixture of dyes can¬ 
not be removed in solution from a dyeing without 
altering the composition of the dyes to any 
material extent, it is almost useless to attempt 
to separate them by capillary absorption, 
whereas this method is of prime importance in 
the examination of mixtures of dyes in sub¬ 
stance. Even when dyes can be separated in 
sufficient amount from dyeings by dissolution 
followed by cai)iUary absorption, it is often 
found that an insufficient amount of the dyeing 
is available for examination on these lines. 
Information of value may frequently be obtained 
by transference of a dye on one fibre to a different 
typo of fibre. 

Numerous attempts have been made to intro¬ 
duce systematic schemes of analysis since 
Wit t, in 188G, first suggested a system of identi¬ 
fication of dyes based on the colour changes that 
occur in presence of acids and alkalis, and on 
reduction with zinc dust. Later, Weingaertner 
(1887) suggested improvements to Witt’s 
scheme and introduced the present universally 
used sprinkling or blowing and fractional 
dyeing tests for dyes in substance. In 1905 and 
1907, Green, in association with various 
collaborators, published important schemes for 
the Identification of Dyes on Animal and 
Vegetable Fibres (c/. J. Soc. Dyers and Col. 1905, 
21, 236 ; 1907, 23, 252 ; also “ The Analysis 
of Dj^estuffs,” London, C. Griffin & Co., Ltd., 
1915). The investigations had been conducted 
on the lines of those already mentioned, but the 
ultimate methods advanced represented the first 
satisfactory schemes of analysis based on a 
systematic procedure in the examination of 
dyeings and dyes. The methods have been used 
with little alteration for about 30 years. An 
entirely new series of Tables, how^ever, was 
introduced by the present author in 1937 (J. 
Soc. Dyers and Col. 1937, 53, 178). The new 
Tables have been developed on similar lines to 
those adopted originally by Green, but they 
have been created and arranged with a view 
to the simplification of the analytical technique 
involved, and with due regard to modem 
developments in dyeing, printing and allied 
colouring processes ; only one of the standard 
reagents originally used by Green is retained in 
the new Tables. It has not been considered 
necessary to allocate a special column for the 
detection of basic dyes on animal fibres, since 
members of this class of dyes are of much less 
importance for colouring these fibres than they 
were 20-30 years ago. 


Since the multiplication of testing reagents in 
any scheme of analysis is undesirable, only one 
reducing agent is recommended for testing 
dyes on both protein and cellulosic fibres ; 
this consists of a solution of sodium sulpho- 
xylate-formaldehyde (Formosul) containing 
ethylene glycol ; it is termed Formosul G in 
the accompanying Tables. Only a very few 
reducible dyes resist alteration when boiled in 
this reagent for a brief or a comparatively long 
period. 

Many substantive dyeings on wool and silk 
do not stain white cotton appreciably when 
boiled in 1% ammonia or 5% sodium acetate 
solution ; a new procedure, which gives good 
results with ordinary and most after-treated 
dyeings, is described. A simplified method of 
transferring basic dyes from cotton to wool is 
given, whereby the special reagent termed 
“ saline caustic soda ” used in Green’s tables is 
not required. 

In practically all orderly schemes of identifica¬ 
tion of dyeings and prints hitherto advanced, 
attempts have been made, first, to place the dye 
in an appropriate class according to its method 
of application, i.e. whether it is a mordant, 
substantive, vat, sulphur, etc., dye, and 
secondly, to place it in its respective chemical 
group, t.e. to classify it according to the nature 
of the characteristic structural group contained 
in its molecule. 

The initial procedure, of course, in the 
examination of any typo of coloured fibrous 
complex should be directed towards the 
identification of the fibrous material itself. 
Several artificial fibres, almost unknown 
a little more than 20 years ago, e.g. viscose, 
cuprammonium and cellulose acetate rayons, 
casein and synthetic resin fibres, etc. (c/. Dyeing, 
pp. 122-125), are in regular use now, either 
alone or in conjunction with natural fibres, with 
the result that the problems associated with 
the identification of dyes on fibres cover an 
ever-extending field of great complexity. Special 
ranges of dyes for cellulose acetate rayon have 
been introduced, but most of them are closely 
related in chemical structure to well-known dyes, 
so that the main reactions in dye analysis, viz. 
the temporary and permanent alterations from 
coloured to colourless or differently coloured 
compounds, are applicable. Dyes for cellulose 
acetate rayon are characterised by the absence 
from their molecules of strong acid polar 
groups, i.e. the so-called solubilising groups ; in 
other words, they are mainly basic in character 
and, as a result, they are soluble in many organic 
solvents, oils, etc. The other types of rayon are 
coloured commercially by means of dyes adapted 
for cotton. A scheme of classification of dyes 
according to methods of application, t.e. dyeing 
classes, is included under Dyeing (p. 126). 
The classification showm on pp. 150-154 resolves 
dyes into chemical classes according to the 
precise structures of their characteristic groups. 
Fibre Groups .—Since the identification of the 
dye or dyes on a fibre is effected by the study and 
comparison of their reactions with the known 
reactions of specific groups of dyes, including 
their behaviour towards the different fibres, 
it follows that the problems involved in any 
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scheme of analysis will be simplified further if 
commercial fibres are divided into groups in 
accordance with their distinctive affinities for 
members of the different classes of dyes. At the 
same time, a classification of this kind enables 
the analyst to check carefully the suitability and 
commercial utility of colouring agents for par¬ 
ticular fibres in relation to the results obtained 
in the laboratory. Fibres may be classified 
conveniently into (a) protein, (b) cellulosic and 
(c) synthetic fibres. Wool and other animal 
hairs, silk, casein, etc., fibres, are under (a); 
fibres made from viscose-synthetic nitrogenous 
resins may also be included in this class. Cotton, 
linen, viscose, cuprammonium and cellulose 
acetate rayons, Cotopa and Crestol fibres 
(cellulose monoacetates), jute, hemp and China 
grass are in class (6), whilst class (c) includes 
the new synthetic fibres termed nylon and 
Vinyon. 

General Procedure .—The dyeing or print is sub¬ 
jected first to a simple stripping test. As a 
result, positive evidence may be gained con¬ 
cerning the dyeing class to which the dye on the 
fibre belongs. On the other hand, a negative 
result enables the analyst to eliminate various 
classes of dyes, thus narrowing the field of search. 
Next the behaviour of a fresh pattern towards a 
strong reducing agent and the reaction of the 
treated pattern in presence of air, or a com¬ 
pound which yields nascent oxygen, usually 
gives a positive clue to the chemical class or 
classes to which the dye or dyes belong. The 
particular reducing agent originally suggested 
by Green (Z.c.) consisted of faintly acid and 
alkaline solutions of sodium siilphoxylate- 
formaldehyde, a small amount of a catalytic 
agent, e.g. anthraquinone, being present in one 
form of the mildly alkaline reagent so as to 
enable the latter to exert a more powerful 
reducing action than the normal type of reagent 
on certain azo dyes, etc., which are difficult 
to reduce. The present author uses a sodium 
sulphoxylate-formaldehyde solution containing 
ethylene glycol, i.e. Formosul G. Apart from 
the fact that ethylene glycol appears to act as 
a stabilising agent on storage of the reagent, its 
addition is made with a view to raising the 
boiling-point of the reagent to a few degrees 
above lOO'^C. 

When the chemical and dyeing classes to 
which a dye belongs have been identified, it is 
not a difficult matter, as a rule, to identify the 
actual dye itself, or, at any rate, a closely 
related brand of dye. If the sample is a red acid 
dyeing on wool, for example, and the dye is 
found to belong to the triarylmethane class, a 
dye of the Acid Magenta typo is indicated. 
The problem is not so easily solved, however, 
if the dyeing contains several dyes. If desired, 
confirmation of results may be obtained by 
noting the reactions of many dyeings towards 
cold concentrated sulphuric and hydrochloric 
acid respectively, and also to caustic soda, etc., 
and comparing them with reactions for dyes 
given in reference works (c/. Colour Index, 
edited by F. M, Rowe, Bradford, 1924). If 
necessary, pieces of wool, etc., are dyed with one 
or more brands of the type of dye found to be 
present and the shades and reactions of the 
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dyeings compared with those exhibited by the 
dyeing under examination. 

Reagents. —The chief reagents required in 
testing dyeings and prints on aU classes of fibres 
according to the schemes presented in the 
accompanying Tables (pp. 158-171) are : (1) 
Dilute Ammonia (1 c.c. ammonia, 0-880 sp.gr., 
in 100 c.c. water) ; (2) 5% Caustic Soda Solution ; 
(3) 6% Sodium Carbonate Solution', (4) 5% 
Ammonium Chloride Solution ; (5) 3% Hydrogen 
Peroxide ; (6) Vat Dye Developer (8 g. ammonium 
chloride and 1 g. ammonium persulphate dissolved 
in 100 c.c. cold water) ; (7) Formosul O (20 g. 
Formosul are dissolved in 75 c.c. hot water and 
diluted with 75 c.c. cold water and 50 g. ethylene 
glycol); (8) Ethylenediamine (the commercial 

product is colourless, has sp.gr. 0*97 and b.p. 
117°C. ; it is readily'' soluble in water and 
contains 60-70% of base) ; and (9) Developer 0 
(1 g. ammonium persulphate and 0*5 g. ammo¬ 
nium dihydrogen phosphate dissolved in 100 c.c. 
water). 

Experimental Procedure. —The actual tests are 
carried out in boiling tubes with small samples of 
the dyeings. Each test, apart, of course, from 
the treatment of reduced dyeings, is carried out 
with a fresh sample of the dyeing or print. 
Immediately after boiling a sample in Formosul 
G, it is often best to dilute the reaction liquid 
with warm or cold tap-water. Pale dyeings, 
and dyeings on material which offers resistance 
to the penetration of liquids, e.g. felt, should 
always be treated in this way and, if necessary, 
the reagent, after dilution, should be examined 
for the presence of colour by placing the tube 
! on a white tile and looking down through the 
liquid. In many cases, no restoration of a 
suitable reduction product to its original colour 
tone takes place until a few drops of a liquid 
capable of liberating nascent oxygen are 
added. 3% Hydrogen peroxide is very suitable 
j for this purpose, but care should be taken not 
to use excess ; there is no need to boil the liquid 
or pattern in this test, although slight warming 
often facilitates the reaction. 

Identification of Dyes on Wool and Silk. 

The chief classes of dyes which are most 
likely to be present on wool fibres are (a) acid 
dyes and (6) metallic dye-lakes produced by the 
use of acid-mordant dyes, dyes containing a 
co-ordinated metal, usually chromium, and a 
few true mordant dyes. Dyes used on a very 
much smaller scale are represented by members 
of the vat dye series, especially Indigo, and other 
members of the indigoid class, etc., including also 
those dyes derived from the Indigosol, Soledon, 
etc., series, substantive and basic dyes; a few 
azoic dyes may be found occasionally on animal 
fibres. Acid and substantive dyes are, perhaps, 
the most important dyes for silk, although mem¬ 
bers of all the classes used for wool may be found 
on this fibre. 

Rosie Dyes on Wool and Silk. —These dyes 
are extracted readily either with boiling acetic 
acid or alcohol. Brilliant pinks are produced 
occasionally on both fibres with Rhodamines, 
and bright blues with Turquoise Blues. Triaryl¬ 
methane beusic dyes which have been transferred 
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♦ Cf, Eowe, “ The Development of the Chemistry of Synthetic Dyes (1856—1938).” London: Institute of Chemistry, 1939. 
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As in Thioflavine T (basic dye). 
(Cf. Colour Index, No. 815.) 
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Cf. Rowe, “ The Development of the Chemistry of Synthetic Dyes (1856—19381.” London : Institute of Chemistry, 1939, 
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to wool from cotton are reduced readily with 
Formosul G, and reversion to the original colour 
tones occurs on warming the rinsed patterns in 
Developer 0. 

Acid Dyes on Wool and Silk. —The identifica¬ 
tion of the various groups of these dyes ofiFers 
little difficulty. Most azo acid dyes are de¬ 
colorised readily on boiling in the standard 
reducing agent ; a few members of this group are 
reduced to a pale yellow colour, which can only 
be decolorised with difficulty. The anthra- 
quinonoid acid dyes are reduced to various 
shades of yellow, orange-red, etc., but the tone 
of the original colour is restored on airing or 
by a weak solution of hydrogen peroxide. 

Azine acid dyeings are reduced easily to colour¬ 
less compounds, but revert to the original colour 
when placed in cold tap-water ; the reaction 
liquids behave similarly. 

Triaryl methane acid dyeings also are de¬ 
colorised, but considerable variation in the 
degree of resistance to Formosul G is shown by 
different members of this group of dyes. 
Furthermore, variation in the ease with which 
the fully reduced dyeings are oxidised to the 
carbinol bases by mild oxidising agents ^ intro¬ 
duces a somewhat complicated problem. As a 
rule, some of the exceptionally bright blues, 
greens and violets are pecubarly prone to give 
difficulty in this respect, especially when ex¬ 
amined in artificial light. When dyes of this 
type, e.g. Patent Blues, are suspected, the 
method of examination adopted by the present 
author is as follows — The dyeing is boiled for 
minute in 6% sodium carbonate solution. The 
extract may be deeply or only faintly coloured. 
If the former condition prevails, a small amount 
of caustic alkali is added to the extract and the 
liquid boiled until it is either decolorised or 
acquires a very pale lilac or corresponding tint. 
Glacial acetic acid is then added, drop by drop, 
until the original colour of the dye develops. If 
the sodium carbonate extract is only faintly 
coloured and the dyeing shows a diminution in 
colour intensity, it is usually found that either 
addition of a slight excess of ammonium chloride 
and boiling for a few seconds, or addition of acetic 
acid, develops the original colour of the dye. 

Acid-Mordant Dyes including Dyes containing 
Co-ordinated Metals. —^A large number of the 
azo compounds in these groups are very 
resistant to the action of Formosul G ; for ex¬ 
ample, most of the red and black “ chrome 
dyeings can be distinguished from ordinary 
azo acid dyeings by this difference in behaviour. 
Preliminary boiling with 16% hydrochloric acid, 
however, breaks up the lakes of all azo metal- 
serous dyes on wool, and, in most cases, there 
is sufficient of the metal-free dye left on the 
sample, after rinsing well, to enable the analyst 
to detect easily the presence of the azo group. 
Similar tests hold good for metalliferous dyes on 
silk, although, in some oases, it may be necessary 
to use more highly concentrated hydrochloric 
acid than that recommended for wool dyeings 

^ After reduction with Formosul G, the pattern is 
washed well in cold water and placed in Developer O; 
all leuoo-compounds of triarylmethane add dyes revert 
to the original colour tones of the dyeings and prints 
on gently warming the solntlon. 


and to boil for a longer period. Thus, a Neolani 
Pink B dyeing on Tussah silk is extremely diflBi- 
cult to reduce ; boiling for J minute in 30% 
hydrochloric acid is necessary to eliminate the 
metal from the lake. A more satisfactory test 
introduced by the present author (J. Soc. 
Dyers and Col. 1937, 53, 179) is as follows: 
The sample is w^armed in ethylenediamine for 
J-1 minute, when a considerable portion of the 
dye is dissolved from the fibre vdthout altera¬ 
tion in colour ; on addition of a little sodium 
hydrosulphite, permanent decolorisation of the 
solution takes place almost immediately, 
especially on warming. The chromium lake of 
the triarylmethane mordant dye, Eriochrome 
Azurol B, behaves like an oxazine dye after 
reduction, i.e. the original colour tone is restored 
quickly on airing or by tap-water, although the 
reversion does not occur so rapidly, and the 
intensity of the restored colour is not so pro¬ 
nounced, as in the case of an oxazine dye. This 
distinctive behaviour seems to indicate that the 
chromium in the molecule is present in the form 
of an o-co-ordinated colour-bearing link, since 
I the reduced non-chromed dyeing behaves like 
those obtained from ordinary triarylmethane 
I dyes, i.e. mild oxidation with nascent oxygen is 
needed to develop the p-quinonoid coloured 
structure. 

Substantive Dyes on Wool and Silk. —Almost 
all substantive dyes on wool, whether after- 
treated or not, can be detected by boiling the 
dyeing in 5% sodium carbonate solution for 
about i minute in presence of white cotton ; the 
latter is stained readily, especially if allowed to 
remain in the (tooling liquid, and little action 
occurs on boiling the stained cotton in 1% 
ammonia. Substantive dyeings on silk may be 
distinguished from acid dyeings in a similar 
manner, although in the case of this fibre, it is 
best to use 5-10% caustic soda solution. Even 
Primuline Ked, on silk, stains white cotton in 
this test. Some exceptions to this general test 
are the azo dyes of the Cooraassie Navy Blue 
and Black, or Sulphon Cyanine, types. These 
are generally applied to wool and silk from 
neutral or very sbghtly acid baths, but, although 
closely allied to substantive azo dyes in chemical 
structures, they stain white cotton in this test 
only to a comparatively slight extent. Identifica¬ 
tion of dyeings of this type, however, may be 
achieved by boiling the wool dyeings in 1% 
caustic soda solution, when a dull yellowish 
colour results (Rowe and Dangerfield, J. Soc. 
Dyers and Col. 1936, 52, 55). A somewhat 
similar effect, except that the fibre is not dis¬ 
integrated, is obtained with both wool and silk 
dyeings on boiling with 50"'Tw. sodium bisulphite. 
The possibility of the presence on wool of other 
dyes sensitive to the action of a mild alkaline 
reducing agent, e.g. wool in presence of boiling 
alkali, should be borne in mind in carrying out the 
foregoing test. 

Vat Dyes on Wool and Silk. —These are 
indicated by more or less pronounced colour 
changes on heating the samples in the standard 
reducing agent. If excess of the latter is then 
removed and the pattern washed twice in nearly 
boiling water, the original colour tone of the 
sample is restored ; the addition of a little 3% 
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hydrogen peroxide to the last rinsing water 
facilitates this reversion. In many cases, the 
reducing solution obtained by heating the wool 
dyeing in 1% caustic soda solution is sufficiently 
strong to form the leuco-compounds of certain 
vat dyes, especially those of the indigoid series, 
and use may be made of this action in the 
differentiation between various members of the 
vat dye classes. Indigo itself is also easily 
detected by warming a pattern in concentrated 
sulphuric acid, cooling and diluting with water. 
A blue solution in which white wool is dyed 
blue indicates Indigo. The leuco-compounds 
obtained by the caustic soda-wool method 
quickly revert to the parent dyes ; if, for 
example, a few drops of a “ vat ” formed in this 
way are poured on to filter paper, the colour of 
the parent dye is produ(;cd almost immediately. 
Vat dyeings on w^ool produced via Indigosol, 
Soledon, etc., dyes often contain chromium; 
traces of this metal may be present also in 
similar colour effects, either prints or dyeings, 
on silk or cotton. 

Byes termed “ topping ” and “ bottoming ” 
dyes are commonly associated with Indigo on 
worsted and wooUen goods. I^ogwood is 
indicated if a red colour, changing to violet on 
addition of stannous chloride, is produced on 
boiling a pattern in 6% hydrochloric acid; 
chromium will be present in the ash. Other 
types of mordant or acid-mordant dyes, etc., 
are detected in the usual way after the Indigo 
has been removed from a pattern by boiling it 
in a suitable selective solvent, e.g. pyridine. 

The remarkable action of ethylencdiamine 
on most classes of dyeings and prints affords 
a simple, but excellent, means of removing 
them as solutions from the fibre for fimther 
examination. In suitable cases, dyes on wool 
and silk are converted into their leuco-com¬ 
pounds, whilst in other cases more or less com¬ 
plete dissolution and removal of the dye take 
place. Indigo, its halogeno-derivatives and 
other related dyes on wool are reduced to their 
leuco-compounds on standing for a short time at 
room temperature, and almost instantaneously 
on heating to about 50-00°C. in presence of 
ethylencdiamine. A considerable amount of 
dye appears to be removed first by dissolution, so 
that a comparatively strong vat is formed, but 
sufficient leuco-compound is invariably left on 
the fibre to give the usual colour-reversion effect 
on oxidation. This reversion effect is seldom a 
rapid one when the oxygen in tap-water is used to 
produce it (distinction from oxazine dyes, etc.), 
but is facilitated by pouring the reaction mixture 
into Vat Bye Beveloper. 

Azoic Dyes on Wool and Silk .—The presence of 
azoic dyes on wool and silk is suspected when 
negative results are obtained in testing for the 
usual classes of dyes. Hot ethylencdiamine 
extracts of the patterns are decolorised readily 
and permanently by sodium hydrosulphite 
(distinction from vat dyes). Most azoic dyes 
on wool and silk yield slimy residues, of the 
same intense colours as the original dyes, on 
boiling patterns in 6% and 10% caustic soda 
solutions, respectively (distinction from acid- 
mordant and mordant dyes) and many yellow dye¬ 
ings and prints change to orange or red colours. 


iDBNTDnOATION OF ByES ON CbLLULOSIO 

Fibbes. 

Basic Dyes on Various Cellulosic Fibres .— 
The patterns are boiled first with caustic soda 
solution ; the dyes are then transferred to wool, 
but instead of using Green’s “ saline caustic 
soda ” method, the following procedure gives 
excellent results and there is no need to touch 
the pattern in the boding tube until the dye has 
been transferred to wool and its class determined. 
The sample is placed in a boiling tube, covered 
with 1 c.c. 5% caustic soda solution, and 
boiled for a few seconds ; 4 c.c. 6% ammonium 
chloride solution are then added and the whole 
boiled again. A piece of white wool is intro¬ 
duced next and the liquid allowed to cool ; 
most of the dye is “ taken up ” by the wool from 
the cooling liquid. 

Substantive Dyes on Cellulosic Fibres. —Prac¬ 
tically all dyes of this class, whether after- 
treated or not, are stripped to a considerable 
extent on boiling for i minute in 5% caustic soda 
solution. (In a few cases the colour of the dye¬ 
ing alters distinctly or much of the colour may 
be discharged). If a little white mercerised cot¬ 
ton is then added to the extract, a fair amount of 
dye is absorbed by the cotton from the cooling 
solution and this dye is not stripped by boiling 
1% ammonia. The readiness with which strip¬ 
ping in 5% caustic soda solution takes place and 
the degree of stripping, as judged by the depth of 
colour of the solution, are important clues in 
helping the analyst to distinguish between 
straight dyeings and those which have been 
after-treated. Primulino, after-treated with 
bleaching powder solution, and several coupled 
and diazotised and developed dyeings, are 
examples of substantive dyeings whicli are only 
slightly affected by 5% boiling caustic soda solu¬ 
tion ; some patterns change colour ; others 
yield solutions differing in colour from the 
patterns, and white cotton is not, or only very 
slightly, stained in the cooling liquids. In cases 
where it is desired to prove conclusively that the 
dye present is substantive to cellulose, a pattern 
is shaken for some time with a little cold 
I ethylencdiamine, the coloured extract diluted 
with water, white cotton introduced, the solu¬ 
tion heated to 80®C., a little common salt added 
and the whole allowed to cool. The cotton is 
stained and the stain is not removed by boiling 
1% ammonia. 

Buring recent years, a few substantive dyes 
which give straight shades of good fastness to 
alkalis have been introduced. Amongst these, 
dyes giving pale blue dyeings are the most 
important, e.g. Sirius Supra Blue FFRL, Kigan 
Sky Blue G, etc. Pale dyeings of these products 
on cotton and viscose rayon are not appreciably 
affected by boiling 5% caustic soda solution. 
They are stripped white, however, in about a 
J hour by cold ethylenediamine. Kigan Sky 
Blue G dyeings change to red on boiling in 
Formosul G, but the colour reverts to the original 
colour tone in presence of alkali and tap-water. 
A dyeing of Sirius Supra Blue FFRL is decolor¬ 
ised on boiling in 1% caustic soda solution con¬ 
taining a little sodium hydrosulphite, but the 
white material develops the original colpur 



DYEING. 


157 


tone on rinsing well in tap-water. Apparently* 
a dye of this type belongs to the dioxazine series. 
In some cases, an azo group or an anthraquinonoid 
ring may also be present in members of this and 
related new classes of substantive dyes. 

As a rule, most substantive dyeings contain 
azo-groups and are decolorised readily with 
boiling Formosul G ; azo dyes containing stil- 
bene groups behave in the same way, but yellow, 
orange, etc., dyeings containing both stilbene- 
azo and thiazoleazo groups are reduced to dull 
yellowish-brown tones and in pale shades may 
appear to be decolorised. Azo dyes containing 
Primuline residues are reduced to yellow shades, 
and decolorisation invariably occurs with those 
azo dyeings containing only one thiazole group. 
Some members of the diazotised and developed 
series are best boiled in 5% caustic soda solution 
to which a little sodium hydrosulphite is added. 
This procedure should also be adopted with 
discharge and resist prints on cotton and 
rayon ; a pattern containing both ground and 
illuminating dyes should be boiled in the reagent 
until decolorisation and/or colour changes of each 
portion have occurred ; the pattern is then 
rinsed and placed in Vat Dye Developer. Vat 
dye discharges on diazotised and developed azo 
dyeings are detected readily in this way. 

The possibility of the presence of dioxazine 
substantive dyes on viscose rayon dyeings 
should not be overlooked. 

Sulphur Dyes on Cellulosic Fibres .—Patterns 
are boiled for \ minute in 16% pure hydrochloric 
acid and the liquid cooled. A few chips of 
pure zinc are added, the tube covered with 
filter paper moistened with lead acetate or 
mercuric chloride solution, the reaction allowed 
to continue for a few minutes and the test paper 
examined for the presence of lead sulphide or 
mercuric sulphide. The usual reduction test 
generally gives a nearly colourless product 
which reverts at once in presence of tap-water 
to the colour tone of the original dyeing (dis¬ 
tinction from most vat dyes). Dyeings of the 
Indocarbon Black type are not decolorised on 
boiling in 3"Tw. sodium hypochlorite solution, 
and they yield reddish solutions on boiling 
with ethylenediamine, but revert immediately 
to the original colour tone on dilution with 
water. Ordinary Sulphur Black dyeings yield 
greenish solutions when treated in the same way. 
Substantive dyes containing thiazole rings, and 
also vat dyes containing sulphur, evolve hydro¬ 
gen sulphide when reduced with hydrochloric 
acid and zinc as described above. Some 
of the brown sulphur dyes are exceedingly 
diflScult to reduce, but they are distinguished by 
their sensitivity in presence of boiling dilute 
sodium hypochlorite. 

Azoic Dyes on Cellulosic Fibres .—Most of 
these are reduced to colourless or yellow com¬ 
pounds by vigorous boiling in Formosul G, 
especially in presence of a little caustic soda. If 
Ho signs of reduction appear after boiling for | 
1-2 minutes, the sample is placed in boiling 5% 
caustic soda solution, to which a little sodium 
hydrosulphite is then added. All azoic dyeings, 
including the yellow dyes from Brenthol AT, 
Are reduced completely by this method. A re¬ 
agent consisting of equal volumes of 10% caustic 


soda solution and ethylene glycol monoethyl 
ether is recommended in place of 6% caustic 
soda solution when examining dyeings on 
viscose rayon. Most azoic dyeings are quickly 
attacked by cold 60-70% ethylenediamine, and 
this method of testing is used in the Tables. If 
the intensely coloured solutions are diluted with 
water and boiled for a few seconds they often 
become turbid owing to separation of finely 
divided pigments ; in some cases the suspensions 
exhibit fluorescent effects and many of them 
yield flocculent coloured precipitates on stand¬ 
ing. Azoic dyes in warm ethylenediamine 
solution are readily reduced on addition of a few 
drops of water and a little sodium hydrosulphite. 
The absolute identification of individual azoic 
dyeings and prints is rendered possible by an 
extension of the method described by Rowe 
and Levin (J. Soc. Dyers and Col. 1924, 40, 
218). 

Vat Dyes on Cellulosic Fibres .—These generally 
give positive colour reactions on boiling in 
Formosul G, especially in presence of a little 
caustic soda ; the original colour tones are 
restored either slowly or readily. The use of 
very hot rinsing water facilitates the change, 
whilst, in some cases, the addition of a few 
drops of hydrogen peroxide is effective. “ Vats ” 
may be produced by heating the dyeings at 
about 60°C. in 5% caustic soda solution to 
which a little sodium hydrosulphite is added ; 
white cotton can be dyed in the vat, whilst 
the original colour is developed at once if the 
contents of the tube are poured into an equal 
volume of Vat Dye Developer. Vat dyeings and 
prints may be distinguished quickly from most 
azoic dyeings and prints by either a negative 
result or comparatively slow reaction (in most 
cases) in presence of cold ethylenediamine. 

Some specific reactions of individual vat dye¬ 
ings have been published by Green and Frank 
(J. Soc. Dyers and Col. 1910, 26, 83) ; Bude 
(Melliand Textilber. 1924, 5, 602) ; Vais {ibid, 
1927, 8, 611) ; Jones and Kilby (J. Soc. Dyers 
and Col. 1925,41,127); and Herzog (“ Reactions- 
tabelle der Kupenfarbstofife,” Basle, 1933). 

BasiC‘Mordant Dyes .—The members of this 
class are confined mainly to gallocyanine 
derivatives, etc. They are not often found in 
wool and silk dyeings, but are of considerable 
importance in printing, especially calico printing. 
They are usually fixed as purple and blue 
chromium lakes. Their weakly acid solutions do 
not yield precipitates with tannic acid, whilst 
their chromium lakes on cotton are easily broken 
up by boiling 6% hydrochloric acid. If the 
acid solution is made slightly alkaline with 
concentrated ammonia, and any excess of the 
latter removed by addition of a little soh’d 
magnesium sulphate, it will be found that white 
wool is stained deeply in the cooling solution. 

Action of Ethylbnbdiaminb on Various 
Classes of Dyeings and Prints. 

References have been made previously to the 
uses of commercial ethylenediamine as a dye¬ 
testing reagent. It is of especial service in the 
rapid differentiation between vat and azoic dye¬ 
ings and prints on cellulosic fibres. Ethylen^- 
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treated with concentrated hydrochlonc or sulphuric acid, or 
mth 5% caustic soda solution. The two modem nitro dyes, 
known as Amido Yellow E and Polar Yellow Brown, are de¬ 
colorised on boiling vigorously in Formosul G. 
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JTote.—Basic dyeings are stripped to a considerable ♦ Dyeings of these classes on wool are usually reduced by f Cf, footnote marked ♦♦ in Table IV. 
extent on boiling in 5% acetic acid or alcohol. They are boiling for 1-2 min. in 1% caustic soda solution; reversion 
l^ntified as indicated in Table X. to orljnal colour takes place in presence of tap-water. 
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t Cf. footnote marked ♦♦ in Table IV. 
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♦♦ Cf. footnote marked ♦♦ in Table VI. 

NotS8,—{l) A Logwood Black dyeing gives a bright red (2) Aniline Black on silk is identified in the manner to dull yellowish-brown on boiling In 1% caustic sods 
K^tloii on boiling for 1 min. in 5% hydrochloric acid ; the outlined for this colouring matter on cotton (c/. Table XIV). solution. Dyeings on both wool and silk change tc 
pkl oolonr changes to violet on adding a crystal of stannous * Dyeings on wool produced ^vith the azo dyes, Coo- yellowish-brown on boiling for 1-2 min. In 50°Tw. sodlnn; 
Siloride, Chromium or iron is present. massie Fast Black B, Sulphon Cyanine Black B, etc., change bisulphite. 
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♦ AUzaziii on iron mordant gives a violet solution changing t Cf. footnote marked t In Table IX, ♦♦ Cf. footnote marked • In Table XI. 

to »sk orange cdonr; finally, the pattern is decolorised. 

White cotton is not stfdned on boiling a sample in 5% caustic § Cf, footnote marked § in Table Vrn. 

soda solution. 
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t Cf. footnote marked t in Table IX. • A few straight pale blue, violet, etc., dyeings on cotton and viscose rayon, e g. those obtained with Sirius Supra Blue FFRL, Rigan Sky 

Blue G, etc., are scarcely affected bv boiling 5% caustic soda solution. A dyeing of the first-named product is decolorised on boiling 
§ Cf. footnote marked § In Table Vm. in 5% caustic soda solution containing a little sodium hydrosulphite, but reverts to the original colour tone in presence of tap-water— 

Dioxazine dye. Rigan Sky Blue G dyeings change to red on boiling in Formosul G; they are decolori^d by boiling 5% caustic soda 
solution containing sodium hydrosulphdte, but do not revert to the original colour tones In presence of oxidising agents. 
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Ncit .—^The following types of green dyes are occasionally t C/. footnote marked t in Table IX. • C/. footnote marked * in Table XI. 

found on flbres—Janus Green (a Safranineazo dye); Chrome 

Green (a tiiarylmethane dye on chromium mordant); § Cf. footnote marked § in Table VIII. 

Diamond Green (an azo mordant dye); and Fast Printing 
Green (a nl^oeo-compound fixed with iron). 
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dyes, t,Q. several kinds of Khaki shades (con- t Gf. footnote marked t in Table IX. • Cf. footnote marked • in Table XI, 

i and iron), are detected according to crdinary § c/. footnote marked § in Table vttt. 
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Note .—Alizarin Black may occasionally be found on • Indocarbon Blacks withstand the action of boiling t Cf. footnote marked t in Table IX. 

prints. It changes to brown on boiling in Formosul G, but dilute sodium hj^pochloritc solution ; usually they change to 

the original colour is restored by nascent oxygen. Chromium pale slate-blue. § Cf. footnote marked § in Table 'V^I1. 

is present. 
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amine is one of the most powerful solvents of 
dyes known. It is now obtainable commercially 
at a reasonable price. In addition to its solvent 
action, the commercial product also possesses 
reducing properties, possibly owing to the 
presence of organic impurities. At the same 
time, the reagent may develop a mild reducing 
system in conjunction with organic fibrous 
materials on account of its alkaline reaction 
and moderately high b.p. of 117°C. A few vat 
dyes, both on wool and cotton, yield leuco- 
compounds when treated for some time with the 
cold reagent, but most anthraquinonoid dyes on 
celJulosic fibres are only slightly afi'ected ; the 
majority are removed, however, more or less 
completely, either by direct dissolution in the 
reagent at or near its boiling-point or in solution 
as their leuco-derivatives. In the latter case, 
sufficient leuco-compound is generally loft on 
the fibre to indicate the nature of the dyeing by 
the usual re-oxidation test. For example, a 
2% Caledon Jade Green XS dyeing on cotton 
loses much dye on boiling in the reagent for ^—1 
minute, and the solution is the same colour as the 
dyeing. A medium dyeing of Caledon Brilliant 
Purple 2R is stripped completely when treated 
in a similar manner. Some samphvs of com¬ 
mercial ethylenediamiiie appear to be slightly 
more efficient than others in their action on vat | 
dyes and it is best, therefore, to add a little 
glucose and a few drops of 50°1V. caustic soda 
to the reagent when testing for vat dyes on 
cotton, etc. All vat dyeings and prints yield 
leuco-compounds readily when treated in this 
way. 

One of the most important properties of the 
reagent is its power of dissolving from wool and 
silk fibres some of the fastest co-ordinated 
chromium lakes, e.g. the chromium lakes of 
Eriochrome Black T Supra, all the Neolan dyes, 
etc. The first named dyeing is capable of with¬ 
standing considerable boiling in 16% hydro¬ 
chloric acid without any of the dye being 
removed, but it is attacked rapidly by ethylene- 
diamine ; indeed, the action appears to precede 
the hydrolytic action of the reagent on the wool 
fibre. Also the cold reagent exerts a distinct 
action on dyeings of this type, especially on 
standing for some time. 

Most members of other classes of dyes are 
removed from different fibrous materials by the 
powerful solvent action of ethylenediamine. The 
actions in all cases are extraordinarily rapid, 
whilst such fibres as wool and silk are gradually 
disintegrated. Substantive dyeings on cotton 
and rayon are stripped readily, many of them in 
the cold ; a dark shade of Prirauline Red is 
stripped (reduced) by the boiling reagent to a 
paler yellow shade than the original Primuline 
dyeing. Basic dyes also are dtissolved readily 
and most sulphur dyeings are stripped. 

Another powerful solvent apparently obtained 
as a by-product in the manufacture of ethylene¬ 
diamine is knowTi commercially as Tetramine^ 
It is a mixture of condensed alkylenediamines of 
low molecular weight, and also contains imino- 
compounds, etc. It contains 30-40% available 

^ The commercial ethylenediamine and Tetramine 
mentioned in the text are manufactured by Carbide 
and Carbon Chemicals Corporation. 


nitrogen, which is slightly higher than the amount 
in ethylenediamine. Its odour resembles a 
mixture of acetamide and aldehyde-ammonia. 
The initial b.p. is 178X\ Tetramine strips all 
vat dyeings on heating, including indanthrone 
and its derivatives. A mixture of 3 parts 
ethylenediamine and 1 part Tetramine acts in a 
similar w%ay ; azoic dyeings also are stripped 
readily. There is no need, however, to utilise 
Tetramine in dye testing. 

Dyes on Cellulose Acetate Rayon. 

Most of the colour effects produced on cellulose 
acetate rayon are obtained by the use of dyes 
wliich do not contain strong acidic groups. As a 
result, dyeings and prints are stri})ped to a 
gr(‘ater or less extent by the action of selected 
organic solvents. Many dyes of this scries 
contain azo groups, and the resistance which 
they offer to decolorisation in presence of 
boiling reducing agents of the hormosul 
G type is dependent to a great extent on the 
accessibility of the dye particles. As a rule, 
longer boiling with reducing agents than is 
customary in cases of closely related dyeings on 
other fibres is necessary before it is safe to say 
wdietiier an azo group is present or not. Action 
takes place more quickly if the reducing agent 
contains a pow^erful hydrolysing agent, c.g. 
caustic alkali, and all azo dyeings on cellulose 
acetate rayon can be decolorised easily by first 
boiling the material in about 10 c.c. of 5% caustic 
soda solution and then adding a lillle sodium 
hydrosulphite to the boiling solution. 

A large number of colouring matters derived 
from various intermediate products have been 
patented for dyeing cellulose acetate rayon ; 
perhaps the most important of these in actual 
use are derivatives of anthraquinonc. Therefore, 
in addition to noting the behaviour on reduction, 
followed by oxidation, of suspected dyeings of 
this type, it is best, as a rule, to study their 
behaviour in presence of specific reagents, and 
then to consult suitable reference works, e.g. 
Colour Index, edited by F. M. Rowe, Bradford: 
32-34, Piccadilly; also Vol. I, p. 394. 

Basic dyeings, and vat dyeings produced via 
Indigosol, Soledon, etc., dyes, are identified by the 
tests given under Dyes on Cellulosic Fibres, p. 
156. If positive evidence of the presence of 
a particular chromophoric group is not obtained 
by direct methods, it may be necessary to devise 
indirect methods, e.g. cold sulphonation, 
followed by transference of the “ acid dye ” to 
wool for further testing ; or the fibre may be 
hydrolysed completely to water-soluble products 
by cold 98% sulphuric acid in cases where 
the dye itself is not appreciably attacked ; 
subsequently, the dye is recovered, washed, 
dried and examined by the usual methods. 

The new series of water-soluble dyes recently 
introduced by Imperial Chemical Industries, 
Ltd., under the name of Solacet dyes, for dyeing 
cellulose acetate rayon, appear to contain ester 
groups which are easily hydrolysed. Dyeings 
are stripped by boiling for about ^-1 minute in 
6% caustic soda solution. If the liquid is then 
cooled and mixed with an equal volume of water, 
a distinct white flocculent precipitate, apparently 
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consisting of the corresponding hydroxy- 
compound, is deposited. 

Cellulose acetate rayon is being coloured more 
and more frequently during its manufacture, 
e.g. by spinning a “ dope ” containing a very 
finely divided pigment such as carbon black, or 
intermediates which, on subsequent interaction, 
yield insoluble dyes. Methods of identifying the 
particular colouring matters in such cases are 
based on the known methods used for pigments, 
or specific simple tests may be applied in many 
cases, e.g. a Monastral Fast Blue BS “ dyeing ” 
changes to a greenish-yellow colour when placed 
in cold concentrated sulphuric acid ; after a 
minute or two, its colour is ycillowish-oh’ve, and 
on pouring the acid into water a bright greenish- 
blue colour is produced. 

Detection of Metals (Mordants, etc.) in 
Dyeings and Prints. 

The presence of metals on coloured fibrous 
materials is usually due to their introduction 
(a) for the purpose of producing metallic colour 
lakes ; (b) as part of the dye molecule ; (c) for 
producing shades faster to light, washing, etc., 
than those given by “ straight ” dyeings, e,g. 
the treatment of certain substantive dyeings 
with solutions of copper salts ; (d) as weighting 
agents ; (e) as j)art of a waterproofing complex ; 
and (/) as delustring agents. It is well known 
that traces of metals are associated with many 
natural fil)res. 

The commonest metal found on dyed wool is 
chromium ; iron, copper, tin, nickel, aluminium, 
cobalt, etc., are only occasionalh” found on this 
fibre. All these metals including chromium 
may also bo found on cotton as well as on silk, 
especially printed goods, although the use of 
metallic mordants in colouring cotton and silk 
has lost much of its former importance. 
Chromium, for example, is very seldom used as a 
mordant in cotton and silk dyeing, although it is 
still of considerable importance in printing colour 
effects on those fibres. Copper and chromium 
are present in dyed Aniline Black. Delustred 
rayons often contain titanium or, in rare cases, 
barium. 

In general, tests based on those used in quali¬ 
tative inorganic analysis for detecting positive 
and negative ions give satisfactory results when 
carried out with solutions prepared from the 
residues left on ashing the patterns, provided 
that reasonable amounts of the latter are 
available. In cases when only small amounts 
of dyeings and prints, especially those exhibiting 
only pale or medium colour intensities, etc., 
can be obtained, or when it is necessary to test 
for the presence of a metallic ion in a metalli¬ 
ferous dye, i.e, a dye containing a metal as part 
of the molecule, or in certain tjrpes of after- 
treated dyeings, it is often necessary to use those 
modern testing reagents which give distinct and 
specific colour reactions in presence of very 
small amounts of the ions for which search is to 
be made. 

Chromium. —^A pattern of reasonable size, e.g. 
about 1 sq. in. at least, or more if the colour 
effect is of a pale or medium intensity, is ashed 
in a platinum or silica basin ; the residue, after 


cooling, is just covered with a hot saturated 
solution of pure sodium nitrate and the whole 
heated until a clear melt results ; the latter is 
usually yellow when chromium is present. It is 
allowed to cool, a few c.c. w^ater added, the mass 
boiled gently while glacial acetic acid is added 
drop by drop until the solution is slightly acid. 
The liquid is then boiled vigorously for a few 
seconds, allowed to cool, filtered and a few 
drops 5% lead acetate solution added to the 
filtrate. A yellow precipitate indicates chrom¬ 
ium. If the original pattern contained only 
traces of chromium, as in the cases of pale shades 
or shades produced with dyes containing chrom¬ 
ium in the molecule, the filtrate may have only a 
very faint yellow colour and react inconclusively 
with lead acetate solution. A more sensitive 
teat, therefore, is applied as follows. A few 
drops 0*26% diphenylcarbazide solution in 
alcohol are added to a portion of the filtrate 
after it has been rendered slightly acid with 
acetic acid; a reddish-violet colour indicates 
the presence of the chromate ion. 

Copper. —The residue, including crystalline 
salts, remaining after pouring off the sodium 
chromate solution (if any) is treated with 
concentrated hydrochloric acid and the liquid 
evaporated to dryness. The residue is dissolved 
in hot 10% hydrochloric acid (this is termed 
Solution A). The solution is cooled, a portion 
made alkaline with concentrated ammonia 
and heated to boiling-point. If copper is present 
in appreciable amount, the liquid will be blue. 
In this case, the contents of the dish are filtered 
and, if desirable, the filtrate evaporated to a 
small bulk, acidified shghtly with glacial acetic 
acid, and tested for copper as follows. A 
few drops 2% potassium ferrocyanide solution 
are added to 2 or 3 c.c. of the of the liquid; 
a reddish-brown coloration indicates copper. 
This test is not quite so sensitive or distinct as 
the following tost. A few c.c. filtrate, which 
shoidd be faintly acid (acetic acid), are mixed 
first with 1 c.c. 25% ammonium thiocyanate 
solution and then with 1 drop pyridine. A 
little chloroform is added next and the liquid 
shaken. A pale green chloroform layer indicates 
traces of copper. 

Tin {Copper Absent). —A pinch of dry zinc 
sulphide is added to a portion of Solution A and 
the liquid boiled ; a yellow or brown precipi¬ 
tate indicates tin. Any zinc sulphide which is 
undecomposed remains white. 

Tin {Copper Present). —The copper is converted 
into cuprammonium by adding excess ammonia 
to a portion of Solution A, the liquid boiled, 
filtered and the residue rinsed well. The latter 
is then dissolved in a little concentrated hydro¬ 
chloric acid and examined for tin as indicated 
above. 

Aluminium { Tin Absent). —About 2 c.c. 0*1% 
Eriochrome Cyanine R solution and a little 
solid ammonium chloride are added to a portion 
of the clear alkaline liquid prepared by boiling 
the original sodium nitrate melt in water; a 
red gelatinous precipitate, which develops best 
on boiling, indicates aluminium. 

Aluminium {Tin Present). —^The tin is removed 
as sulphide from Solution A, the filtrate boiled 
vigorously, a little solid ammonium acetate 



174 


DYEING. 


added and the liquid tested for aluminium as 
indicated above. 

Iron. —Filter paper, which has been steeped 
in potassium ferrocyanide solution and dried at a 
low temperature, is spotted with Solution A. 
a blue stain indicates iron. 

Mixtuke Dyeings. 

Most commercial dyeings are produced with 
more than one dye, although, in a large number 
of cases, there may be present only very small 
amounts of dyes which have been used for match¬ 
ing purposes. For example, in dyeing wool with 
acid-mordant dj^es the material may be dyed 
nearly to shade with members of this class and 
the final matching effected with a small amount 
of an acid dye. Apart from obvious and straight¬ 
forward methods of separating and identifying 
the dyes in mixture dyeings, only knowledge 
based on long experience is of use in devising 
specific methods of procedure. In many cases, 
it is possible to strip a fair amount of the 
dyes with boiling mild alkali, or other suitable 
reagent, and then to separate the individual dyes 
as follows: 

Fractional Separation by Adsorption on Porous 
Paper. —Although this method was introduced 
over 40 years ago, it is still the most satisfac¬ 
tory method of determining readily whether a 
dye is a mixture or not ; the method can also 
be applied to the solution obtained by extracting 
dyeings with appropriate solvents. A weak 
solution of the dye, preferably at about 40-50°C., 
is placed in a beaker, and a strip of good quality 
white filter paper suspended therein so that the 
lower end of the strip dips into the solution to a 
depth of about J-l in. The state of dispersion 
of the dye particles governs the rapidity with 
which, and the distance to which, the respective 
dyes in the solution rise up the porous paper. 
Thus, those dye particles of a solution which are 
approaching the molecular state of dispersion 
rise up the filter paper more rapidly than dye 
particles of a more aggregated form and, in most 
cases of dye mixtures, it is possible to obtain 
zones of different colours, corresponding to 
the dyes present, at varying heights of the filter 
paper. The respective coloured zones of paper 
are then separated and the dyes present 
examined in the usual way. The tests should be 
carried out in such a way that freedom from 
draughts is assured, e.g. by covering the whole 
apparatus with a bell-jar, or by clamping the 
paper between two flat surfaces and allowing only 
one narrow part of the paper to protrude below 
the clamped portion ; this narrow part is then 
brought into contact with the dye solution. 
Brown (Nature, 1939, 143, 377) suggests the 
use of two pieces of plate glass between which 
the filter paper is placed ; a small hole, about 
i in. in diameter, is bored in the centre of the 
upper piece of glass. The two pieces of glass 
with the filter-paper sandwich are placed on a 
perfectly flat surface and the solution under 
examination allowed to fall slowly into the hole. 
If, after about 0*26--0*6 c.c. of the solution has 
been adsorbed, about the same volume of the 
same or a different solvent is poured gently into 
the hole, excellent separation of the coloured 


constituents is effected. The present author 
finds that such solvents as alcohol, and certain 
modem surface-active agents, give very good 
results. For example, a 0-1% solution of one of 
the commercial sulphated secondary alcohols, 
when used as indicated, is particularly well suited 
for use with acid dyes. 

Chromatographic Adsorption Analysis. —It has 
been known for a long time that the constituents 
of a mixture of suitable colouring matters in 
solution can be separated into fractions, accord¬ 
ing to their adsorbability by a particular 
adsorbent, by the simple procedure of adding the 
adsorbent to the solution, stirring for a short 
time and filtering. In this way separation into 
two fractions, i.e. unadsorbed dye, which is 
present in the filtrate, and adsorbed dye, may be 
effected in certain cases. Moreover, some dyes 
which are soluble in a particular organic solvent, 
e.g. alcohol, cannot be removed from their 
ad8orl)ent complexes by that solvent. Hence, 
mixtures of three dyes, viz. one which is not 
adsorbed and two which are adsorbed by a 
specific adsorbent, can be separated, provided 
that one of the adsorbed dyes can be removed 
by a solvent from the adsorbent. This rough 
method of separation is limited in its application 
and is of little interest in connection with the 
separation of dyes from a solution obtained by 
the mild stripping of a dyeing, since it does not 
allow for the fact that the adsorbability of 
several dyes by one adsorbent is capable of 
being diferentiated to a very fine degree. 
During recent years this fact has become more 
and more recognised and has resulted in the 
development of a technique termed chromato¬ 
graphic adsorption analysis. This technique 
has received most attention hitherto in the field 
of bio-chemistry, but it has grown now to a 
stage which may be regarded as the initial 
step towards a full appreciation of its potential 
value in methods of dye analysis (v. Chemical 
Analysis, Vol. II, p. 628). It is probable, 
therefore, that the latest practice in this work 
may prove to bo of considerable use to the dye 
chemist in the separation and identification of 
dyes contained in dye mixtures or dyeings. The 
method, which is said to be far more efficient 
than the older method, is carried out as follows : 

Procedure. —In making a chromatogram, i.e. 
zones of separated colouring matters (Cook 
(Chem. and Ind. 1936, 55, 721) gives an account, 
with references, of most of the work accom¬ 
plished in this field), advantage is taken of the 
differential adsorption which occurs when a 
solution of several dyes is allowed to drop 
on to a column of adsorbent and the column 
rinsed (“ developed ”) with a pure solvent 
which may be the original or a different solvent. 
The adsorbent mixture undergoes innumerable 
elutions and re-adsorptions from particle to 
particle, thereby causing the individual dyes to 
pass downwards at varying rates, through the 
adsorbent, so that distinct coloured zones, 
each corresponding to a constituent of the 
original mixture, are obtained. The subsequent 
steps in the analysis consist in the isolation 
of the coloured constituents in the zones, 
either mechanically or by elutriation with the 
aid of selected solvents. The method wm 
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introduced by Tswett (Ber. Deutsch. Bot. Ges. 
1906, 24, 316, 884) in attempting to solve 
problems concenied with the functions of 
chlorophyll in living plants. According to 
Zechmeister (Annalen, 1934, 509 , 269), one 
of the simplest forms of apparatus consists 
of a small tube containing the adsorbent; 
attached to this is a flask with suitable con¬ 
nections designed to enable the dye solution 
to be drawn through the adsorbent by alight 
suction, or a small dropping funnel may be 
used. A special type of aluminium oxide (Brock- 
mann’s), made by Merck, is considered to be the 
most satisfactory adsorbent for use generally in 
chromatographic analysis. The tube is filled 
with a creamed mixture of this material and 
solvent, the latter being removed subsequently 
by slight suction, the column of adsorbent being 
kept covered with solvent during the analysis. 
Suitable solvents are water, ether, chloroform, 
petroleum, etc., whilst alcohol, pyridine, acetone, 
etc., may be used for elution, although the 
original solvent, to which a small quantity of 
another solvent has been added, is capable of 
breaking the adsorbent-adsorbate complex. 
The method is not restricted to the separation 
of coloured substances. 

Ruggli and Jensen (Helv. Chim. Acta, 1935, 
18 , 624 ; 1936, 19 , 64) used water and pyridine 
as solvents in the separation of dyes by activated 
aluminium oxide. The method was found to 
be far superior to Goppelsroeder’s method of 
absorption by filter paper and to fractional 
dyeing methods. A large apparatus, suitable 
for effecting separation of dyes in 1-2 hours, 
was used. These authors observed that, in 
many cases, a distinct connection exists between 
adsorption, affinity towards cotton and velocity 
of diffusion through gelatin. Water-soluble 
o-hydroxyazo dyes were found to be adsorbed 
better than the corresponding p-isomerides. 

Spectroscopic Examination of Dyeings. 

The absorption spectra of dyes extracted from 
fibres with boiling water or absolute ethyl 
alcohol and then, if necessary, with acetic acid, 
etc., are sometimes of use as aids towards the 
identification of the dyes. In general, however, 
this method as practised in dye-manufacturing 
concerns is of more importance in collating 
the general properties of dyes and in helping the 
dye chemist to arrive at the constitutional 
formulae of those commercial dyes about which 
little information is available. 

Most dyeings, under suitable conditions, are 
capable of exhibiting fluorescence when irradi¬ 
ated by ultra-violet rays ; a few fluoresce 
strongly. The various well-known dyeings 
obtained by means of members of the acridine, 
xanthene, etc., classes of dyes are included in 
the latter category. According to Fierz-David 
(J. Soc. Dyers and Col. 1929, 45, 133), dyeings 
which have been produced by means of dyes 
containing -— S —, or a thiazole ring, exhibit 
strong fluorescence when irradiated in the 
manner mentioned. Exposure of certain dye¬ 
ings to these rays, therefore, may sometimes be 
of service in dye identification. For example, 
certain azoic combinations fluoresce to a con¬ 


siderable extent when irradiated with rays of 
short wave-length, and this property is frequently 
of service, especially in the examination of dye¬ 
ings of pale shades. 

E. C. 

TEXTILE PRINTING. 

In most dyeing processes the whole of the 
material to bo treated is dyed one plain colour 
only. When it is desired to colour only indivi¬ 
dual portions of a fabric so as to produce a 
coloured design on a white or coloured ground, 
or to produce a multicolour pattern, it is usually 
necessary, especially in the case of cotton goods, 
to adopt a process termed printing, although 
related, but simpler, multicolour designs are 
produced by using dyed yarn of different 
colours in weaving, knitting, etc. Printing 
differs from dyeing in several important respects. 
In the first place, specially trained craftsmen 
perform the main mechanical operations in¬ 
volved ; in the second place, the colour effects 
arc produced in various ways, e.p. direct colour 
printing, resist effects and discharge effects. 
Direct colour printing on bleached cloth, i.e. on 
a white ground, is the simplest phase of printing 
technique. If, for example, a four-colour effect 
were to be printed directly, each of four dyes and, 
if necessary, the requisite mordants would be 
dispersed evenly throughout a thickening or 
paste made from a suitable starch, gum, etc., 
and the products, termed “ colours,” applied 
(printed) either by machine or hand one after 
the other to the material to be printed in order 
to form the complete pattern in four colours, 
j The use of thickening agents enables sharp 
outlines of the pattern to be obtained, 

I i.e. the colour effects are prevented from 
“running” or “bleeding” into the adjacent 
parts of the cloth or pattern. Also, dye pastes, 
as distinct from ordinary dye solutions, fill up 
properly the sunken engraved portions of the 
printing surfaces (roller printing by intaglio 
process), or form a thin coherent film on the 
raised printing surfaces of printing blocks, 
wall-paper printing rollers, etc. (printing from 
designs in relief). Another point of difference 
between dyeing and printing is that practically 
all printed goods are subjected to treatments 
after printing with the objects of (a) fixing the 
dyes properly, e.g. steaming ; (6) developing 
certain dyes in contrast to a ground shade, e.g. 
acid discharge colour effects on Turkey Red 
dyeings ; and (c) removal of the thickening 
agents used in the printing pastes or “ colours.” 
A wide range of other auxiliary operations may 
also have to be carried out. 

Methods of Textile Printing .—Textile fibres of 
all kinds are printed mainly in the woven state, 
also to a small extent in the yam and knitted 
forms, and in the form of combed wool sliver. 

Calico- or cotton-printing is the most impor¬ 
tant branch ; considerable quantities of viscose 
and cellulose acetate rayons also are printed ; 
wool printing is carried on to a comparatively 
small extent, whilst silk printing is of con¬ 
siderable importance. Printed patterns are 
produced on cloth by means of (I) copper 
cylinders (rollers) engraved in intaglio with the 
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requisite designs ; (11) blocks with the designs 
in relief; (III) stencils and screens ; and (IV) 
the rotogravure process. 

(I) Roller or Cylinder Printing. —The shells, 
cylinders or rollers are generally made of copper 
although rollers of iron on which a film of copper 
has been deposited clectrolytically are in use. 
They vary in length from about 32 to 80 in. 
and in diameter from about 5 in. As a rule, 
the ordinary roller is 6 in. in diameter and 
sufficiently long, allowing a short distance at 
each end, to print cloth 32 in. wide ; the thick¬ 
ness of the copper may vary from ^ to l^ in. A 
continuous “ tongue ” projects from the inside 
of the cylinder and is used to secure the latter 
in a firm position when forced on to a solid 
steel mandril which is provided with a groove 
corresponding to the tongue on the cylinder. 
The surfaces of the cylinders are ground per¬ 
fectly smooth before they are engraved. 
Engraving is a special branch of craftsmanship, 
and only brief mention will be made of the 
methods used in connection with roller 
printing. 

Hand Engraving. —This is limited in its 
application owing to slowness and expense; 
it is used only for special designs and for 
“ touching up ” other forms of engravings. A 
part of the complete design, corresponding 
to one colour, is transferred to the surface of 
one roller from a tracing of lampblack in oil, 
and the copper then cut out with the aid of tools 
termed gravers. 

Machine Engraving. —In this method the 
pattern is forced into the comparatively soft 
copper by means of specially tempered steel 
“ mills ” on which the design has been engraved 
in relief. The mills are of such diameters that 
the repeats of the pertinent parts of the complete 
design must correspond in number to cover 
exactly the periphery of the roller. 

Pantograph Engraving. —Most of the designs 
used at present in roller printing are produced 
on the printing surfaces by means of an ingenious 
machine known as a pantograph engraving 
machine. The roller to be engraved is cleaned 
thoroughly and its surface made perfectly 
smooth ; it is then covered with a thin film 
of varnish which is capable of resisting the action 
of mineral acid salts. If a design in four colours 
were required, four rollers engraved with the 
four respective parts of the complete pattern 
would be needed. The original design, in 
colours, is enlarged, transferred to a zinc plate, 
the lines engraved by hand and coloured like 
the original drawing for the guidance of the 
engraver. The plate is then placed in position 
on the pantograph machine and, while the 
engraver traces each line of the engraving on 
the plate, a number of communicating diamond 
cutting points, corresponding to the number 
of side repeats of the pattern, cut out the varnish 
film from the surface of the roller at the requisite 
points, whereby the particular part of the 
complete design on the zinc plate is transferred 
in facsimile to the surface of the roller. A 
second roller is then treated in the same way 
so that another part of the pattern is transferred 
to the roller, and so on with the remaining 
rollers. 


In this way, perfect alignment of the different 
parts of the pattern is assured in the subsequent 
printing process. Finally, those parts of the 
roller from which the varnish has been removed 
by the diamond points are etched ; in this 
operation, the roller is placed in ferric chloride 
solution, and when the etching is deep enough, 
the roller is washed, the varnish removed with 
turpemtine, et(\, and retouched by hand, 
when it is ready for use. In actual use, the 
printer tests the rollers for correct alignment 
or register, usually on a piece of unbleached 
cloth termed a “ back-grey ” ; each “ colour ” 
corresponding to its particular part of the design 
is printed successively. A container of wood 
or copper for the printing colour is fixed 
immediately beneath each engraved roller ; it is 
provided with a wooden roller fixed in end 
bearings, or with a circular brush or furnisher 
which is caused to revolve in close contact with 
the engraved roller, thereby furnishing a com¬ 
plete and fairly thick film of “ colour ” to the 
surface of the printing roller as the two revolve. 
Since only the “ colour ” in the engraved parts 
is to be i)rinted on the cloth, it is necessary to 
remove every trace of “ colour ” from the smooth 
portions of the roller. This is achieved by the 
longitudinal and direct pressure of a strong and 
shar]) steel blade which extends the whole length 
of the roller. An additional blade is used to 
scrape, olf the roller, any fiulf that is left as the 
cloth, etc., pass continuously through the 
machine. These blades are supported in strong, 
heavy metal frames, and the whole apparatus is 
called a “ doctor.” As a rule, the doctor is 
caused to travel a short distarico to and fro in a 
horizontal direction so as to ensure uniform wear 
of the edge of the blade pressing on the roller. 
Each engraved roller, fixed on a steel mandril, is 
mounted in the printing machine in such a way 
that it can be pressed mechanically against the 
periphery of a large central iron cylinder covered 
with thick felt, etc. The cloth to be printed 
passes between the copper rollers and the felt- 
covered cylinder, the pressure at the printing 
points being sufficient to carry it forward, while 
the felt acts as a resilient surface and enables 
the “ colour ” in the engravings to be transferred 
to the cloth at the printing points, from which 
it emerges at the front of the machine and 
passes to the drying apparatus. An ordinary 
printing machine is capable of printing from 
10,000 to 16,000 yards cloth in a continuous work¬ 
ing period of 8 hours. 

(II) Hand block Printing. —Designs on hard 
wooden blocks aro cut out in relief; or they 
may be built up of strips, rods or pins of 
copper on the blocks, so that the metal pattern 
projects about J in. above the surface of the 
wood. Again, for certain effects, they may be 
cast in metal on the principle of a stereotype. 
In hand block printing, the cloth to be printed 
is laid flat on a very firm and strongly made 
table covered with felt. The block, representing 
one part of a multicolour pattern, is dipped in the 
prepared “ colour ” and placed in a predeter¬ 
mined position on the cloth ; it is then given 
j a few sharp taps with a heavy hammer or 
“ maul,” and lifted, when the colour ” should 
I have been transferred completely to the doth. 
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When the first part of the design has been 
printed on the cloth, a second block corre¬ 
sponding to the appropriate part of the 
design is charged with another “ colour and 
applied to the portion of the cloth originally 
covered by the first block, when the second part 
of the coloured design is completed in proper 
alignment with the first part ; the process is 
repeated with further blocks and different 
“ colours ” until the pattern is complete. It is 
necessary, in some cases, to dry the cloth 
between the various printings. Block-printing 
machines, e.g. the perrotine machine, represent 
arrangements for printing mechanically several 

colours ” alternately by means of blocks 
engraved in relief ; a higher output is obtained, 
of course, by this method than in hand block 
printing, but it appears to find little application 
now. 

(Ill) Slencilling and Screen Printing .—The 
principle of stencilling is well known ; the 
stencils required are cut out of paper, thin 
metal, etc., and the thickened “ colours ” are 
brushed through the openings on to the cloth. 
Uninterrupted outlines cannot be produced; 
the pattern has to bo broken by “ tics ” which 
support the inside parts of the stencil by con¬ 
necting them to the main parts. Fine lines 
and mass effects can bo obtained easily with one 
stencil, and several colours can be blended in one 
pattern (distinction from block printing). 
Screen printing is a modified form of stencilling. 
Fine silk cloth (bolting silk) is stretched taut 
over the sides of a rectangular framework of 
wood, which on its inner side acts as a 
container for the “ colour ” to be aj)pliod 
later. The stretched silk and framework are 
next placed on top of the paper design 
and the outlines of the pattern traced on it in 
pencil. 

The outside portions of the outline, which, of 
course, are not to bo printed, are painted 
over with a waterproof varnish or a special 
lacquer ; these portions are said to be reserved, 
since the coloured paste, i.e. the “ colour,” 
which is rubbed into the screen subsequently 
with a rubber squeezer, only passes through the 
non-varnished parts of the silk mesh. Before 
applying the “ colour,” the screen is placed on 
top of the cloth, which is laid on a heavy table. 
One screen is required for each colour of a multi¬ 
colour pattern, and suitable means for securing 
the proper “ fit ” or “ register ” of each part 
of such a pattern are provided. An interesting 
innovation is carried out as follows. The 
pattern is painted on a screen of fine wire gauze 
with 90°Tw. sodium silicate coloured with 
Rhoduline Blue GO, so that the operator can 
see more readily the outline of the pattern. 
After drying, the whole of the surface of the 
screen is painted over with the following lacquer, 
660 g. screen lacquer (IG), 200 g. cyclo¬ 
hexanone and 160 g. methylated spirit ; it is 
then dried thoroughly. An impermeable film 
on those portions of the screen which correspond 
to the white parts of the printed pattern is thus 
obtained, the lacquer being decomposed at those 
parts which have been painted with sodium 
silicate. The screen is next washed in hot water 
to remove the sodium silicate, etc,, the lacquer 
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film in other parts being unaffected. After 
drying the screen is ready for use. 

A complex and ingenious machine, capable of 
printing patterns of two to six colours with the 
aid of the requisite number of screens made of 
exceedingly fine wire gauze, is used both in 
this country and on the Continent for printing 
pile fabrics. One colour is used for each 
screen, which corresponds to one part of a multi¬ 
colour pattern. When this portion has been 
printed, the fabric is automatically printed with 
a second screen, i.e. with the second part of the 
pattern (in proper register) and in another 
colour, and so on until the whole pattern is 
complete. 

(IV) The Rotogravure Process .—The funda¬ 
mental principles of roller printing on textiles 
are the same as those underlying rotogravure 
printing on paper, but the engravings in 
the former process are fairly deep in com¬ 
parison wuth those used for printing paj>er. 
Also, the colours commonly used in roto¬ 
gravure printing consist of pigments dispersed 
in an organic solvent solution of resinous 
materials. The fineness of this dispersion deter¬ 
mines the use to which a particular printing 
colour can be put, e.g. a colour exceptionally 
well dispersed would be needed for printing 
from line engravings at higli speeds, such 
as 600-1,000 ft. per min. Hitherto, many 
of the pigments commonly used for printing 
paper have not been particularly fast to light, 
alkalis, etc., whereas most of the colours 
printed on textiles need to bo reasonably 
fast to light, perspiration and laundering. 
During recent years, it has become more and 
more realised that the particle size of the 
suspended solid in a particular dispersion plays 
a very important part in determining the 
efficiency of the dispersion. The smaller the 
particle, the greater the covering power and 
the less the hability of the dispersion to clog 
finely engraved mechanical surfaces. In 
addition, such remarkable developments have 
taken place in the production of (a) stable pig¬ 
ments. e.g. azoic colours, phthalocyanines, etc., 
and {h) synthetic resins that it is possible now 
to prepare rotogravure printing colours of 
excellent fastness to light and laundering by 
dispersing these modem pigments, including 
certain vat dyes, in organic solvent solutions of 
selected synthetic' resins, and to use them for 
printing textiles in much the same way as they 
are used in rotogravure printing on paper. 
Graduated colour effects which compare favour¬ 
ably with the best examples of mechanical 
photographic reproductions on paper can be 
obtained now, and if careful choice is made of 
pigments and resins for making colours to be 
printed on specific typos of fabrics, the latter 
are not appreciably hardened (owing to presence 
of resins), whilst 20-30 laundering operations 
should have little effect on the colours. The 
advantages of this system of printing textiles 
are as follows : (a) defects are quickly observed 
during printing ; (6) the outlines of the printed 
patterns are sharp, i.e. the colours do not bleed; 

(c) both the cloth and metallic engraving are 
wetted instantly by the printing colours; 

(d) less pressure is required between the cloth 



178 


DYEING. 


and engravings than in ordinary roller printing 
on fabrics ; (c) variation of the initial printed 
colour effects in finishing does not occur, as is 
often the case in ageing, steaming or washing, 
etc., ordinary textile printed effects ; (/) the 
printed colours are finished merely by drying 
the cloth on steam-heated cans or, in some 
cases, by a short heat treatment at about 150°C. 
to fix the resin constituent; and (gr), if necessary, 
the printing colours can be used to print over 
ordinary textile prints, e.g. azoic and vat colour 
prints. It is possible that the process will 
expand in the future, especially in connection 
with the printing of better class ccllulosic 
fabrics. 

Materials used in Textile Printing. 

All kinds of fibres are printed {see p. 122) 
and members of all classes of dyes are used 
for this purpose. A much larger number of 
chemicals arc used than in dyeing processes, 
whilst a class of substances only occasionally 
used in dyeing, viz. thickening agents, is of great 
importance in printing. The latter substances 
are of two distinct types: (a) those used as 
thickening agents only and (b) those which com¬ 
bine the properties of thickening and fixing 
agents, e.g. albumen, casein, etc. Members of 
class (o), which are the most important, 
are removed, of course, before the cloth is 
finished; they are represented by various 
starches, flour, gums, e.g. tragacanth or 
“ dragon,” Senegal, arabic, Karaya, Tragasol, 
dextrin and other British gums. Vegetable oils 
are usually added to starch pastes, especially 
those made from wheat starch, in order to 
counteract their stickiness, which causes them to 
adhere too strongly to the copper printing rollers 
and to set to very stiff masses on cooling ; the 
addition of about 25% olive, cotton-seed or 
rape-seed oil, on the weight of the starch, is 
usually sufficient. Pastes of wheat starch are 
used in cases where deep shades are needed ; 
they arc sometimes mixed with a proportion of 
gum dragon to help to soften their tendency to 
impart a harsh handle to the printed cloth. Gum 
dragon is an important thickening in printing all 
classes of fibres in heavy shades (blotches), as it is 
easily removed subsequently from the printed 
material and does not impart to it an appreciable 
harsh handle. Pigment dyes are often thickened 
with a mixture of gum dragon and albumen. 
About 6-8 oz. gum per gallon represents an 
average strength for blotches. Gums of the 
Acacia species, e.g. Senegal, arabic, etc., are used 
alone as thickenings ; they yield even and 
transparent colour effects which are rather paler 
than similar effects prepared with starch or 
tragacanth pastes. About 30-60% solid gum is 
commonly present in a printing paste, so that a 
varying amount of the dye which is added to 
form the printing colour is often washed away 
during the final treatment for removal of thicken¬ 
ing agents. British gums, e.g. light and dark 
British gum, are largely used as thickening 
agents ; those made from maize starch are 
especially suitable for use in presence of caustic 
alkali. They are commonly used also as cheap 
substitutes for the Acacia gums. The printing 


colours may contain from 20 to 60% of gum, 
i.e. calculated as dry material. Tragasol 
pastes are used only in special cases ; this gum 
is coagulated by caustic alkali. Colloresin DK 
is methylceUulose which forms paste-like dis¬ 
persions in cold water ; these separate into 
Colloresin and water on heating, but form good 
dispersions again on cooling. Colloresin is 
insoluble in presence of caustic alkali, and its 
dispersion in water is affected detrimentally in 
presence of many metallic salts, phenols, tannic 
acid, etc. Addition of organic acids, glycerol, 
alcohol, thiodiglycol, etc., promotes its swelling 
properties and improves the viscosity of its 
dispersions. Its use is invaluable in cases where 
bleeding or marking off of the printed colour 
occurs with ordinary thickening agents. Cellu¬ 
lose acetate is occasionally used as a thickening 
agent, when dissolved in organic solvents, for 
pigments, aluminium powder, etc. 

Preparation of Printing Colours. — These 
contain sufficient dye, either soluble, e.g. 
Methylene Blue, or insoluble, e.g. Alizarin 
Bordeaux, in water,the thickening paste, auxiliary 
agents, e.g. Turkey Red oil, and mordant, if 
needed, e.g. aluminium thiocyanate in the case of 
an Alizarin Red printing paste. The ingredients 
are added to the paste, the whole mixed well 
and then strained carefully by hand through fine 
cotton cloth. In many cases so-called standard 
colours arc prepared direct in copper pans. 
In such cases, the thickening pastes are prepared 
first by boiling starch, etc., in water during 
continual agitation, followed by cooling and 
and addition of the dye dispersion and other 
ingredients. Compound shades are often made 
from such standards. 

Styles of Printing. —The various ways in which 
the different classes of dyes are applied in textile 
printing are commonly termed “styles”; 
thus, thickened solutions or suspensions of 
various classes of dyes to which mordants and/or 
auxiliary agents may or may not be added 
are commonly printed directly on to the cloth 
and the colour fixed or developed by means of 
steam. This method of working is termed the 
“ direct style.” If a mordant is fixed first on 
the cloth, however, and the colour effect 
developed by dyeing the material with a suitable 
mordant dye, the tc^rm “ dyed style ” is used, 
and so on. The styles of printing in use at 
present vary somewhat with the nature of the 
fibre to be printed. 

Calico Printing. 

Preliminary Operations. —The raw or grey 
cotton cloth is woven in lengths of from 60 to 
120 yards. It is sewn end to end, usually singed, 
desized (if necessary), scoured (kier-boiled), 
usually bleached white {v. BLEAcraNG), and 
often sheared, i.e. the surface cleared with 
revolving knives, mercerised for lustre, dyed, and 
“ prepared ” in some cases if intended for the 
discharge style. Kier-boiling should be carried 
out efficiently, especially for white goods, as the 
steaming operation, to which most printed 
goods are subjected, would tend to cause the 
material to turn yellowish if the impurities 
had not been removed completely. 
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Styles of Calico Pbintinq. 

I. DniBCT Printing. 

Formerly, processes in which dyes were fixed 
by steaming were known as “ steam styles,” 
but many of the dyes used for these styles had 
poor fastness properties, and the printed goods 
were confined to a cheap branch of the export 
trade. Fast dye styles in which the fixation 
of the dye is effected by steam have always been 
of groat importance, however, in calico printing. 
In general, the bleached cloth is first “ prepared ” 
by padding it in a 2^-5% Turkey Red oil 
(sodium or ammonium salt) solution, and dried. 
It is then ready for printing. 

(A) Mordant Dye Style. Example 1.— Bright 
Red Print. —The prepared cloth is printed with 
a colour made up in parts by weight as 
follows: 55 starch paste, 9 water, 5 Turkey 
Red oil, 10 Alizarin (20%), 4 calcium acetate 
(28°Tw.), 9 aluminium thiocyanate (18°Tw.), 
3 aluminium acetate (18°Tw.), 2 stannic oxalate 
(25°Tw.) and 3 tartaric acid (1 : 6). 

Example 2.— Blue Print with Alizarin Blue S .— 
Five parts Alizarin Blue S powder, 65 starch 
paste, 15 gum tragacanth (4%) and 15 chromium 
acetate (25°Tw.). 

Example 3.— Yellow Print with an Azo 
Mordant Dye. —Twenty parts Alizarin Yellow 
2G (20%), 65 starch-tragacanth paste, 12 
chromium acetate (32°Tw.) and 2 olive oil. 

Example 4.— Violet Print with a Basic Mor¬ 
dant Dye. —Three parts Modern Violet O powder, 
20 boiling water, 64 starch-tragacanth paste, 
5 acetic acid (30%) and 10 chromium acetate 
(23°Tw.). 

Example 5.— Black Print with a Natural 
Dye. —Fifteen parts starch, 10 British gum, 
40 water, 6 acetic acid (30%), 2*5 Alizarin 
IP (20%), 3 Quercitron Bark Extract (48°Tw.), 
14 Logwood Extract (48°Tw.) ; boil and add 
1*6 sodium chlorate ; cool and add 0*6 powdered 
potassium ferrocyanide, 13 chromium nitrate- 
acetate (28°Tw.) and 4 calcium acetate (23° 
Tw.). All above examples are dried after 
printing, the cloth steamed for 1 hour at 
5 lb. pressure, washed, soaped, rinsed and 
dried. 

(B) Ba^ic Dye Style. — Example.—Blue Print. 
—Two parts Methylene Blue, 5 acetic acid 
(40%), 12 water, 72 acid (acetic) starch paste ; 
heat and add 1 powdered tartaric acid ; cool and 
add 8 tannic acid-acetic acid (50%) solution. 
After the printed cloth is dried, it is steamed, 
fixed in 2% tartar emetic solution, containing 
1% chalk, washed well and dried. The tannin 
lake of the dye is prevented from forming as a 
precipitate by the presence of excess acetic 
acid ; during steaming, this excess acid is 
removed and the tannate of the dye base is 
precipitated in a finely divided state and is 
converted into a more insoluble metaUio tannate 
during passage through the fixing bath. 

(C) Mineral Pigments.^Example. — Blue 
Pn'n<.“-Thirty parts Ultramarine Blue, 30 
albumen solution (40%), 3 glycerol, 2 turpentine, 

3 oil, 1 ammonia and 31 tragacanth paste (6%). 
Steam for 1 hour, when the albumen coagulates 
and adheres firmly, together with the pigment, 
to the cloth. 


(D) Substantive Cotton Dyes. — Example.-^Sky 
Blue Print. —Five parts Direct Sky Blue FF, 
40 boiling water, 52 tragacanth paste (6%) 
and 3 disodium hydrogen phosphate. Print, 
steam and wash. Shades fairly fast to light 
may be obtained by addition of blood albumen 
solution to above ingredients. Dyes of this class 
are only occasionally used in direct printed 
styles ; they are used, however, for covering or 
tinting white grounds already printed with fast 
dyes. 

(E) Dyes Developed by Oxidation. — Example. 
— Aniline Black. —Fifteen parts starch, 8 
British gum, 53 water, 4 sodium chlorate, 3*5 
cotton-seed oil and 0-5 Methyl Violet ; boil, 
cool and add 9-5 aniline salt, 1-7 aniline oil and 
5 copper sulphate solution (30%). After printing 
and drying, the goods arc aged for 3 minutes at 
<65°C., passed through hot 1% sodium di- 
chromate solution, washed and dried. Addition 
of a little p-phenylenediamine to Aniline Black 
printing pastes renders the blacks less liable to 
turn green. Also good non-greenablo oxidation 
blacks are obtainable with pastes containing 
p-p'-diaminodiphenylarnine dissolved in aniline ; 
they may be printed alongside Alizarin and 
basic dyes ; black prints of this type are fully 
developed by ageing. 

(F) Vat Dyes. —This class is one of the most 
important of all classes of dyes used in modern 
calico printing for the production of fast colour 
effects in a great number of ways. Apart from 
direct printing, many vat dyes may be dyed (or 
padded) and then discharged white or in colours 
contrasting with the ground shade, also they 
may be reserved (the underlying principles of 
the application of vat dyes are discussed under 
Dyeing, p. 135). The groups used in printing 
are (1) Indigoid dyes, (2) Anthraquinonoid dyes 
and (3) Thionated carbazole derivatives. 

{a) Indigoid Dyes. —The most important 
member of this group is Indigo itself, which may 
be printed directly on the fibre either by 
(a) Schlieper and Baum’s process or (6) the 
sodium sulphoxylate-formaldehyde process. In 

(a) , glucose is used as the reducing agent and in 

(b) sodium sulphoxylate-formaldehyde, concen¬ 
trated caustic soda being added to the printing 
paste in each case. 

Example 1 .—Dark Indigo Blue Print by 
Glucose Process. —The bleached cloth is padded 
with 25% glucose solution and dried ; it is then 
printed with a 3% Indigo printing paste made 
from 15 Indigo paste (20%), 85 alkaline thickening 
(3 maize starch, 10 British gum and 87 caustic 
soda (77°Tw.)). The paste is heated to 60°C., 
and cooled before use. After printing, the 
cloth is steamed with moist steam at I00°C. 
for about 1-2 minutes. Oxidation of the leuco- 
compound is effected by a short passage through 
a cold 1% sodium dichromate solution, which is 
replenished, as required, by addition of 2% 
of this salt in 1% sulphuric acid solution. 

Example 2.— Dark Indigo Blue Print .— 
Sodium Sulphoxylate-formaldehyde Process .— 
Eight parts sodium sulphoxylate-formaldehyde 
are dissolved in 42 hot alkaline thickening {see 
above) and the paste cooled and mixed with 
15 Indigo paste (20%) and 35 alkaline thicken¬ 
ing. The printed cloth is steamed for 2-3 
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minutes at 102~104®C. in air-free moist steam, 
washed, scoured, washed, soaped, washed and 
dried. Derivatives of Indigo are invariably- 
printed with pastes of comparatively low alkali 
concentration ; in many cases, potassium 
carbonate alone is siifticiently alkaline to 
dissolve the Jeuco-compounds of these products. 

Example 3.— Scarlet Print, —The following 
mixture is heated at 60°C. : 20 Thioindigo 

Scarlet paste, 7-6 glycerol, 3 water, 5 caustic 
soda (86°Tw’.), 49 starch-gum arabic thickening 
and 4 sodium hydrosulphite. The mass is 
cooled, and then mixed with 7 Formosul and 
4*5 sodium bicarbonate. After printing, the 
cloth is dried, steamed at 104^C. for 4 minutes, 
chromed, washed, soaped, washed and dried. 
Indigoid dyes may be printed at the same time 
as mordant and other dyes which are fixed by 
steaming. The printed goods are dried, aged at 
102°C., cooled, steamed (low pressure) for 1 hour 
to fix the “ steam ” dyes, passed through tartar 
emetic solution, if basic dyes are present, w^ashed, 
soaped, washed, etc. 

(6) Anihraquinonoid Vat Dyes. —The best 
known of these in commerce are termed Caledon, 
indanthrene, Cibanone, Tinon Chlorine, 
Ponsol, etc. (for general properties, etc., see 
p. 135). 

The fullest shades with these vat dyes are 
considered to be obtained only when they are 
reduced and used in presence of caustic alkali. 
There are many objections to the use of the latter 
in printing cotton, and an all-round general 
improvement in the physical form of the dyes, 
steaming apparatus, etc., has made it possible 
to obtain excellent results by the use of potassium 
carbonate and sodium sulphoxylate-formalde- 
hyde. Sodium stannite-caustic alkali, or -soda 
ash, may also be used as reducing agent, 
especially when only an ordinary rapid steam 
ager is available for ageing. A process in 
which a mixture of the dye, thickening agent, 
ferrous sulphate and stannous chloride is used 
without steaming gives the fullest colour values; 
it is especially suitable for printing fine designs. 
After printing and dyeing, the cloth is passed 
through 30°'^. caustic soda at 71-79°C. for 
3 seconds. In order to prevent the whites 
from becoming soiled by continuous passage of 
printed cloth through the caustic soda bath, a 
quantity of hydrated manganic oxide paste is 
added to the bath so as to form a suspension. 
The cloth, in open width, is passed next into air, 
without squeezing, then tlirough cold caustic 
soda solution, squeezed, washed, scoured, 
washed, soaped at 212°F., washed and dried. 

“ PoUish ” and ” Bicarbonate ^'-Sodium 
Svlphoxylaie-forrnaldehyde Processes, —These are 
practically indentical ; potassium carbonate 
is sufficiently active at high temperatures to 
dissolve the leuco-compounds of most indigoid 
dyes ; in some cases, however, it is best to 
reduce the dye in presence of a small amount of 
caustic soda and finally to convert excess of the 
latter into carbonate by addition of sodium 
bicarbonate. 

Example 1.— Purple Print. —7*6 Caledon 
Brilliant Purple 2B 200 Paste, 8 glycerol, 50 
starch-gum tragacanth thickening, 8 potassium 
oarboiiiS^, 6 somum sulphoxylate-formaldehyde 


and 20 water. The mixture is allowed to stand 
overnight. If required for printing immediately, 
the dye is first reduced hot with sodium hydro¬ 
sulphite for 20 minutes in presence of soda ash, 
glycerol and thickening agent, then cooled, 
and sodium sulphoxylate-formaldehyde (in solu¬ 
tion) added. The cloth is dried in hot air, aged 
for 6 minutes in air-free steam at 214-218°F., 
dry bulb, and 212-216°F., wet bulb, thermo¬ 
meters. Inferior prints are invariably obtained 
if the time which elapses between printing and 
steaming (ageing) is prolonged unduly. The 
cloth is passed next through cold 1% sodium 
bichromate in 0*5% sulphuric acid solution 
containing a little ammonium sulphate, 
washed, soaped at boiling-point, washed, 
squeezed and dried. Sodium perborate may be 
used in some cases, e.g. Blues GCD, RS, etc., as 
developing (oxidising) agent. So-called assis¬ 
tants may be added to assist in the production of 
the highest quality prints, e.g. thiodiglycol. 
Dissolving Salt B (sodium benzylsulphanilate), 
etc. 

Commercial series of vat dyes of extremely 
small particle size and containing dispersing 
agents have been introduced in order to simplify 
the potassium carbonatt'-sodiura sulphoxylate- 
formaldehyde printing process ; no additions, 
apart from glycerol, to the printing pastes are 
required. The dyes may be fixed in the ordinary 
rapid ager, instead of in the expensive high- 
temperature ager. 

Methylcellulose-Hydrosulphite Process. —Faults 
caused by marking off, bleeding, etc., of vat 
dyes when printed by the ordinary method are 
eliminated almost completely by using printing 
• compositions containing vat dyes suspended 
in a paste of methylcellulose (Colloresin DK). 
After printing and drying, the goods may be 
kept for any length of time without damage. 
The dyes are developed and fixed by padding 
the cloth first in a three-bowl mangle with alkaline 
sodium hydrosulphite at about 85°r., so that it 
retains about 80% of its weight of the liquor. 
The cloth is then steamed immediately, while 
wet, with dry steam at 230-240°F., in a special 
steaming chest fixed behind the padding 
mangle ; next, it is washed in the first compart¬ 
ment of an open-width machine, soured with 
weak acetic acid in the second, and the leu co¬ 
dye oxidised with a 0-05% sodium perborate 
solution at 120°F. Finally, the cloth is washed, 
soaped, washed and dried. Colloresin cannot be 
dispersed in hot water to give a uniform paste, 
but it is easily dispersed in cold water to an 
excellent paste; on heating, however, it 
coagulates, i.e. it separates from the water. 
It follows, therefore, that if cloth, which has 
been printed with a paste of Colloresin and vat 
dye, is padded with hot sodium hydrosulphite 
and steamed, the lueco-vat dye produced is held 
securely in the printed parts of the cloth, i.e, 
it does not bleed or migrate beyond the edges of 
the pattern, either during steaming or in the 
subsequent oxidation process. 

(e) Sulphur Vat Dyes, —This class is repre¬ 
sented by a few speciaJ dyes derived from 
carbazole. They are insoluble in sodium sulphide 
(distinction from sulphur dyes). The beat 
known members of the class are the Hydion 
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Blues, Carbindole Blues and Indocarbons. The 
Hydron Blues give indigo shades of varying 
degrees of fullness, etc. ; they are faster than 
Indigo to the various agencies, and possess the 
advantage over Indigo that they can be printed 
by the potassium carbonate-sodium sulphoxyl- 
ate-formaldebyde process. Indocarbon CL is an 
important black vat dye which, when reduced 
first with glucose and caustic soda at ]40-l(>0°F. 
and then mixed with sodium sulphoxylato- 
formaldehydc, gives a paste that yields good 
black prints. 

{d) Indigosol and Soledon Dyes. —The chemical 
constitution of a typical product of this class, 
the principles involved in their application to 
fibres, and a list of commercial products have 
been given previously {see p. 136). The members 
of these series of dyes rank now amongst the 
most important of all dyes used in calico printing. 
Not only are suitable brands largely used for 
direct printed colour effects, but many of them 
may be used in a very wide range of resist and 
discharge effects. The method of ap])li(‘ation by 
direct printing of thickened mcmliers of either 
class is as follows : (1) The cloth is ])rinted with 
a thickened mixture of dye and sodium nitrite, 
dried, developed for 20 seconds with warm 2% 
sulphuric acid solution, squeezed, aired for a 
short time, washed, soaped, waslied and dried. 

(2) The printing paste contains sodium chromate 
or dichromate and ammonium thiocyanate, 
and development takes place by steaming 
in presence of acetic-formic acid vapour. 

(3) In this method, the cloth to be printed 
is padded first with a solution containing 
0*1% ammonium vanadate and 0-5% tartaric 
acid, dried and printed with a paste containing 
the requisite dye, aluminium chlorate and 
tartari(i acid. The aluminium chlorate decom¬ 
poses during ex])Osure of the goods to air, where¬ 
by the dye is developed. (4) When printed, 
together with other dyes, e.g. mordant and azoic 
dyes, Aniline Black, etc., development is effected 
by steaming. The active agent in the printing 
paste is sodium chlorate ; ammonium thio¬ 
cyanate, which develops acid on steaming, is 
also usually added to the paste, together with a 
little ammonium vanadate as catalyst. The 
remarkable and extensive series of fast colour 
effects obtained with these dyes in conjunction 
with other fast dyes is unequalled by any other 
class of dyes. They are far too numerous to be 
discussed in detail in this article, but it should be 
noted that their introduction is a remarkable 
tribute to the achievement of those dye chemists 
who have been concerned with printing processes 
during the last 20 years. A brief account 
of some of the calico printing styles in which 
they may bo used is as follows: (1) As resists 
or illuminating colours under Aniline Black; 
(2) vat dyeings ; (3) azoic dyeings ; and (4) 
dyeing on mordants, etc. Conversely, indigosol- 
dyed grounds may be reserved by chrome, azoic, 
vat, etc., dyes. 

(G) Sulphur Dyes, —These are used in printing 
to a limited extent. The printing pastes contain 
a suitable reducing agent, e.g. caustic soda- 
sodium sulphoxylate-formaldehyde, or caustic 
soda and the condensation product made by 
mixing 200 parts 40% formaldehyde with KK) 


parts sodium bisulphite (47°Tw.), and then 
adding gradually 100 parts calcined sodium 
sulphide. The mixture is stirred from time to 
time during 24 hours and the grey paste mixed 
with the dye thickening, etc. The printed cloth 
is steamed directly at 102°C. for a few minutes, 
passed through 1% sulphuric acid solution of 
copper sulphate or sodium dichromate, washed 
well and soaped. 

II. Dyed Styles. 

Some of these are amongst the oldest styles in 
calico printing. The madder style, for example, 
has been in use for nearly a century, and still is 
the most important of these styles, as it yields a 
wide range of colours fast to light and soap. 
The main difference from corresponding direct 
printing styles is that the cloth is mordanted 
first and subsequently dyed. The mordant, 
containing a thickening agent, may lx; applied as 
a design by direct printing, or it may be padded 
on to the cloth and the dried cloth printed with 
an acid discharge })aste, according to the design 
required. The basic dye and chrome dye styles 
are next in imj)ortance. 

Madder Style. —Various shades of rod, pink, 
chocolate, purple and maroon, in conjunction 
with black, can be produced as multicolour 
patterns in this style, only one dye, viz. Alizarin, 
being used in the dyeing operation. Thickened 
red liquor (aluminium sulphate-acetate) is used 
for reds and pinks ; iron liquor (pyrolignite of 
iron) containing an agent, e.g. arsenious oxide, 
to retard oxidation, for purples and blacks ; and 
mixtures of these two mordants for chocolate 
shades. After printing, the cloth is dried, aged 
to fix insoluble basic salts on the fibre, dunged to 
complete the action of the ageing operation, to 
prevent the unprinted parts from becoming 
contaminated with the mordant and to remove 
j the thickening material. The cloth is then 
dyed with Alizarin, usually in a special dye- 
I bath, followed by washing, soaping, and clearing 
in weak sodium hypochlorite solution. Pale 
lilac and pink ground shades are obtained by 
padding the cloth with a weak solution of pyro- 
lignite of iron and aluminium mordant respec¬ 
tively, and, after the usual fixing, etc., treat¬ 
ment, dyeing with Alizarin. If white cloth is 
printed with a resist consisting of a thickened 
solution of citric acid and, after drying, is 
padded with dilute pyrolignite of iron or red 
liquor, dried, aged, dunged and dyed, the 
I printed places appear as white patterns. This 
is due to the fact that acids prevent the fixation 
j of aluminium and iron mordants. Discharge 
effects may bo obtained in a similar manner. 
Red resists may be obtained, e.g. by printing a 
thickened solution of red liquor containing 
stannous chloride. Various other dyes may be 
used in conjunction with the effects obtained in 
the ordinary madder style, to give a wide range 
of multicolour effects. 

Basic Dye Style. —In this style, a cloth mor¬ 
danted w'ith red liquor or pyrolignite of iron is 
aged, dunged, washed and treated with a hot 
solution of tannic acid, so as to form an insoluble 
aluminium or iron tannate on the fibre. The 
cloth is then dyed with a suitable basic dye. 
A more important method, however, is to 
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mordant the cloth with antimony tannate 
followed by printing a design with thickened 
caustic soda solution, ageing, washing, and 
dyeing with a basic dye. 

Azoic Dye Style. —The general principles of 
producing these dyes on the fibre are dis¬ 
cussed on p. 132. Azoic dyes are exten¬ 
sively used in various styles of calico printing 
for the production of bright and full colour 
effects which, in many cases, are of excellent 
fastness to washing and chlorine and of very 
good fastness to light. Para Red, from p- 
nitroaniline )3-naphthol, and a-naphthyl- 
amine claret, from a-naphthylamine-> jS-naph- 
thol, are the chief representatives of the older 
dyes of this series still in use. The dyes pro¬ 
duced from arylamides of ^-hydroxynaphthoic 
acid and diazo-salts are of exceptional import¬ 
ance in modem calico printing. Originally, 
localised colour effects were obtained by printing 
thickened solutions of diazo-salts on cloth 
previously padded with an alkaline solution of 
^-naphthol. This method is used now to a 
limited extent, and solid shades produced in an 
analogous manner are used as coloured grounds, 
on which reducing agents are printed to give 
discharge effects on steaming. Basic dyes can 
be printed at the same time as diazo-salts on 
the padded and dried cloth, provided that 
suflScient citric or tartaric acid (in addition, 
of course, to the tannic acid present) is added to 
the printing colours to neutralise the alkah in 
the ^-naphthol impregnated cloth. Basic mor¬ 
dant dyes, e.g. Modern and Ultra Violets, etc., 
can be used in a similar manner, chromium 
acetate being used as mordant. After printing, 
the cloth is steamed for 2-3 minutes and, if 
basic dyes are present, passed through tartar 
emetic solution, worked well, soaped, washed 
and dried. 

Azoic Dyes from Arylamides of p-IIydroxy- 
naphthoic Acid. —These may be produced in situ 
by various methods, e.g. a pattern is printed 
with a thickened caustic soda solution of a 
Brenthol or Naphtol, followed by drying, and 
developing the colour by padding the cloth in the 
requisite diazo-salt solution. If three different 
Brenthols are printed by three rollers, respec¬ 
tively, to represent a complete pattern, and the 
cloth then passed through one particular diazo- 
salt solution, the printed Brenthols develop as a 
three-colour pattern. 

Example 1.— Scarlet ^ Brown and Yellow 
Colour Effects on a White Ground,—Scarlet 
Printing Colour. —Twenty parts Brenthol OT, 
30 Turkey Red oil, 20 caustic soda (72°Tw.), 
50 methylated spirits, 380 water and 500 
tragacanth thiekening. 

Brown Printing “ Colour.^' —As for scarlet, 
except that Brenthol BT is used, together with 
38 parts caustic soda (72°Tw.), 320 water and 50 
thiodiglycol. 

Yellow Printing Colour. —As for scarlet above, 
but using Brenthol AT. The prints, after 
dyeing, are padded with a diazo-salt solu¬ 
tion prepared by dissolving 13*5 Fast Scarlet 
Base G in 28 hydrochloric acid (32°Tw.) and 
boiling water, followed by cooling, adding 200 
water, and then 7 sodium nitrite in 25 water 
(added slowly) ; in about 10 minutes, a 


solution of 14 sodium acetate in 50 water is 
added. 

Exposure to air of the developed print, treat¬ 
ment with weak boiling sodium bisulphite to 
clear the white portions of the fabric, washing in 
water, soaping at boiling-point, washing and 
I drying complete the process. Obvious modifica- 
! tions of the above process consist of (a) printing 
the cloth with thickened alkaline Brenthol 
pastes containing sodium nitrite, drying and 
padding with acid solutions of aromatic amino- 
compounds ; {b) printing one or more thickened 
solutions of the latter on cloth impregnated with 
alkali-Brenthol-sodium nitrite ; (c) printing 

thickened solutions of diazo-salts on cloth 
impregnated with alkali-Brenthol, as mentioned 
previously in connection with ^-naphthol 
prepared cloth. Multicolour effects can be 
obtained in these processes in conjunction with 
those thickened dyes which are unaffected by 
alkalis, acids, etc. Vat and Indigosol dyes are 
especially adapted for this style. The former, 
however, should be separated by, at least, a small 
part of the unprinted cloth from the azoic 

rints, in order to prevent the formation of 

aloes which may occur when the two types of 
colour are in fairly close contact. Indigosol 
dyes which have been printed either by the 
nitrite or steaming process {q.v.)^ at the same 
time as azoic dyes, do not yield these defects, 
i.e. the edges of parts of the patteni printed with 
the two types of colour may meet without 
causing haloes. After printing the two classes, 
i.e. diazo-salts and Indigosol dyes containiug 
sodium nitrite, side by side, the (‘loth is dried, 
passed through a solution containing 3% sulphuric 
and 1% formic acid to develop the Indigosol 
dye, soaped at boiling-point with 0-2% soap 
solution containing 2-3 c.c. caustic soda (62‘^Tw.) 
per litre, washed and dried. 

Rapid Fast Dyes. —The members of this 
series consist of concentrated mixtures of aryl- 
and substituted aryl-diazotates (prepared by the 
action of alkali on diazonium salts), and aryl¬ 
amides of j8-hydroxynaphthoic acid ; they are 
sent out in the form of pastes and powders, 
which also contain water-binding substances, 
e.g. sodium acetate, in order to eliminate the 
possibility of explosion during storage ; they 
show good stability for comparatively long 
periods if protected from exposure to gases, 
including air. Rapid Fast Red GZ, for example, 
is a mixture of the aw^t-diazotate from 2:5- 
dichloroaniline, with j8-hydroxynaphthoic anilide 
and sodium acetate. A few products, e.g. Rapid 
Fast Yellow G, are mixtures of an/i-diazotates 
and compounds of the type of diacetoacetic-o- 
tolidide, whilst comparatively recent products 
contain arylamides of 2:3-hydroxycarbazole 
carboxylic acid. 

Application. —The powder brands are pasted 
with lukewarm water containing a little caustic 
soda and the mass then added to starch-gum 
tragacanth thickening ; if they are to be printed 
along wdth other dyes which need to be fixed 
by a short steaming, a little sodium chromate 
is added as a protective agent. According to 
J. R. Hannay (J. Soc. Dyers and Col. 1932, 
48, 9), Coomassie Scarlet 2RS (ICl) is a satis- 
factory sightener when added to the printing 
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colours in small amounts, i.e. it enables the 
printer to see the pattern and keep it in proper 
register, thus avoiding streaky defects. Apart 
from the production of multicolour effects by 
the use of members of the series, either alone or 
adjacent to Indigosol prints, other classes of fast 
dyes, e.g. vat, chrome, etc., dyes, may be 
utilised for this purpose. Copper sulphide 
Aniline Black develops well when printed 
together with certain members of the series. 

Example 2 .—Multicolour (Redy Green and 
Violet) Effect. — Red .—Ordinary cloth is printed 
with 6 Rapid Fast Scarlet GH Paste, 2 Monopol 
Oil, 1 caustic soda (62°Tw.), 41 water and 50 
tragacanth paste. Green. —4-5 parts Rapid 

Yellow GH powder, 1-5 Indigosol 04B, 3 caustic 
soda (62®Tw.), 23 warm water, 60 tragacanth 
thickening, 5 sodium chromate solution (15%) 
and 30 sodium nitrite solution (50%). Violet .— 
Two parts Indigosol Violet A2B, 33 water, 
1 caustic soda (62°Tw.), 60 tragacanth thicken¬ 
ing, 3 sodium nitrite solution (50%) and 
10 ammonia (25%). The printed cloth is 
steamed at 100°C. for 3 minutes, passed through 
a hot acid mixture of 4% formic acid and 3% 
oxalic acid at 180~200°F., for 16 minutes, 
washed, soaped at boiling-point, washed and 
dried. Although the Rapid Fast dyes offer 
great advantages in comparison with the older 
two-phase system of colouring cotton, etc., with 
insoluble azo dyes, they also possess disadvan¬ 
tages, e.g. the printing colours lack stability, 
and the developed colours often show the defect 
of rubbing. 

Rapidogen Dyes .—The introduction of this 
series of products represents an outstanding 
development in the direct production of insoluble 
azo dyes on cellulose materials. Rapidogen 
dyes consist of mixtures of (a) condensation pro¬ 
ducts of well-known diazo- and tetrazo-salts, or 
allied salts prepared from aminoazo-compounds, 
with secondary bases, e.g. dimethylamine, 
piperidine, sarcosine, etc., or their derivatives, 
which do not contain active acid-groups, and 
{b) a passive coupling-agent of the Naphtol 
AS or Brenthol AS series ; an example of the 
products under (a) is the neutralised condensate 
from sarcosine (methylaminoacetic acid) and 
p-nitro-o-anisidinc of formula 

CpH3(N02)0MeN:NNMeCH2C08Na. 

They are very stable products and are soluble 
in dilute caustic soda solution. 

Application .—The printing-colour pastes are 
made in the usual way ; they can be used even 
after storing for several weeks. Turkey Red 
oil and a little caustic soda are used initially in 
“ pasting ” the dye. The printed colours are 
not aged, since development takes place readily 
at 80°C. in 6% formic acid solution to which 
10% sodium sulphate has been added. The acid 
“ splits-up the condensation product, and 
the free diazonium-salt combines at once with 
the phenolic compound to form the azo dye 
in sitUy i.e. in the printed portions of the cloth. 
A recent innovation in the wet-development 
process is to pad the printed and dried cloth 
with dilute acetic or formic acid and pass it 
(face side) directly over steam-heated drying 
cylinders. The actual pigments produced on 


the fibre are identical in most cases with those 
produced by dyeing cotton with azoic colours 
by the two-bath process or with Rapid Fast 
dyes. The range is more extensive, however, 
than the latter ; it includes nearly the whole 
series of spectrum colours. They may be 
used in numerous styles of printing and are of 
especial value for resist and discharge effects. 
Rapidogen dyes are probably too expensive for 
use in dyeing (padding) processes, except in 
special cases ; their introduction represents 
the results of intensive research work directed 
towards the discovery of a simplified pro¬ 
cess of producing azoic dyes directly on the 
fibre, especially in printing, without the ever¬ 
present expense and annoyance caused by the 
use of unstable products. 

Rapidazol Dyes. —I’hese have been introduced 
during the last few years. Their manufacture 
appears to be based on the fact that when a 
suitable diazonium-salt is treated with sodium 
sulphite, it is converted into the corresponding 
inactive aafi-diazosulphonatc, from which the 
active diazonium-salt is liberated on heating in 
presence of moisture (steaming), sulphur 
dioxide being eliminated. Rapidazol Blue IB 
and Rapidazol Black B, for example, are the 
first members of the new range. The former is a 
mixture of diphenylamine-4:4'-bis-diazo8ul- 
phonic a(?id (from diaminodiphenylamine) 
and Naphtol AS. The fabric is printed with a 
paste containing the dye and caustic soda ; 
it is then dried and steame)d for 7-8 minutes. 
After soaping and drying, the printed portions 
exhibit a rich, bluish-black colour. This method 
of simplifying the direct process of producing 
azoic pigments in the fibre will be useful, most 
likely, in those cases where the acid wet- 
developmcnt process, used for the Rapidogen 
dyes, is inadmissible. In other words, only the 
process of steaming will develop the colours. 
They may bo printed along with Rapid Fast 
and Rapidogen dyes and, after fixing the 
Rapidazol dyes by steam, the other dyes are 
developed by the appropriate methods. 

III. Resist and Dischabge Styles. 

The terms “ resist ” and “ reserve ” are used 
in textile printing to indicate a thickened 
printing paste containing either chemical agents 
or inert powders, e.g. china clay, which prevent 
the development of dyes that are printed or 
applied subsequently by covering or padding the 
resist-printed fabric. A resist like china clay 
acts mechanically in preventing absorption of 
dye by the cloth, but resists of this kind are 
rarely satisfactory when used alone. In general, 
the most satisfactory method of resisting the 
local development of colour effects on cloth 
is dependent on chemical interaction between the 
resist and the dye which is caused to fall upon 
it ; additions of inert substances to chemical 
resists, however, are often useful. The local 
development on cotton cloth, impregnated with 
)3-naphthol, of Paranitroaniline Red, ror example, 
is prevented at those places on which a paste 
containing china clay, stannous chloride and 
tartaric acid has been printed. In this case, 
the stannous chloride reduces the diazo-salt. 
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which is applied to couple with the j3-naphthol, 
to the corresponding hydrazine, which does not 
couple with naphthols. A “ discharge,” on the 
other hand, is printed on the dyed cloth and is 
dependent on the use of chemical agents to 
convert the dye into soluble colourless deriva¬ 
tives. If carefully selected dyes are added, 
either to resist or discharge pastes, it is possible 
to produce coloured resists or discharges on a 
ground of another colour. The dyes, or illuminat¬ 
ing colours, as they are sometimes termed, used 
in these cases must, of course, be insensitive 
to the action of the chemical agents used in 
the resist and discharge printing pastes. The 
innumerable ways by which discharge and 
resist effects can bo produced in modem textile 
printing are somewhat bewildering to chemists 
who have not had experience of the complex 
technique involved, and it is only possible 
to mention here a few of the most important 
methods in use. 

IIIa. Resist Styles. 

(1) Resists under Alizarin Reds. —A gum paste 
containing acid sodium citrate and china clay 
is used. 

(2) Resists under Indigoid Vat Dyeings .— 
These dyes can be resisted by printing pastes con¬ 
taining lead sulphate or china clay and copper 
acetate or nitrate. They are best dyed sub¬ 
sequently in the continuous caustic alkali-hydro- 
sulphite vat. Direct Indigo prints on cloth 
impregnated with glucose are resisted by means 
of a paste containing sulphur and lactic acid. 

(3) Resists under Indigosol Dyeings. —The cloth 
is padded with the usual mixture containing 
“ dye ” and sodium nitrite, dried and printed 
with a resist containing sodium sulphoxylate- 
formaldehyde and zinc oxide. Coloured pigment 
resists are obtained by using a paste pigment, 
albumen and gum tragacanth. Vat dye and 
suitable basic dye resists (illuminating colours) 
are obtained in an analogous manner. 

(4) Resists under Anthraquinonoid Dyeings .— 
Dyes such as Caledon or Indanthrene Blues, 
etc,, can be resisted by manganese chloride 
alone {Pokorny), but a white resist also usually 
contains zinc chloride, china clay and sodium 
m-nitrobcnzenesulphonatc. A red resist is ob¬ 
tained by adding diazotised p-nitro-o-anisidine 
to the white resist and printing it on to cloth 
impregnated with Naphtols or Brenthols. 

If Caledon Yellow G is added to the white 
resist, a yellow resist is obtained, the leuco- 
derivative of this dye being fixed in the sub¬ 
sequent dyeing with the vat dye used for the 
ground shade. Again, a so-called double reserve 
against both vat dye and red resist {see above) 
is obtained if stannous chloride is added to the 
white resist which is printed on the brentholated 
cloth, followed by the printing of the red 
resist. Goods printed with resists need to be 
carefully handled in the dyeing operation. The 
foregoing resists give best results when printed 
by block, whilst medium pressure in roller 
printing from deeply engraved rollers also gives 
satisfactory results. Indigosol dye resists under 
rat dyes can also be produced, and resists 
eontaining Leuootropes give very good results 


under nearly aU vat dyeings applied by a pad or 
cover roller. 

Basic dyes which are to be printed may be 
resisted by a paste containing sodium antimonyl 
tartrate, zinc sulphate and citric acid. 

(5) Resists under Azoic Dyes. —Azoic dyes 
can bo resisted by various agents, e.g. stannous 
chloride, sodium sulphite, wax, etc. Each 
substance has its own specific use in the exten¬ 
sive series of colour effects obtainable in this 
style. Acid salts are particularly valuable in 
resisting the navy-blue shades obtained with the 
azoic dye, Fast Variamine Blue B. Illuminating 
colours are easily obtained, e.g. by adding vat, 
Indigosols or diazo-salts to the acid salt resist 
paste, and developing the colours as required. 

(6) Resists under Anilme Black. —Multicolour 
effects on Aniline Black dyed grounds have 
always been in demand. Pnid’homme’s original 
process in modified form is still used. The cloth 
is padded with sodium ferrocyanido-aniline salt- 
sodium chlorate solution, squeezed, dried by 
hot air, cooled and printed with the resists. 
White resists are obtained with zinc oxide or 
acetate, sodium or magnesium acetate, potassium 
sulphite and potassium thiocyanate. Jiasic and 
a few direct and pigment dyes arc commonly 
used as illuminating colours. After printing, 
the cloth is dried and passed through the rapid 
ager to develop the Aniline Black and to fix the 
dyes in the coloured resists (bfisic dyes containing 
zinc compounds are fixed by the zinc ferro- 
cyanide formed during the ageing operation) ; 
the cloth is then passed through 0-5% sodium 
dichromate solution, washed well, soaped 
gently, rinsed, and dried. 'I’liis method is 
sometimes termed a discharge method. The 
so-called true resist process is carried out by 
printing the white cloth with pastes containing 
one or more of the above ingredients, together 
with zinc oxide, chalk, etc. The cloth is 
then dried, padded in Anihne Black liquor 
and treated as in the first process. Azoic dye 
resists are obtained by printing cloth, previously 
padded with Aniline Black and dried carefully, 
with strongly alkaline Brenthol pastes followed 
by drying, ageing at 100°C. for 4-5 minutes 
to develop the Black, padding with diazo¬ 
salt solution to develop the azoic dye, airing, 
washing, soaping at boiling-point, rinsing and 
drying. Indigosol dye resists are obtained by 
printing the dry, padded cloth with mixtures of 
the dyes, thickening agent, ammonium oxalate, 
potassium sulphite and sodium acetate. The 
printed cloth is dried gently, aged (steamed) 
for 6 minutes to develop both the Indigosol 
dye and Aniline Black, and finished in the usual 
way. Several other methods of resisting Aniline 
Black are available. In addition to the fore¬ 
going examples of resist processes, innumerable 
combination effects can be obtained with azoic 
dyes, produced in various ways, together with 
Indigosol, vat and chrome mordant dyes. 

IIIb. Discharoe Styles. 

(1) Acid Discharge of Turkey Red {Alizarin 
Red). —In this process, a white discharge is 
obtained on the dyed cloth by printing it with a 
paste containing a fairly high concentration of 
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organic acids, e>g. citric acid, followed by drying, 
passing through 12°Tw. bleaching powder 
eolation containing a little calcium carbonate in 
suspension, washing, passing through weak 
sodium dichromate solution at 30°C., washing 
well and drying. Lead nitrate is added to the 
white resist for a yellow colour, and l^russian 
Blue for blue. Discharge white effects may be 
obtained also by printing the dyed cloth, 
previously padded with 25% glucose solution, 
with a strong solution of caustic soda and 
sodium silicate thickened with British gum. 
Various dyes or chemicals, e.g. lead salts, which 
yield coloured pigments in after-treatment 
operations may be added to the white discharge 
paste ; they must be unaffected, of course, by 
strong alkali. The printed cloth is dried, 
steamed in the rapid ager, then passed through 
boiling 2-3% sodium silicate to clear the ground 
colour, washed, chromed, washed and dried. 

(2) Discharge Effects on Substantive Cotton 
Dyeings .—Innumerable colour effects can be 
obtained by discharging substantive cotton 
dyeings. Reducing agents of various types are 
the active substances used in the discharge 
pastes, e.g. sodium sulphoxylate-formaldchyde, 
acid stannous chloride, alkaline sodium stannitc, 
stannous acetate, etc. Almost all fast colour 
discharge effects can be imitated by the use of 
suitable illuminating colours on substantive 
cotton dyeings. 

Discharges on Antimony Tannate Grounds .— 
In practice, the cloth is padded in tannic acid 
solution containing ammonium chloride, dried, 
printed locally with caustic soda and British 
gum, dried, steamed in the rapid ager, passed 
through tartar emetic solution, rinsed and 
dyed with a basic dye ; finally, the white 
discharged parts are cleared with weak bleaching 
powder solution. Ammonium chloride is added 
to the tannic acid padding bath to prevent scum 
from the caustic soda pastes, and doctor streaks, 
from acting too energetically on parts of the 
cloth which are to be dyed. Sodium sulphoxyl- 
ate-formaldehyde, as well as caustic alkali- 
glucose, give good discharge effects, and alkah 
metal sulphites yield semi-discharge effects. 

(3) Discharge Effects on Vat Dyeings .—^Most 
of the iridigoid dyeings can be discharged with 
alkaline sodium sulphoxylate-formaldehyde 
printing pastes. More attention has been paid, of 
course, to the discharging of Indigo than any 
other member of this class, and special methods 
are in use. Thus, discharge effects on Indigo 
dyeings may be produced also by oxidising 
agents, e.g. a mixture of caustic alkali-potassium 
ferricyanide ; chromic acid-oxalic acid mixture; 
Freiberger’s sodium nitrate-nitrite-sulphuric 
acid process, etc. As a rule, however, reducing 
agents are more satisfactory in modem printing. 
Probably the most satisfactory method is that 
known as the L^eucotrope process, in which so- 
called Leucotropes, in conjunction with sodium 
sulphoxylate-formaldehyde, represent the active 
agents. Leucotropes are the condensates of 
benzyl chloride with N-alkyl substitution pro¬ 
ducts of aromatic amino-compounds. Leuco- 
trope 0, for example, is dimethylphenylbenzyl- 
ammonium chloride, and I^ucotrope W is the 
calcium salt of the disulphonic acid of Leucotrope 


O. When these products, together with zinc 
oxide and a powerf ul reducing agent, are brought 
into contact with Indigo, leuco-Indigo is firat 
formed, and the Leucotrope then combines with 
it to form a bright yellow dye which is not only 
stable in moist or dry air, but also may be 
insoluble (unsulphonated Leucotropes) or easily 
soluble (sulphonated Leucotropes) in alkali. 

Example.—White Discharge Effect on Dark 
Indigo Dyeing .—The cloth is printed with 16 
zinc oxide paste (60%), 10 Leucotrope W, 
24 sodium sulphoxylate-formaldehyde, 4 anthra- 
quinono (40% paste) and 46 British gum 
thickening. It is then dried, steamed at 102- 
104‘'C. for 4 minutes, passed in full width 
through 1-2% boiling sodium silicate solution, 
washed well and dried. 

Yellow Discharge Effect .—This is obtained by 
using Leucotrope 0 in the above recipe instead 
of the W^ brand. Certain members of the vat 
dye series may be used for multicolour discharge 
effects. 

Anthraquinonoid vat dyeings are not easily 
dischargeable, although satisfactory white effects 
can be obtained by means of strongly alkaline 
sodium sulphoxylate-formaldehyde. 

(4) Discharge Effects on Azoic Dyeings .— 
These are produced with printing pastes 
containing sodium sulphoxylate-formaldehyde, 
which exerts very powerful reducing action at a 
temperature of about 102°C., without damaging 
the cotton fibre. In some cases, however, e.g. 
a-Naphthylamine Claret, etc., this compound 
does not produce a clear white effect after long 
steaming, but the defect may be overcome by the 
addition of a small amount of a catalytic agent, 
e.g. anthraquinone, to the printing paste 
(8under’s process). Practically aU azoic dyeings 
can be discharged by this method ; exceptions 
are those combinations derived from Naphtols 
AS-G and AS-BR. Coloured discharge effects 
were formerly obtained with basic and mordant 
I dyes, but, nowadays, fast colour effects are 
required, and highly satisfactory results are 
obtained by means of the ordinary vat dye- 
sodium sulphoxylate-formaldehyde-potassium 
carbonate printing pastes (c/. direct printing 
with vat dyes, p. 180), to which a little anthra¬ 
quinone and an extra amount of the reducing 
agent have been added. 

Example. — White^ Yellow and Green Dis¬ 
charges on a Scarlet Ground .—The cloth is padded 
with 2 Brenthol OT, 2 Monopol Brilliant 
oil, 2*6 caustic soda solution (60°Tw.) and 
95 water, and dried. It is then developed with 
a diazo-salt solution produced from Fast Red 
KB base and equivalent to a 1*6% concentra¬ 
tion of the base. The dyeing is then washed, 
soaped at boiling-point, rinsed well, dried and 
printed with a white discharge paste, e.g. 60 
starch-tragacanth thickening, 16 sodium 
sulphoxylate-formaldehyde, 20 zinc oxide paste 
(60%), 3 potassium carbonate, 4 anthraquinone 
(30% paste) and 3 water. It is dried, steamed 
for 6 minutes and passed successively through 
baths of sodium perborate and acetic acid, water, 
boiling soap solution and water. A yellow 
discharge is obtained in an analogous way, 
using Printing Yellow GDK. Green and black 
effects may hs obtained with suitable anthra- 
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quinonoid vat dyes. An oxidising resist com¬ 
posed of thickened sodium chlorate may be 
printed first on the azoic dyeing, followed later 
by the discharge paste which discharges the 
dyeing at all places except those parts of the 
resisted portions on which it falls. Also, 
illuminated discharges prepared with gallo- 
cyanine dyes, e.g. Modern Blues, fixed with 
chromium acetate, can be resisted in a similar way. 

Colovred Discharges vnth Basic Dyes. —Several 
basic dyes may be used as illuminating colours in 
conjunction with sodium sulphoxylate-formalde- 
hyde discharge printing pastes on azoic dyeings. 
The fastness of these coloured discharge effects, 
however, is of such a low order that the style is 
nearly obsolete. A few other methods of pro¬ 
ducing multicolour discharge effects on azoic 
dyeings are used to a small extent. 

Special Methods of Printing. 

Crimp Effects. — In this distinctive process, the 
cloth is printed in thin, longitudinal, adjacent 
stripes, with a dextrin paste containing a fairly 
high concentration of caustic soda ; the 
printing paste may contain dyes insensitive to 
alkali and capable of being easily fixed, e.g. 
substantive cotton dyes. The printed cloth is 
“ aired ” for a short time without tension 
and then washed well, soured, dried and 
finished. The process can bo modified, e.g. by 
printing a paste made from Gedda gum in longi¬ 
tudinal narrow stripes, followed by drying 
and padding in caustic soda solution of merceris¬ 
ing strength. Finally it is finished like cloth 
printed by the former process. 

Metal Powder Prints. —Bronze powders, in 
different colours, and also aluminium powder, 
are used in the preparation of printing pastes 
for use generally on deep shades of cotton, etc., 
dyeings, especially black and navy-blue shades. 
Copal varnish was used formerly as the thickening 
agent, but a solution ofcellulose acetate in phenol, 
acetone, alcohol, etc., has been found to give 
excellent results. The printed material is dried, 
steamed in the rapid ager, washed and dried. 

Pigment - Lacquer - Prints. —Some beautiful 
single colour pigment designs, of a simple nature, 
on good quality dyed viscose rayon fabrics have 
appeared recently in commerce. The designs 
for these effects are cut out of thin zinc plate 
and the colours are apparently used in a 
similar way to ordinary stencilling colours. 

Azoic pigments, thickened by dispersing them 
in organic solvent solutions of cellulose acetate, 
are commonly used as printing colours. 

Wool Printing. 

Wool is printed in the forms of (a) woven 
fabric, (6) carpet yarn and (c) combed wool 
sliver. Also small amounts of knitted fabric 
are printed. In (c), the sliver is impressed in 
stripes at right-angles to the length of the sliver 
with thickened dyes, e.g. chrome-mordant dyes, 
which are fixed by steaming. The process is 
termed Vigoreux printing and the actual 
printing surface is in relief. The approximate 
area of material covered by the print is usually 
either 7, 16 or 22%, according to spinners’ 


requirements. The material is allowed to lie 
for some time, steamed, washed and then 
mixed thoroughly by passing it through gill 
boxes, in order, ultimately, to produce effects 
known as melang6 effects. Ordinary acid dyes 
are most generally used in all forms of wool 
printing, although direct cotton dyes give results 
of superior fastness to washing. Mordant dyes 
(chrome), vat dyes applied by the sodium 
sulphoxylate-formaldehyde process, Indigosol, 
Solcdon, basic and azoic dyes are also applicable 
to wool by printing processes. The printing 
pastes for acid dyes invariably contain organic 
acids, e.g. formic, acetic, tartaric, citric, oxalic 
acid, etc., as well as substances which aid the 
penetration and levelling of the dyes contained 
in the pastes. Since wool is not easily pene¬ 
trated by cold printing pastes, it is customary, 
in certain cases, to subject it to a preliminary 
operation, e.g. “ chlorination,” in order to 
overcome this resistance, in carrying out the 
operation, great care is needed to prevent 
damage to the fibre and the development of a 
yellow colour. Union goods of wool and cotton 
are treated in a similar manner. The usual 
procedure is as follows. The material, if woven 
cloth, is singed, examined carefully and any 
grease spots removed with benzene, etc. It is 
then crabbed, scoured with 3-4 lb. soap and 
8 oz. soda ash per 100 lb. wool at 50-55”C., 
rinsed well, bleached with hydrogen peroxide (c/. 
Bleaching), and also, in some cases, with 
sulphur dioxide, chlorinated, rinsed well and 
dried. In some cases, the cloth is impregnated 
with tin compounds, e.g. sodium stannate, 
then squeezed, passed through l~2°Tw. sulphuric 
acid, rinsed and dried. This preparatory treat¬ 
ment is especially useful when very bright 
shades are required, e.g. Khodamine shades. 
Basic dyes are unsuitable for printing chlorinated 
wool material. 

Printing. —This is done with (a) deeply 
engraved rollers, (b) blocks with patterns in 
relief and (c) screens. The methods under (a) 
and (6) are similar to those described under 
Calico Printing. Wool felt for cheap carpets, 
slippers, imitation furs, etc., is invariaby 
printed by hand -with blocks. Machine screen 
printing in from four to six colours is sometimes 
used for moquettes, etc. ; ingenious machines 
for this purpose are available. 

Thickening Agents. —These should combine 
excellent printing properties with ease of removal 
by washing in final operations. Dextrine, 
prepared gums and gum tragacanth appear to 
be the best. 

Steaming. —After printing, the goods are dried 
gently, rolled in moistened cloth and the 
whole steamed without pressure for one hour. 
Moist steam is essential for proper fixation of 
the dyes, and the conditions within the steaming 
chamber should be controlled scientificaUy. 

Washing. —The material is washed next with 
water to remove the gum, etc., hydro-extracted, 
and dried. In addition to the ordinary direct 
styles of printing mentioned, the Neolan and 
Palatine Fast dyes, used in conjunction with 
chromium acetate, formic acid and glycerol, 
give, on steaming, a wide variety of colours of 
excellent fastness to light and washing* More- 
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over, they can be easily discharged by sodium 
sulphoxylate-formaldehyde. 

Indigoaols ,—These give the best results when 
printed in conjunction with lead chromate and 
ammonium thiocyanate on chlorinated wool. 
The printed material is steamed for a short time 
and passed through a hot acid solution containing 
2*6% hydrochloric acid (36°Tw.) and 3-4% 
oxalic acid, when the chromic acid liberated 
by interaction of the acid in the bath with lead 
chromate on the cloth brings about the develop¬ 
ment of the printed Indigosols. 

Discharge Effects on Wool Dyeings .—These are 
produced nowadays in machine printing almost 
exclusively by printing thickened solutions of 
sodium sulphoxylate-formaldehyde, with or 
without suitable illuminating colours, on to the 
dyed cloth, which is then steamed to bring about 
the necessary chemical reactions. Azo dyes 
of the acid, direct and acid-mordant classes 
are used as ground shades. The dyes used as 
illuminating colours are invariably selected from 
the acid or basic classes of dyes. Stannous 
chloride is of value for discharge styles in hand 
block printing, as the printed material may be 
allowed to lie for comparatively long periods 
before steaming. 

Silk Printing. 

In many respects, silk resembles wool in its 
reactions towards tthemical agents and dyes. 
It olfers less resistance than wool, however, 
to the penetration of solutions at ordinary 
temperatures, whether they arc dispersed in 
thickening agents or not, so that a pre-treatment 
analogous to the chlorination of wool is not 
needed. Before printing, the cloth is scoured 
with soap at 40-50°C. for ^ hour, washed well 
and, in some works, impregnated with a dilute 
solution of stannic chloride, wound on to a 
wooden roller and allowed to lie for several 
hours, when it is washed thoroughly and dried. 
Bleaching with hydrogen peroxide (v. Breach¬ 
ing) is carried out if the silk is yellow. 

Thickening Agents .—Similar gums to those 
used for wool printing give the best results. 

Dyes Used in Silk Printing .—The acid dyes 
are the most important, but basic, substantive, 
acid-mordant and mordant dyes, made up into 
printing pastes on similar lines to those indicated 
under Calico Printing, are applicable. Acid- 
mordant dyes of the Neolan and Palatine Fast 
chrome series give very good results when 
printed with acetic acid or ammonium tartrate 
and chromium acetate. Mordant dyes of the 
true Alizarin type are still of considerable 
importance, notably in handkerchief printing 
and in other cases where excellent fastness to 
washing is required. It is interesting to note 
that an Alizarin Red printing paste similar to 
that used for cotton printing gives on steaming 
and clearing in soap a distinctly different shade 
of red aluminium Alizarin lake. Vat dyes are 
also applicable in printing silk. The examples 
of vat dye printing pastes given in connection 
with calico printing may be used, provided that 
an easily soluble gum is used as thickening agent 
and that any caustic alkali required in the initial 
treatment of certain dyes is converted into 


carbonate by addition of sodium bicarbonate. 
After printing, the silk is dried carefully, 
steamed for 6 minutes in air-free, but slightly 
moist, steam, in the rapid ager, and developed 
by a passage through a solution of 0-6% sodium 
perborate and 2-3% acetic acid solution at 60°C. 

Indigosol and Sededon Dyes .—Silk which has 
been printed with these dyes is dried, steamed for 
30 minutes and the dyes developed by treating 
the fabric in rope form in a solution containing 
0-05% sodium dichromato and 1% sulphuric 
acid at 60°C. for 5 minutes, followed by washing, 
soaping, rinsing and drying. The lead chromate 
process as outlined under Wool Printing is also 
applicable to silk. 

Discharge and Resist Effects on Silk .—These 
are of considerable importance. Resist effects 
with resin, waxes, etc., appear to have been 
used thousands of years ago. The methods of 
producing discharge effects have been simplified 
since the introduction of sodium sulphoxylate- 
formaldehyde, which is of chief importance in 
the machine printing of discharge pastes. 
The well-known bandana handkerchief style was 
produced formerly by printing acid dyes, e.g, 
red, yellow and blue, with black, by hand, 
followed by steaming ; next the silk was printed 
with an all-over pattern by means of a resin- 
wax-petrol mixture, and finally dyed with a 
green basic dye. The resist was removed 
finally with the aid of a volatile solvent and the 
material steamed again. This process has been 
considerably simplified and, at the same time, 
faster colour effects are obtained. 

Printing Rayons. 

The printing of rayon material has now 
become an important branch of textile printing. 
Two main classes of rayon, as previously 
indicated {see p. 124) are distinguished, 
viz. regenerated cellulose rayons (viscose and 
cuprammonium types) and cellulose acetate 
rayon. The printing of the former types is 
carried out on similar lines and with similar 
dyes to those used in calico printing (q.v.). 
In general, rayon is far more liable than cotton 
to undergo degradation when treated at elevated 
temperatures with the usual chemical agents 
used in printing and associated processes. 
Hence, all operations involved, especially wet 
operations, need to be conducted with great 
care, and the machinery used should be designed 
to introduce on the wet fibres as small an 
amount of tension as possible. A considerable 
proportion of fabrics to be printed are unions of 
rayon and cotton, and the preliminary operations 
are similar to those described briefly on p. 130. 

Styles of Rayon Printing .—All styles which 
require a great deal of mechanical treatment of 
the printed material are usually avoided. 
Direct printing processes with basic, mordant, 
acid-mordant, vat, azoic and sulphur dyes are 
in use, whilst discharge effects are usually associ¬ 
ated with substantive and azoic dyeings. Illumin¬ 
ated dischai^e effects on various kinds of dyed 
grounds are obtained by using dyes which are 
not affected by reducing agents. Dyeings 
which are unaffected by nitrous acid can be 
printed with fast colour dischai^e effects by 
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means of the Indogosol or Soledon dyes in 
conjunction with sodium sulphoxylate-formalde- 
hyde. The printed rayon is steamed for about 
10 minutes, whereby the dyeing is discharged. 
A subsequent treatment in 0*2% sodium 
nitrite in 3*5% sulphuric acid solution at 
66°C. for a few seconds develops the colours 
supplied via the discharge pastes. The general 
methods and the recipes used in these various 
styles are almost identical with those described 
under Calico Printing. I mpregnation of the rayon 
or rayon-cotton union cloth with Brenthols for 
azoic dyeings is done best by padding it with the 
alkaline solutions at an elevated temperature, 
since these products give more uniform dyeings 
when applied in this way. Selected sub¬ 
stantive cotton dyes are used for dyeings which 
are printed subsequently with discharge pastes. 

Printing Cellulose Acetate Rayon, —Material 
composed wholly of cellulose acetate rayon is 
scoured first with ammonia and soap (c/. 
Dyeing). Cotton warp-cellulose acetate unions 
containing a starch size are desized by steeping 
them in malt extract solution or other suitable 
desizing agents ; next they are scoured. 
Bleaching, if necessary, is carried out with hydro¬ 
gen peroxide. If the cotton yam in unions 
has not been kier-boiled before weaving, it is 
practically impossible to prevent it from becoming 
yellowish when the printed goods are steamed. 

Dyes for Printing Cellulose Acetate. —Special 
ranges of dyes (c/. Dyeing), selected from various 
chemical groups, are used in making printing 
pastes for the direct printing of cellulose acetate. 
In addition, selected direct cotton dyes may be 
used in conjunction with thickenings containing 
a little caustic soda, which, in the subsequent 
steaming operation, hydrolyses the cellulose 
acetate locally, whereby the dyes are fixed in 
much the same way as if they had been printed 
on mercerised cotton. Certain basic dyes also 
are suitable for printing cellulose acetate 
rayon, but they are of little importance now. 
Direct prints of basic mordant dyes of the 
gallocyanine series, e.g. Modern Violets, Priune 
Pure, Phenocyanine VSN Paste, etc., are 
fixed on cellulose acetate rayon by steaming ; 
when used for printing unions containing cotton 
or viscose rayon, it is necessary to add chromium 
acetate to the printing paste in order to fix the 
dyes on the cellulosic fibre during steaming. The 
straight method of producing azoic dyes on the 
fibre is inapplicable in the case of cellulose 
acetate rayon. This fibre may be printed, 
however, like cotton, with the Rapid Fast and 
Rapidogen series of dyes in a wide variety of 
shades (c/. Calico Printing). Vat dyes can be 
printed by the potassium carbonate-sodium 
Bulphoxylate-formaldehyde process, but prints 
of Indigosol and Soledon dyes need to be 
steamed for about 10-15 minutes in order to 
enable these dyes to penetrate properly into the 
fibre substance. Subsequently, the dyes are 
developed in a hot bath of nitrous and sulphuric 
acids. Examples. —(a) The fabric is printed 
with a paste containing 6-10% dye, 3% sodium 
nitrite and a little ammonia ; it is then dried, 
steamed by a few passages through the rapid 
ager, developed in 3*6% sulphuric acid solution 
at 75~80°0. for 3 minutes, washed, soaped at 


fiO-TO^C., rinsed and dried ; (6) pinting is 
done with a paste containing an Indigosol dye, 
but no sodium nitrite ; the fabric is then dried, 
steamed, developed in 3*6% sulphuric acid 
solution containing 0*125% sodium nitrite, 
and finished as described under (a). The 
difference between these processes and those 
used for printing cotton and viscose rayon 
goods is due to the fact that, in the case of 
cellulose acetate rayon, the dye is caused 
to penetrate the fibre by steaming and is not 
easily removed from it by washing, whereas an 
Indigosol dye which has been printed on cotton 
in a similar manner and steamed can be washed 
out. The special series of dyes made by most 
dye manufactures for cellulose acetate rayon 
are usually sent out as pastes and contain the 
dyes in a fine state of suspension ; they are 
thickened with gum and, after printing, the 
cloth is dried, steamed for 20 minutes without 
pressure, washed and dried. Most members of 
this series, apart from anthraquinonoid dyes, 
can be discharged with sodium sulphoxylate- 
formaldehyde. Certain amino- and aminoazo 
bases, in a fine state of suspension, are available 
for dyeing this material under various com¬ 
mercial names ; they are easily dispersed in 
soap solutions, are applied like other dye 
suspensions, and the dyeings may be diazotised 
and developed to various shades with ^-naphthol, 
j8-hydroxynaphthoic acid, etc. Those members, 
however, which are suitable for dyeing black and 
navy-blue shades appear to be of most interest. 
The members of a new series of water-soluble 
dyes, termed Solacet dyes (ICI), appear to be 
well-adapted for printing cellulose acetate rayon, 
since they are stated to possess all-round fast¬ 
ness properties, apart from fastness to chlorine, 
and can be discharged. 

Discharge Effects on Cellulose Acetate Rayon.- - 
Dyeings containing azo groups may be dis¬ 
charged with sodium sulphoxylatc-forrnaldehyde 
compounds, illuminated, if desired, either with 
basic or vat dyes. Development is carried 
out by the processes described under Calico 
Printing. Dyeings on unions of cotton and 
cellulose acetate rayons produced with direct 
cotton dyes and special dyes for cellulose acetate 
rayon also may be discharged similarly, although 
it is a more common practice to pad the cloth 
with a dilute caustic soda-glycerol solution and 
dry it in progressive stages. Surface hydrolysis 
of the rayon is thus effected, so that the dis¬ 
charge effects described briefly under regenerated 
cellulose rayons can be applied {see Styles of 
Rayon Printing, pp. 187 and 188). 

Union Fabrics containing Rayons. —The pro¬ 
gress made in the rayon textile industry during 
recent years has resulted in the production of a 
large number of var 3 dng types of multi-fibre 
or union fabrics which may require printing. 
Unions containing cellulose acetate rayon in 
conjunction with (a) silk, (6) wool and (c) viscose 
rayon are well known now ; unions of viscose 
rayon with different fibres are also in demand. 
Innumerable colour effects on solid or “ shot 
effect ” coloured grounds are obtainable by the 
adaptation of the methods described for the 
individual fibres. 

E. C. 
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DYER’S BROOM. Oeniata tinctoria 
Linn. {Dyer's broom. Dyer's greenweed ; Oenet, 
Oenestrole, Trentanel, Fr.; Oinster, Ger.) is 
found in the pastures, thickets and waste places 
throughout central and southern Europe, 
across Russian Asia to the Baikal, and northward 
to southern Sweden. It is frequent in the 
greater part of England, but rare in Ireland and 
Scotland. 

By treating an aqueous extract of the plant 
with lead acetate solution and decomposing the 
precipitate by means of boiling dilute sulphuric 
acid, Perkin and Horsfall (J.C.S. 1900, 77, 1312) 
obtained a mixture of two substances, lutcolin 
and genisieiit. These were separated by taking 
advantage of the fact that, with sulphuric acid 
in the presence of acetic acid, luteolin only gives 
an insoluble sulphate. 

Luteolin, CigHj^Og, yellow needles, m.p. 
329-330°, is r):7:3':4'-tetrahydroxyflavone: 


On demethylation, prunetin yields prunetol, 
CigHioOg, which was considered by A. G. 
Perkin {see Baker and Robinson, J.C.S. 1925, 
127, 1981) to be probably identical with geni- 
stein, and this has now been confirmed. Thus, 
genistein has been synthesised by Baker and 
Robinson {ibid. 1926, 2713; 1928, 3115) as 

follows: 2:4:6-trihydroxyphenyl p-methoxy- 

benzyl ketone (II), obtained from phioroglucinol 
and ^-methoxyacetonitrile by the Hoesch 
reaction, yields, on cinnamoylation, the mono- 
cinnamoyl derivative of 5:7-dihydroxy-4'- 
methoxy-2-8tyryHsoflavone (Ill). Methylation 
of this substance with methyl sulphate ultimately 
yields the trimethyl ether, which, on oxidation, 
gives 5:7:4'-trimethoxyi5oflavone-2-carboxylic 
acid (IV). This acid decomposes when heated 
above its melting-point, yielding 5:7:4'-trimeth- 
oxyt«oflavone, from which, by demethylation, 
genistein (I) is obtained. 



Genistein, colourless needles, 

m.p. 291-293° (P. and H.), m.p. 296-298° 
(decomp.) (Walz, Annalen, 1931, 489, 118), is 
soluble in alkalis with a pale ycUow coloration. 
Alcoholic ferric chloride gives a dull red-violet 
coloration, and alcoholic basic lead acetate a 
lemon-yellow precipitate. On digestion with 
boiling 50% potassium hydroxide solution, 
genistein gives phioroglucinol and p-hydroxy- 
phenylacetic acid. 

Triacetylgenistcin, colourless needles, m.p. 197- 
201°, tetrabromogenisiein, colourless needles, 
m.p. 290°, and trihenzoylgenistein, m.p. 239°, 
have been described. 

By methylation with methyl iodide genistein 
dimethyl ether, colourless leaflets, m.p. 137-139°, 
and methylgenistein dimethyl ether, m.p. 202°, are 
produced. The former yields a monoacetyl 
derivative, colourless needles, m.p. 202-204°, 
and when decomposed with alcoholic potash it 
gives p-methoxyphenylacetic acid and phloro- 
glucinol monomethyl ether. Acetylmethyl- 
genistein dimethyl ether, colourless needles, melts 
at 212-214°. 

Genistein diethyl ether, colourless needles, 
m.p. 132-134°, yields an acetyl compound, m.p. 
168-170°. 

It was suggested by Finnemore (Pharm. J. 
1910, [iv], 31, 604) that prunetin, CigHijOg, 
derived from the glucoside prunetrin (from 
Prunus bark), is the methyl ether of 6:7;4'- 
trihydroxyifioflavone; 




III. 


O 



Genistein is a feeble colouring matter, and 
upon woollen cloth gives, with chromium 
mordant, a pale greenish-yellow ; with alumin¬ 
ium mordant, a very pale yellow ; and with iron 
mordant, a chocolate-brown shade. 

From the soya bean {Soja hispida), Walz 
{l.c.) isolated a glucoside, genistin, m.p. 254-256°, 
which yields glucose and genistein by hydrolysis. 
The hexa-acetyl and hexabemoyl derivatives melt 
at 188° and 132° respectively. Genistin tri- 
methyl ether, m.p. 200-205° (decomp.), when 
hydrolysed by acid, gives genistein dimethyl 
ether {1-hydroxy-bA'-dimethoxyiBojlavone), m.p. 
290-293°. Genistin, accordingly, has the 
formula: 



Charaux and Rabate (J. Pharm. Chim. 1935, 
[viii], 21, 546; 22, 32) isolated sophoricoside, a 
/S-glucoside of genistein, from the green pods of 
Sophora japonka L. Sophoricoside forms 
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small white prisms, m.p. 297*6°, [a] d-- 32*2°, in 
pyridine solution containing 10% water. 

Dyeing Properties of Dyer's Broom, —In this 
respect there is a close resemblance between 
dyer’s broom and weld. The dyeing power of 
the former is distinctly the weaker of the two; 
otherwise the only point of difference worthy of 
mention is that shown by the iron mordant, 
which, in the case of dyer’s broom, gives a 
duller and more drab-coloured shade. 

A. G. P. and E. J. C. 

DYER’S BUGLOS v. Alkanet. 

DYESTUFFS, AZO. 

SYNOPSIS OF THE SUBJECT. 

A. General. 

Introductory.—Historical (p. 191).—^Modes of forma¬ 
tion of azo dyes (p. 193).—General properties of azo 
dyes (p. 193). 

B. Preparation of Azo Dyes by the Diazotisation 

ANi) Coupling Keactions. 

Intermediates classified according to functions (p. 
195).—Diazo components (p. 196).—Coupling com¬ 
ponents (p. 196).—The position of entry of the azo 
group (p. 197).—The mechanism of coupling (p. 198). 


the very wide applicability of the Diazo and 
Coupling reactions and in the simplicity of the 
plant and operations necessary to carry out the 
reactions on the manufacturing scale. 

In chemical constitution the azo dyestuffs are 
characterised by the possession of one or more 
azo groups, — N = N —, which almost invariably 
link together two aromatic residues. They 
therefore have the general formula 
Ri-N-N-Ra, 

where R^ and Ra are the same or different 
aromatic residues which may themselves contain 
azo groups. In several cases where dipole 
measurements have been made azo compounds 
have been found to be in the “ trans ” form, but 
theoretically both “ cis ” and “ trans ” forms 
are possible and in the case of azobenzene 
both have been isolated (G. S. Hartley, J.C.S. 
1938, 633). The fundamental reactions by 
means of which azo dyestuffs are most commonly 
obtained are first the reaction of an aromatic 
amine with nitrous acid, whereby a diazo com¬ 
pound results: 


C. Technical Azo Dyes. 

Azo dyes for wool (p. 203). 

Acid wool dyes (p. 203).—Mordant azo dyes (p. 
209).—Metal complexes as wool dyes (p. 214). 

Azo dyes for silk (p. 214). 

Azo dyes for leather (p. 215). 

Azo dyes for cotton (p. 215). 

Direct cotton dyes (p. 215).—Metal complexes as 
cotton dyes (p. 224).—Chemical constitution and 
cotton affinity (p. 224).—Cotton dyes after-treated 
on the fibre (p. 225).—(a) by diazotisation and 
development; (6) with metal salts ; (c) with 

formaldehyde (p. 226).—Dyes on mordanted 
cotton (p. 226).—Dyes for printing on cotton 

(p. 226). 

Azoic or ice colours (p. 227). 

Bases and coupling comiionents (p. 227).—Solid 
stable diazo compounds (p. 231).—Azoic printing 
mixtures (p. 231). 

Azo dyes for viscose rayon (p. 234). 

Azo dyes for acetate rayon (p. 234). 

Azo pigment and lake dyestuffs (p. 234). 

Miscellaneous applications (p. 236). 

Preparation^ manufacture and analysis (p. 236). 

A. General. 

Introductory.—The Azo Dyestuffs constitute 
about one-half of the total number of synthetic 
dyestuffs manufactured. The Colour Index 
(^ted by F. M, Rowe, Society of Dyers and Col¬ 
ourists, 1924) lists the constitutions of 600 differ¬ 
ent marketed azo dyes, but there are many more 
of unpublished constitution upon the market. 
It has been computed that even in 1914 one 
thousand differently constituted azo dyes were 
being manufactured (c/. Fierz-David, “ Kiinst- 
liche organische Farbstoffe,” Springer, Berlin, 
1926, p. 109), and in the interval there has been 
no slackening in the pace of invention. But 
the azo dyes as a class are remarkable not only 
for their numbers but also for the variety of 
purposes for which they provide suitable 
colouring matters. To name the most con¬ 
spicuous, there are azo dyes available for the 
dyeing of wool, silk, leather, cotton, linen, straw, 
paper, wood, viscose rayon and acetate rayon, 
and insoluble pigments for the colouring of 
paints, varnishes, distempers, printing inks and 
rubber ; there are dyes for colouring foodstuffs 
and a few have valuable medicinal properties. 
The source of this versatility is to be found in 


RNH2+HCI+HNO2-RN2CI+2H2O 

followed by reaction of the diazo compound with 
an aromatic amino- or hydroxy-compound or 
with a compound containing a reactive methyl¬ 
ene group such as acetoacetic ester. Thus 
diazobenzene reacts with phenol to give benzene- 
azophenol according to the equation : 

C6H6N2Cl-fCeH5.0Na 

-CeH,N 2 C 6 H 40 H-fNaCI 

the reaction being termed “ coupling.” 

By the use of diamines and aminoazo com¬ 
pounds as amines for diazotisation and of 
compounds able to couple twice as coupling 
components, compounds can bo synthesised 
containing two, three and four or more azo 
groups. Many of the most important technical 
azo dyestuffs are such poly azo compounds. 

The polyazo compounds present a problem in 
nomenclature, for while it is possible to give to 
them names on the same pattern as, for example, 
” benezeneazophenol,” the result is exceedingly 
cumbrous. Moreover, the intermediates used 
in azo dye synthesis usually confer characteristic 
I dyeing properties upon the dyestuffs to which 
they give rise. Any classification of azo dyes 
for technical purposes will conveniently take 
into account this relation and will be greatly 
assisted if the nomenclature adopted is based 
upon the intermediates employed. The custom¬ 
ary form of classification and nomenclature is 
based upon that first employed by Winther 
(“Patente der organischen Chemie,” 1877-1906, 
Band II—Organische Farbstoffe.) Thus, for 
example, “ Aniline-> phenol” means the product 
of diazotising aniline and coupling with phenol, 
and the constitutions of quite complex dyes can 
be expressed readily in this way, e.g, Chlorazol 
Brown LF (C.I. No. 661); 

salicylic acid 

m-tolylenediamine 2R acid 

t 

naphthionic acid 
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General formulae can be expressed simUarly 
using the symbols: 

A, a diazotised aromatic amino; 

D, a tetrazotised diamine ; 

E, a coupling component coupled with one 
molecule of a diazo component ; 

M, an amine coupled with a diazo component 
so as to provide an amino group for further 
diazotisation; 

Z, a coupling component coupled with two (or 
more) molecules of a diazo component. 
Chlorazol Brown LF is thus an example of the 
tetrakisazo dyes of the general formula 

\ M<- A 

This form of nomenclature has been freely 
used in this article. 

The dyes of general formula A^ Z A 2 are 
often termed “ primary ” disazo dyes and those 

of general formulse D<^ and A M -> E 

“ secondary ” disazo dyes. 

The following special abbreviations have been 
used : 

C.I. The Colour Index, edited by F. M. R-owe 
and published by The Society of Dyers and 
Colourists, 1924. 

Fr. “ Fortschritte der Teerfarbenfabrikation,” 
P. Friedlander, Springer, 1888 et seq. 

Fierz. “Kiinstliche organische Farbstoffe,” H. E. 

Fierz-David, Springer (Berlin), 1926. 

Fierz. Erganzs. “Kunstliche organische Farb- 
stoffc, Erganzungsband,” H. E. Fierz-David, 
Springer (Berlin), 1935. 

Winther. “Patente dcr organischen Chemie,” 
Band II, Organische Farbstoffe, A. Winther, 
Topelmann, 1908. 

Names of Manufacturing Firms. 

A. Aktien-Gescllschaft fiir AniHn-Fabrikation, 
Berlin.^ 

Bad. Badische Anilin- und Soda-Fabrik, Lud- 
wigshafen am Rhein.^ 

By. Farbenfabriken vorm. Friedrich Bayer & 
Co., Leverkusen.^ 

B. D.C. British Dyestuffs Corporation, Ltd., 

Manchester. 2 

C. A.C. Clayton Aniline Co., Ltd., Clayton, 

Manchester. 

Cass. Leopold Cassella & Co., Mainkur.^ 

Du Pont. E. I. Du Pont de Nemours & Co., 
Wilmington, Delaware. 

Gr. E. Chemische Fabrik Griesheim Elektron, 
Offenbach am Main.^ 

Gy. J. R. Geigy A.-G., Basle. 

I.C.I. Imperial Chemical Industries, Ltd., 
London. 

I.G. Interessen-Gemeinschaft fiir Farben- 
industrie A.-G., Frankfurt. 

K. Kalle & Co., Aktiengessellschaft, Biebricht 
am Rhein. 

L. B.H. L. B. Holliday & Co., Ltd., Huddersfield. 

M. L.B. Farbwerke vorm. Meister, Lucius and 

Briining.^ 

S. Sandoz Chemical Works, Basle. 

^ Now constituents of I.G. 

• Now a constituent of I.C.I. 


8.C.I. Society of Chemical Industry, Basle. 

St. D. Soc. Anon, des Mati^res Colorantes de 
St. Denis. 

Historical. 

One name constantly recurs through the 
records of the discoveries upon which the 
azo dyestuffs industry was founded—that of 
Peter Griess. The first azo dyestuff to be 
marketed in England, Aniline Yellow (C.I. 
No. 15), consisted of aminoazobenzene and was 
manufactured in 1863 by Simpson, Maule and 
Nicholson by the action of nitrous gases on an 
alcoholic solution of aniline. It had previously 
been obtained by Griess in 1859 (Annalen, 
1862,121, 262) by rearrangement of diazoamino- 
benzene and observed independently by M^ne 
(Wagner’s Jahresber. 1861,7, 496), but it was not 
until 1866 that its constitution was determined 
by Martins and Griess (Zeitsch. f. Chem. 1866, 
2, 132, 689). Meanwhile in 1863 Martius dis¬ 
covered Bismarck Brown (C.I. No. 331), which 
was obtained by the action of nitrous acid on 
jo-phenylenediamine and identified in 1867 by 
Caro and Griess as an azo compound {ibid, 
1867, 3, 278). They supposed it to be triamino- 
azobenzene, the true identity (of the essential 
component) being suggested later by Schultz to be 
benzene-l:3-di-azophenylenediamine (“ Chemie 
des Steinkohlenteers,” 2nd ed., II, 193). Bis¬ 
marck Brown was first manufactured by 
Roberts, Dale & Co., of Manchester, and has 
continued to be manufactured and employed 
as a dyestuff for 70 years. Again, in 1856, 
Hofmann by reduction of dinitronaphthalone 
obtained a coloured substance which l^erkin and 
Church later obtained by the action of potassium 
nitrite on a salt of a-naphihylamine in the 
presence of alkali and showed to be a-aminoazo- 
naphthalene (c/. Rowe, J. Soc. Dyers and Col. 
1938, 54, 552). However, the great family of 
azo dyestuffs known to-day does not originate 
from these earliest of its representatives which 
were made in empirical fashion, but from the 
systematic researches of Griess into a new 
class of compounds which he discovered and to 
which he gave the name of “ Diazo ” compounds 
(Annalen, 1858, 106, 123 ; 1860, 113, 201 ; 

Phil. Trans. 1864, 153, 679). His first example 
was diazodinitrophenol, the diazo compound 
from picramic acid, which he obtained by 
passing nitrous gases into its alcoholic solution. 
Among his many other researches into the 
properties of the diazo compounds, he applied 
them to the preparation of azo compounds, 
making anilinenaphthylamine in 1864 and 
also aniline phenol, the latter by the action 
of barium carbonate on diazobenzene, whereby a 
part of the diazo benzene was converted into 
phenol {ibid. 1864, 153, 679). Industrial 
application of the coupling reaction for the 
manufacture of azo dyes did not follow until 
the discovery and manufacture of Chrysfiidine, 
an orange dyestuff for wool, by the action of 
diazo benzene on m-phenylenediamine (C.I. 
No. 20). This was the discovery of Caro (1875) 
and independently of Witt (Ber. 1877,10, 664), 
and manufacture was undertaken by Williams, 
Thomas and Dower, of Brentford. Griess’s 
indirect preparation of benzeneazophenol was 
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followed up by Kekul^ and Hidegh (ibid. 1870, certain ways. For wool a most valuable dis- 
8, 233), who prepared it by direct coupling of covery was that certain dyes having hydroxy or 
diazobenzene with phenol, but still greater carboxy groups in ortho position to the azo 
impetus to wider employment of the coupling group could, after being dyed on the wool, be 
reaction was given by Roussin, who, working deepened in shade and rendered very much faster 
for the firm of Poirrier, investigated the coupling to washing and to light by treating the dyeings 
of the naphthols and so discovered Orange I with potassium dichromate. It was in the black 
(sulphanihc acid-> a-naphthol) (C.I. No. 150) shades that the advantages of this now class 
and Orange II (sulphanilic acid -> jS-najdithol) were most apparent, and the first of the “Mor- 
(C.I. No. 161). Griess’s own first patent was B.P. dant Azo Dyes” or “Chrome Wool Dyes” 
3698, 1877, concerned with some hydroxyazo to bo introduced to the market was Diamond 
dyes which included Lancaster Yellow, picramic Black F (C.I. No. 299), p-aminosalicylic acid -> 
acid -> phenol, manufactured by the firm of a-naphthylamine N.W.-acid (a>naphthol-4- 
Storey, of Lancaster. The realisation that the sulphonic acid). 

naphthols were valuable coupling components Improved fastness having been obtained, 
stimulated study of the chemistry of the naph- simpler ways of securing it have been sought, 
thols and of naphthalene derivatives generally, and while for their particular purposes the 
and an ever-increasing stream of new azo dyes Chrome Blacks and Browns have never been 
resulted. The possibility of more complex azo displaced, there have been made available “ Acid 
structures was also seen. In 1879 Nietzki Milling Colours” which, although applied 
(Ber. 1880, 13, 800, 1838) diazotised aminoazo- directly to the wool, give a large measure of the 
benzenedisulphonic acid and coupled to washing- and milling-fastness properties of the 
naphthol to obtain the first disazo dyestuff*, chrome dyes, and pre-chromed dyes which give a 
Biebrich Scarlet (C.I. No. 280), which was raanu- large measure of their hght-fastness and washing- 
factured by Kalle & Co. Nietzki thus obtained fastness. 

a secondary disazo dye of form A -> M E. The direct cotton dyes of the benzidine scries 
The first primary disazo dye, i.e. of form possess only moderately good light-fastness 
A^ Awas Resorcin Brown, m-xylidine-> and washing-fastness, but because of their 

resorcinol sulphanilic acid (C.I. No. 234), relative cheapness many of them are still among 
discovered by Wallach in 1881 and still em- the most important of the azo colours manu- 
ployed for the dyeing of leather. Two chromo- factured. A notable discovery was that of 
phoric groups in one molecule were thus secured 2-amino-5-naphthol-7-8ulphonic acid (J-acid) 
and consequently the possibility of synthesising by Benithsen and Jufius (B.P. 2614, 1893, 
dyes of deeper (bathochromic) shade. The first Bad.). This intermediate, when coupled to 
satisfactory wool black was, in fact, discovered form part of an azo dye molecule, makes a 
by Hoffmann and Weinberg in 1885 (B.P. 9214, definite and valuable contribution to cotton 
1885) and consisted of the secondary disazo affinity and in many cases also to fastness to 
dyestuff, Naphthol Black, a-naphthylamine- light. It has been used in many typos of azo 
disulphonic acid a-naphthylamine -> 2-naph- configuration, e.g. the characteristic Trisazo 
thol-3:6-di8ulphonic acid (C.I. No. 311). blues of the type of Benzo Past Blue FR (By.) 

All the azo dyestuffs discovered up to 1884 (C.I. No. 533), aniline-> Cleve acid 1:6-^ 
were capable of dyeing the animal fibres and Cleve acid 1 : 6 -> J-acid. 

particularly wool by direct absorption of the But apart from improvements in dyestuffs 
dyestuff from a slightly acid aqueous solution, designed for direct application to cotton, 
Those like Bismarck Brown and Chrysoidine fastness has repeatedly been sought through the 
which were basic in character could be applied medium of the production of sparingly soluble 
to cotton, but only by first mordanting the or insoluble dyes upon the fibre. In 1887 
cotton with tannic acid and tartar emetic so A. G. Green found that Primuline, which he had 
that there resulted on the fibre an insoluble discovered, dyed cotton directly and that the 
compound between mordant and dyestuff, yellow dyestuff while on the fibre could be 
When, therefore, in 1884 Griess (B.P. 1074, diazotised and coupled in situ with a chosen 
1884) discovered that certain disazo dyes from component, e.g. )3-naphthol (J. Soc. Dyers and 
tetrazotised benzidinesuli3honedi8ulphonic acid Col. 1888, 4, 39). To these colours the name 
possessed the property of dyeing cotton “ Ingrain ” was given. The class was soon 
directly without the aid of mordants, he set up expanded by the addition of aminoazo dyes, now 
a new landmark. Nevertheless, his dyestuffs often termed “ Developing ” cotton dyes, 
had not sufficient affinity for cotton to be Alternatively, cotton dyed with a suitable 
technically useful (cf. C.I. No. 439) and it feU to dyestuff, e.g. Para Fast Brown GR (By.) (C.I. 
Bottiger to discover the first technical azo direct No. 362), can be developed with a diazo corn- 
cotton dyestuff, Congo Red (A) (C.I. No. 370), pound such as that of p-nitroaniline. Such 
benzidine (naphthionic acid)a (B.P. 4415, developed dyeings consist of sparingly soluble 
1884). The discovery was rapidly followed by the but not completely insoluble dyes. While, 
preparation of more members of the “ benzidine ” therefore, they may provide improved washing 
class until practically a complete range of shades fastness over the Direct dyes, they do not 
became available in direct cotton colours. From approach the fastness of the Vat dyes. Earlier 
this point the history is one of continuous than this, however, Read Holliday & Sons had in 
research for extending new azo dyes to widen 1880 introduced the process of producing Para 
the range of shades available to the dyer or to Red (C.I. No. 44), the water insoluble pigment, 
provide means of obtaining improved fastness or p-nitroaniline -►^-naphthol, on the fibre by 
means of dyeing fast shades in simpler or more first impregnating cotton material with sodium 
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^-naphtholate solution and then developing it 
with diazotised p-nitroanilinc. A red “ dyeing 
was thus obtained with a very high degree of 
light and washing fastness. A few other 
combinations came into use and the class became 
known as the “ Ice Colours,” but none attained 
the importance of Para Red until the modem 
development of the azoic dyes (which is 
separately described in this article). 

In the period from 1920 onwards new synthetic 
fibres have been brought into commerce and 
have required ranges of dyestuffs for their full 
employment. These again have been largely 
supplied from the azo dyes, and it is of interest 
to notice that one of the successful methods of 
dyeing acetate rayon (with the lonaminos) 
was the discovery of Green, who had earlier 
discovered Primuhne and the Ingrain colours. 

For more details of the history of the azo dyes 
the introductory paragraphs in the volumes of 
Friedlflnder’s “ Fortschritto der Teerfarben- 
fabrikation ” may bo consulted; and the special 
part played by Griess is discussed in a lecture by 
Mason, “ Johann Peter Griess, 1829-1888 ” 
(J. Soc. Dyers and Col. 1930, 46, 33). 

Modes of Formation. 

The following methods of formation of azo 
compounds have bt?en described : 

1. The reduction of nitro compounds under 
jnild alkaline conditions, such as by zinc dust or 
iron and alkali, sodium amalgam and dilute 
alcohol or alkaline staniiitc (^ee, for example, 
Noelting and others, Per. 1887, 20, 3016 ; 1888, 
21,3140; 1897,30,2936): 

2RN02+4H2-RN:NR+4H20 

The method gives only symmetrical azo 
compounds. An illustration of its technical 
application is in the manufacture of Mikado 
Yellow (p. 221). 

2. By oxidation of primary amines : 

2R NH2-i 02 = R N:N R+ 2 H 2 O 

Thus from aniline, azobenzene can be obtained 
(Glaser, Annalen, 1867, 142, 364). The usual 
oxidising agent is alkaline hypochlorite, which is 
employed technically in the manufacture of 
Chloramine Yellow by oxidation of dehydrothio- 
/i-toluidinesulphonic acid (C.l. No. 814). 

3. By formation of the tautomeric quinone 

hydrazone. Zincke (Ber. 1884, 17, 3026) 

showed that by the action of phenylhydrazine 
on a-naphthoquinone, benzeneazo-a-naphthol is 
obtained identical with the compound prepared 
by coupling diazotised aniline with a-naphthol : 


O 



The manufacture of Tartrazino (C.T. No. 640) 
by the reaction between dioxytartaric; acid and 
phenylhydrazine-p-sulphonio acid is the one 
example of the technical application of this 
method of preparation (Ziegler and Locher, 
Ber. 1887, 20 , 834 ; G.P. 34294, 1886, Fr. I, 
658 ; B.P. 9858, 1885). 

4. By reaction between a nitroso compound 
and a primary amine in acetic acid or alcohol 
solution. Thus Baeyer (Ber. 1874, 7 , 1638) 
obtained azobenzene from nitrosobenzene and 
aniline. Other examples are described by 
Kimich {ibid. 1875, 8, 1027), Goldschmidt {ibid. 
1884, 17 , 214), Bamberger {ibid. 1893, 26 , 
473, 483), and Ruggli and Petitjean (Hclv. 
Chill). Acta, 1938, 21 , 711). 

5. By the “ coupling ” of diazo compounds 
with aromatic amines and hydroxy compounds. 
This is the method employed technically for the 
manufacture of most azo dyes as it is both the 
most easily carried out and by far the widest 
in application. The coupling reaction is con¬ 
sidered in more detail in a later paragraph. The 
method of preparation by heating a diazoamino 
compound with phenol in a suitable medium 
(Heumann and Occonomides, Ber. 1887, 20 , 
372; Fischer and Wimmer, ibid. 1887, 20 , 
1577) is in effect a variation on this method {see 
Azoic Printing Mixtures, this article, p. 227). 

6. There are several other methods of forma¬ 
tion starting from diazo compounds which 
need only be mentioned summarily here, viz. 
(a) by the action of bleaching powder on, 
for example, diazotised w-xylidinesulphonic 
acid (Zincke and K.uchenbecher, Annalen, 1903, 
830 , 2) ; (6) by the action of ammoniacal cuprous 
oxide with the production of symmetrical azo 
compounds (Vorlander and Meyer, Annalen, 
1902, 320 , 123); (c) by the action of sulphurous 
acid. 

General Properties of Azo Dyes. 

(1) Action of Alkalis. —Hydroxyazo dyes 
containing a sulphonic or carboxylic group 
usually form a differently coloured salt, and 
consequently the addition of sodium hydroxide 
to their solutions produces a modification in the 
shade (c/. Hewitt arid Mitchell, J.C.S. 1907, 
91, 1251). In the case of Brilliant Yellow, 
diaminostilbenedisulphonic acid (phenol) 2 , the 
change is sufficient to make the dyestuff useful 
as an indicator (yellow in acid and red in alkaline 
solution) and of little value for dyeing purposes. 
On ethylation of the hydroxy groups the 
valuable dyestuff Chrysophenine (p. 221), which 
is insensitive to alkalis, results. 

2 >-Hydroxyazo dyes are usually much more 
sensitive to caustic soda solutions than are the 
o-hydroxyazo dyes. For a discussion of the 
colour changes of o-hydroxyazo and o-aminoazo 
dyes, «ce, for example, Blumberger, Chem. 
Weekblad, 1933, 30, 638. 

(2) Action of Cold Dilute Acids. —Dyestuffs 
containing amino or substituted amino groups 
generally undergo a change in shade when 
treated with dilute acid {cf. Fox and Hewitt, 
J.C.S. 1908, 93, 333 ; Hewitt and Thomas, ibid. 
1909,95,1292; Hewitt and Thole, ibid. 1909,96, 
1393; 1910, 97, 611). In the case of Congo Red 
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and Methyl Orange this change is so profound 
that these colouring matters can be used as 
indicators. 

(3) Action of Cold Concentrated Sulphuric 
Acid .—Nearly all azo-colouring matters give 
characteristic colour changes with this reagent, 
and it is often used as an aid in the identificaton 
of dyes. The components of mixtures of dyes 
often reveal themselves, whcm the mixtures are 
thrown on to sulphuric acid, by the various 
colours produced by the particles as they 
become dissolved. There are certain relation¬ 
ships between the colours of the solutions of azo 
dyes in sulphuric acid and therefore of their 
absorption spectra, and their chemical con¬ 
stitutions. Thus the dyestuff aminoazobenzeno 
sulphonic acid (A) ->^-naphthol gives a green 
colour, A -> j3-naphtholsulphonic acids give 
blue and aminoazobenzene j9-naphtholsul- 
phonio acids give red-violet {of. Ber. 1880, 18, 
1840 ; Vogel, Sitzungsber. K. Akad. Berlin, 
1887, 34, 715; Ber. 1889, 22, 634, 2062; 
Schiitze, Z. physikal. Chom. 1892, 9, 2; 
Grebe, Diss. Leipzig, 1892 ; see also the 
many examples to be found in the Colour 
Index). 

(4) Action of Hot Hydrochloric Acid .—Many 
azo dyestuffs are decomposed on boiling with 
concentrated hydrochlorit; acid. Reduction 
and oxidation accompanied by chlorination 
occur in the case of aminoazobenzene, and 
aniline, jp-phenylenediamine and benzoquinone 
are among the products (Wallach and KoUiker, 
Ber. 1884, 17, 396). Azobenzene heated with 
hydrochloric acid in aqueous solution in a sealed 
tube at 130®C. or in methyl alcoholic solution 
on the water bath yields benzidine (from the 
rearrangement of hydrazobenzene), aniline and 
^-chloroaniline (Schmitt and Siepermann, J. pr. 
Chem. 1879, [ii], 19, 314). 

(6) Action of Hot Dilute Sulphuric and Hydro¬ 
chloric Acids .—Many azo dyestuffs when heated 
with dilute hydrochloric acid or sulphuric 
acid are decomposed with fission of the azo 
group. Witt (Ber. 1877, 20, 571) found that the 
dyestuff sulphanilic acid phenyl-)3-naphthyl- 
amine, when boiled with dilute sulphuric acid, 
gave sulphanilic acid and phenonaphthazine. 
Rowe and Dangerfield (J. Soc. Dyers and Col. 
1936, 52, 49) summarise the literature on the 
decomposition of azo compounds by mineral 
acids and describe experiments on the reaction 
of monoazo and disazo dyestuffs with boiling 
aqueous sulphuric acid. Fission of the azo group 
occurs with re-formation of the first component 
amine and substantially without reduction of 
any nitro group which may be present. Disazo 
dyes of the Sulphon Cyanine (or Coomassie 
Navy Blue) types (Table IX, Nos. 16-18) are 
decomposed in separate stages, initially with 
formation of the first component amine and a 
monoazo compound, not an aminoazo compound, 
followed by fission of the remaining azo group. 
Fierz-David and Ischer find the fission occurs in 
a different manner when the middle component 
is l-amino-2-naphthyl ethyl ether (Helv. Chim. 
Acta, 1938, 21, 664). 

(6) Action of Hydriodic Acid .—Concentrated 
hydriodio acid reduces azo compounds at the 
azo group to give the amine originally diazotised 


and the amino-substituted derivative of the 
coupling component. On occasion it provides a 
valuable method of identification of azo dye¬ 
stuffs (R. Meyer, Ber. 1920, 53, 1271). The 
liberated iodine is reduced with sulphurous 
acid or, conveniently, the reduction can be 
carried out with hydriodic acid and red phos¬ 
phorus, whereby hydriodic aciid is regenerated 
from the liberated iodine. 

(7) Action of Nitric Acid. —Azo dyestuffs are 
decomposed by fuming or by concentrated nitric 
acid. Nitrophenols and nitronaphthols derived 
from the coupling components were identified 
by Wallach and Kiepenheuer {ibid. 1881, 14, 
2618), Bohn and Heumann {ibid. 1882, 15, 
3038), and Meldola and Morgan (J.C.S. 1889, 
55, 608). More exact information was obtained 
by Schmidt (Ber. 1905, 38, 3201), who found that 
cold fuming nitric acid generally gave the nitrate 
of the original diazo compound and a nitro 
derivative of the coupling component. The 
eff ects of concentration and temperature of the 
nitric acid have been studied by Charrier and 
Ferreri (Gazzetta, 1914, 44, 165, 405). Scission 
of azo dyes by means of nitric acid is a valuable 
means of identification and has been developed 
by Rowe, particularly for the analysis of in¬ 
soluble azo dyes (J. Soc. Dyers and Col. 1924, 
40, 218). 

Under nitration conditions azobenzen® and 
its 2-, 3- or 4- methyl- or chloro- substituted 
derivatives give the 4:4'-dinitroazobenzene 
(Burns, McCombie and Scarborough, J.C.S. 
1928, 2928). The dyestuff sulphanilic acid -> 
diphenylamiiie, Orange IV (Table II, No. 2), on 
nitration gives Citronine (C.I. No. 146), but some 
fission of the azo group occurs. 

(8) Action of Chlorine^ Bromine and Hypo- 
chlorous Acid. —Chlorine, bromine and hypo- 
chlorous acid usually cause scission of azo 
dyes at the azo group (Schmidt, J. pr. Chem. 

1912, [ii], 85, 235 ; Mathewson, Chem. News, 

1913, 107, 265). Schmidt has obtained, 
from p-hydroxyazobenzeno, benzenediazonium 
chloride and trichlorophenol, and he considers 
that a moleule of chlorine is first added at the 
double bond. 

(9) Action of Reducing Agents. —The character¬ 
istic reaction of azo dyestuffs which serves to 
distinguish them from most other classes of 
dyestuffs is their easy reduction by a variety 
of reducing agents by which the azo molecule 
is eventually split and two primary amines are 
produced—the original amine used as diazo 
component and the amino-substituted derivative 
of the coupling component: 

Ri'N:NR2-j-2Ha-RiNH2+R2NHa 

H, Goldschmidt and A. Braanaas (Z. physikal. 
Chem. 1920, 96 , 180) suppose that reduction 
occurs in two stages of which the first is reduction 
to the hydrazo compound and the second, 
which proceeds at infinitely high speed, is 
splitting of the hydrazo compound to give the 
two amines. Conant and Pratt (J. Amer. Chem. 
Soc. 1926, 48, 2468), from electrometric methods, 
also consider the first product of reduction (of 
hydroxyazo dyes) to be the hydrazo compound, 
which breaks down into amine+quinone-imine, 
the latter then being reduced rapidly and 
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completely to the amino derivative of the 
original hydroxy coupling component. 

By cautious reaction the intermediate hydrazo 
compound can be isolated. 

When it is desired to isolate the products of 
scission the most convenient reducing agent is 
usually stannous chloride and hydrochloric acid 
(Witt, Bor. 1888, 21, 3471 ; Jacobson and 
Fischer, ibid. 1892, 25, 994; Jacobson and 
Honigsberger, ibid. 1903, 86, 4077, 4098). The 
resulting bases may separate as double tin salts, 
from which they can be obtained in pure 
condition and identified after removal of the tin 
by electrolytic deposition or by passing hydrogen 
sulphide through the solutions. Reduction is 
equally readily effected by the other acid reduc¬ 
ing agents (c/., c.gr., Witt, ibid. 1877,10, 350, 6.54). 
Reduction of Chrysoidine can be effected with 
zinc dust and hydrochloric acid and also by such 
alkahno reducing agents as zinc and ammonia 
or caustic soda (0. N. Witt, l.c.) and finely 
divided iron and caustic soda (Weiler ter Moor, 
G.P. 138496 ; Fr. VI, 1290), or catalytically 
with hydrogen (Whitmore and Revukas, J. 
Araer. Chcm. Soc. 1937, 59, 1500). The most 
convenient reducing agent is sodium “ hydro- 
sulphite,” which can be employed either in 
acid or in alltaline solution (Grandmougin, 
Bor. 1906, 39, 2494, 3561, 3929; J. pr. Chem. 
1907, [ii], 76, 124 ; Grandmougin and Guisan, 
Ber. 1907, 40, 4205). The reaction in this case is 
represented by the equation ; 

Ri-N :NR2-f-2Na2S204+4H20 

-RiNH2-|-R2NH2+4NaHS03 

(Franzen and Stieldorf, J. pr. Chem. 1907, [ii], 
76, 467 ; 0. Fischer, Fritzcn and Eilles, ibid. 
1909, [ii], 79, 562). 

(10) Action of Sodium Bisulphite. —Many 
azo dyes react with sodium bisulphite in 
aqueous or aqueous alcoholic solution to give 
well-crystallised azo sulphites which are very 
stable in dilute acid solution, but are rapidly 
decomposed by heat or in alkaline solution, 
giving the parent dyestuff and neutral sodium 
sulphite. The soluble sulphites of insoluble azo 
dyes have been employed in dyeing by impreg¬ 
nating the fibre with their solutions and develop¬ 
ing the parent dye in situ by steaming or by 
heating in an alkaline solution (B.P. 5767, 1883; 
2206, 1885 ; M.L.B., G.P. 29067, 30598, 30080, 
Fr. 1,549-553). Azarine S and R were ammonium 
bisulphite compounds marketed for this purpose 
(C.I. No. 97). 

The azo bisulphite compounds were dis¬ 
covered independently by Spiegel (Ber. 1885, 18, 
1479), who considered them to be azo addition 
compounds (Ri-NH-N (S08Na)-Ra). More 
recently they have been studied by King 
(J.C.S.‘l927, 2639; ibid. 1929, 601; ibid. 1932, 
1271; J. Soo. Dyers and Col. 1928, 44, 
14 ; ibid. 1930, 46, 225) and by Worosktzow 
(J. Russ. Phys. Chem. Soc. 1911, 48, 771 ; ibid. 
1915, 47, 1669; J. Amer. Chem. Soc. 1936, 
68, 2327). The formation of sulphite compounds 
appears to be limited to the azonaphthols. 
Worosktzow considers that the reaction is with 
the hydroxy groups present in the dyestuff, not 
with the azo ^oup, and that the products are 
salts of sulphurous esters, and in support 
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describes the preparation of disulphites from 
certain dihydroxy azo compounds. King*s view 
is somewhat similar to that of Worosktzow, 
but he considers the sulphite compounds to have 
a hydrazone structure. 

The reactivity of dyes towards bisulphite is 
technically significant because of the conditions 
which may arise during stoving (bleaching with 
sulphur dioxide) or the exposure of goods to the 
air of industrial districts. 

(11) Action of Diazonium Compounds. —Azo 
compounds react with diazonium salts in certain 
instances with replacement of the residue of 
the initial diazo compound by that of the reagent 
diazo compound (Noelting and Grandmougin, 
Ber. 1891, 24 , 1602; Grandmougin, Guisan 
and Freemann, ibid. 1907, 40 , 3453; Grand¬ 
mougin, ibid. 1908, 41 , 1096). Sulphanilic acid 
-> jS-naphthol with diazotised p-nitroaniline 
gives p-nitroaniline ^-naphthol together with 
the diazonium compound of sulphanilic acid 
(Wolff, ibid. 1908, 41 , 1403). 

The replacement of diazo residues in azo dyes 
by other diazo residues is governed by the 
relative coupling activity of the diazo com¬ 
pounds and occurs in the medium in which the 
entering diazo residue would normally couple. 
The reaction appears to be confined to azo 
dyes of the class R*azonaphthalene (S. F 
Filippitschev and M. A. Tschekalin, Anilino- 
kras. From. 1935, 5, 76). 

B. Pkeparation of Azo Dyes by the 

Diazotisation and CourLiNo Reactions. 

Intermediates Classified According to 
Functions. 

The technical azo dyes described in the 
Colour Index comprise some 600 dyestuffs utilis¬ 
ing 200 different intermediates. According to 
their mode of employment, azo dye inter¬ 
mediates can be classified as follows {cf. Winther, 
p. 1191): 

1. “ Diazo components ” or “ First com¬ 
ponents,” conveniently represented by the sym¬ 
bol A. These are amines capable of diazotisa¬ 
tion and then of coupling with suitable coupling 
components. 

2. Diamines capable of tetrazotisation (possi¬ 
bly indirectly) and then of coupling with two 
molecules of a coupling component. Symbol D. 

3. “ Coupling components ” or “ End com¬ 
ponents,” conveniently represented by the 
symbol E. These are amines or hydroxy 
compounds capable of coupling with diazo 
compounds. Two special classes of coupling 
components are “ Middle components ” and 
those which are coupled with two molecules of 
diazo component. 

4. “Middle components ”; symbol M. Those 
are coupling components which possess an 
amino group and couple in such a fashion 
that the amino group in the resulting aminoazo 
compound remains free to diazotise and couple, 
so giving a disazo dyestuff of the pattern 

6. “Twice coupling components” ; symbol Z. 
These are compounds which couple with two 
molecules of a diazo compound and so give rise 
to disazo dyestuffs of the pattern A Z A . 
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A particular intermediate is not necessarily 
restricted to the performance of only one of 
these functions. Thus H-acid, l-amino-8- 
naphthol-3:6-di8ulphonic acid, does in different 
dyestuffs perform all of the above functions, ex¬ 
cept, obviously, that of tetrazotisable diamine. 

By the combination of these several classes of 
components it is possible to build up azo dye¬ 
stuffs of many different patterns of varying 
complexity. These are tabulated in detail by 
Winther. However, almost all the technically 
important dyestuffs are comprised within the 
patterns given in column 2 of Table I, the most 
complex of which has a tetrakisazo structure. 

The technical applications of an individual azo 
dyestuff depend broadly upon its pattern (in the 
sense used above), but its more detailed pro¬ 
perties depend upon the particular components 
employed {cf. Table I). 

Compounds Capable of Taking Part in 
the Coupling Reaction. 

D 1 A.Z 0 Components. —Practically every aro¬ 
matic primary monamine is a potential diazo 
component, although, as described under the 
heading Preparation and Manufacture of Azo 
Dyes (p. 236), some amines require special 
measures to be taken for diazotisation. The 
diamines of the benzene series offer difficulties 
which can be overcome in the case of m- and p- 
phenylenediamine by careful choice of con¬ 
ditions, but o-phenylenediamine gives azimines 
when treated with nitrous acid. The diamines 
of the benzidine series and of bridged aryl 
ring systems such as diaminostilbenc, diamino- 
diphenylurea and thioaniline generally tetrazo- 
tise smoothly. 

o-Aminoazo compounds in general do not 
afford stable o-diazoazo compounds with nitrous 
acid, but give o-hydroxyazo compounds with 
evolution of nitrogen. Exceptions are recorded, 
e.g, 2':4'-dichloro-2-amino-4-methylazobenzeno 
(B.P. 434416 (I.G.)). m- and p-Aminoazo 
compounds generally behave normally and give 
m- and p-diazoazo compounds. 

Of the diazo components employed technically 
anihne, its homologues and its halogen, nitro, 
alkoxy, carboxylic acid and sulphonic acid 
derivatives are probably the most frequently 
employed and scarcely call for any other com¬ 
ment than to note as conspicuously important 
aniline itself, p-nitroaniline and sulphanilic 
acid, a- and aphthylamines are used, but not 
so frequently as their mono- and di-sulphonic 
acids. Of the aminonaphtholsulphonic acids 
only H-acid (l-ammo-8-naphthol-3:6-disul- 
phonic acid) is frequently employed as a diazo 
component. For the azoic colours (^ee p. 232) 
amines derived from more complex ring systems 
are also employed, e.g. aminoanthraquinones. 

An important special class of diazo com¬ 
ponents are derived from the o-aminophenols 
and o-aminonaphthols and used for the prepara¬ 
tion of azo dyes capable of forming metallic 
complexes in substance or on after-treatment 
on the fibre. The nitro- and halogeno- o-amino¬ 
phenols and their sulphonic acids and l.amino-2- 
naphthol-4-sulphonic acid and its fi-nitro- 
derivative are particularly important, 


Technically important diamines include p- 
phenylenediamine, benzidine, o-toUdine, o- 
dianisidine, benzidine-2:2'-disulphonic acid, 
4 : 4'-diaminodiphenylmethane, 4 : 4'-diamino- 
diphenyl sulphide (thioaniUne), 4 : 4'-diamino- 
diphenylaminesulphonic acid, 4:4'-diamino- 
stilbenedisulphonio acid and 4:4'-diamino- 
diphenylurea. 

Relative Stability of Diazo-Compounds .— 
Diazobenzene chloride decomposes in aqueous 
solution to the extent of about 0-5% in 1 
hour at 0"C. and 4-7% at 15°C. There is, 
how'cver, a great variation in stability among the 
technically important diazo-compoimds, diazo¬ 
benzene being among the less stable. Relatively 
to diazotised p-nitroaniline, which decomposes 
to the extent of 0-06% in 1 hour at 20°C., 
diazobenzene decsomposes 160 times more quickly 
and diazotised o-chloroaniline 25 times more 
slowly. More details as to stability of diazo¬ 
compounds in acid solution are given by Cain 
(“ Chemistry and Technology of the Diazo- 
Compounds”; also J.C.S. 1902, 81, 1412; ibid. 
83, 206, 470 ; Proc. C.S. 1908, 282 ; Ber. 1905, 
38, 2511) and Euler (Annalen, 1902, 325, 292), 
and more recently by Snow (Ind. Eng. Chem. 
1932, 24, 1420). A full discussion of the 
properties of diazo-compounds is given by 
Saunders, The Aromatic Diazo-Compounds 
and their Technical Applications,” 1936, p. 67 
{see also Diazo-Compounds, Vol. Ill, p. 583). 
The rate of decomposition is markedly influenced 
by the value of the solution. It may also be 
affected by the presence of other compounds, 
being retarded, e.g., by certain naphthalene 
sulphonic acids provided suitable adjustment of 
thepg value is made (Marriott, J. Soc. Dyers and 
Col. 1936, 52, 172) and accelerated by finely 
divided metals. The last effect can be the cause 
of serious loss in manufacture. 

In the preparation of hydroxyazo compounds, 
however, the coupling must usually be carried 
out under alkaline conditions (sodium carbonate 
or caustic soda), under which the diazo-cora- 
pounds are much less stable. 

Coupling Components. —The typical com¬ 
pounds employed as coupling components in the 
technical synthesis of azo dyes are the aromatic 
amines (primary, secondary and tertiary), dia¬ 
mines, hydroxy compounds, dihydroxy com¬ 
pounds, aminophenols and aminonaphthols. In 
addition, a number of compounds containing 
reactive methylene groups, including )S-di- 
ketones, which can couple in the enol form are 
particularly useful because they afford yellow 
I shades. The constitutional feature common 
to aU is the presence of an unsubstituted 
position ortho- or para- to the amino or 
hydroxy group. The amines and hydroxy 
compounds employed as couphng components 
are too numerous to mention, but the most 
im^rtant can be seen in the tables of 
technical dyestuffs which follow later. Of the 
aminonaphthols the most frequently employed 
are the sulphonated derivatives, H-acid (1- 
amino-8-naphthol-3:6-di8ulphonic acid), J-acid 
(2-amino-5-naphthol-7-sulphonic acid) and y- 
acid (2-amino-8-naphthol-6.sulphonic acid). Of 
the compounds containing reactive methylene 
groups (frequently called yellow components ”) 
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1 -jR-8ulphophenyl-5-pyrazolone-3-carboxylic acid, 
acetoacetanilide and diacetoacet-o-tolidide 
(Naphtol AS-G) are typical. 

Coupling occurs, though much less vigorously 
than with a-naphthylamine itself, with the 
following N -substituted derivatives of a- 
naphthylamine: p-toluenesulphon-a-naphthyl- 
amide (Witt and Schmitt, Ber. 1894, 27 , 2370; 
Konig and Kohler, ibid. 1921, 54 , 981), 

acet-a-naphthalide and benzoyl-a-naphthyl- 
amine (Konig and Kohler, l.c.) and the 
sulphamic acid of a-naphthylamino (B.P. 
238683 (I.G.)). In the last case the sulphamic 
acid is simultaneously hydrolysed. The N- 
methylnaphthylamides do not couple (Konig 
and Kohler, l.c.). 

In certain cases an alkoxy group can direct 
(rouphng with vigorously coupling diazo 
compounds containing negative substituent 
groups, but a non-aqueous solvent is frequently 
necessary; thus phenyl ethers couple in acetic 
acid with the diazonium compounds of p- 
nitroaniline and 2:4-dinitroaniline. In other 
cases the ether may be simultaneously’ decom¬ 
posed, thus a-naphthyl phenyl ether gives a 
mixture of azo-a-naphthyl ether and azonaphthol 
(K. H. Meyer et al., Annalen, 1913, 398, 67 ; 
Ber. 1914, 47 , 1741). As in the couphng of 
phenols the coupling of ethers is assisted by the 
presence of negative substituent groups in the 
diazo compound and of positive groups in the 
coupling component, and the extreme example of 
this relation is afi'orded by the case of mesitylene, 
which, though it contains neither hydroxy nor 
alkoxy groups, is capable of coupling with the 
diazo compound of trinitroaniline, but not, so 
far as recorded, with any less negatively sub¬ 
stituted diazo compound {ibid. 1921, 54 , 2283). 
K. H. Meyer has shown further that conjugated 
hydrocarbons of the butadiene series are 
capable of coupling with nitrodiazo-compounds 
in glacial acetic acid {ibid. 1919, 52 , 1468). 

Position of Entry of Azo Group. —In the 
benzene series coupling occurs almost entirely 
in para position to the amino or hydroxy 
group, so long as that position is available, with 
displacement of the hydrogen atom. Phenol, 
on coupling with diazotised aniline orp-toluidine, 
gives about 1% of o-hydroxyazo compound 
(Bamberger, Ber. 1900, 33, 3188) and a similar 
proportion with diazotised o-toluidine, p- 
bromo-, p-chloro- or p-iodo-aniline (Chattaway 
and Hill, J.C.S. 1922, 121 , 2766). Negative 
groups in meta position to the directing amino 
or hydroxy groups usually inhibit coupling or 
at least render it difficult. Thus m-nitroaniline, 
w-chlorophenol and metanilic acid generally do 
not couple, but N -diethylmetanilic acid couples 
with the vigorously coupling diazo compound 
from 2:4-dinitroaniline (C.I. No. 50). Aniline 
itself gives under the usual coupling conditions 
the corresponding aryldiazoaminobenzene, but 
on substitution of aniline with positive 
groups there is increasing tendency to formation 
of the azo compound without intermediate 
formation of a stable diazoamino compound, par¬ 
ticularly when the positive group is in meta j 
position to the amino group. Those amines 
which readily couple in para position, leaving | 
the amino group available for further diazotisa-1 


tion, are useful as “ middle components,” e.g. 
cresidine (3-amino-4-methoxytoluene). If the 
para position is occupied, then coupling occurs 
in the ortho position (to the amino or hydroxy 
group) if that position is free. Occasionally a 
jp-substituent may be displaced as in the 
coupling of diazobenzene with p-hydroxybenzoic 
acid (Limpricht, Annalen, 1891, 263, 236). 
Coupling never occurs in m-position. The 
almost exclusive entry in the p-position is 
occasionally useful for the preparation of azo 
intermediates. Thus salicylic acid coupled with 
diazobenzeno and reduced gives aniline and 
p-aminosalicylic acid, whereas nitration and 
subsequent reduction of salicylic acid gives a 
mixture of o- and p-aminosalicylic acid. 

Phenol can couple with two and even three 
molecules of certain diazo compounds, the 
second and third azo groups entering in the o- 
positions (see, e.j/., Grandmougin and Freimann, 
Ber. 1907, 40, 2662 ; Chattaw^ay and Hill, 
J.C.S. 1922, 121, 2756). 

m-Phenylenediaraine and resorcinol couple 
with a second molecule of a diazo compound much 
more readily than do aniline and phenol, and it is 
generally considered that the first azo group 
enters in position 4 and the second in position 2 


OH 


RI-N-N 



N-NR2 


OH 


to yield a disazobt^iizeiie derivative. The 
naturally occurring eatechin is an interesting 
resorcinol derivative (Perkin and Yoshitake, 
ibid. 1902, 81, 1162). When a suitable diazo 
component is used, trisazo dyes can be obtained 
(c/. Orndorlf and Ray, Chom. Zentr. 1910,11, 
560 ; (I.C.l.) U.S.P. 1616850; and B.P. 441398). 
m-Phenylenediarnine, unlike aniline, does not 
give a stable diazoamino compound, but gives the 
azo compound directly. The effect of sub¬ 
stituents on the coupling of m-phenylenodiamine 
has been studied by G. T. Morgan (J.C.S. 1902, 
81, 86, 650 ; 1905, 87, 935, 944 ; 1906, 89, 1054 ; 
1907, 91, 360). 

Of the aminophenols only w-aminophenol 
couples readily. The case of w-amino-p-cresol 
is noteworthy, as it requires (in the case of 
Eriochrome Verdone A, C.I. No. 292) the very 
unusual condition of the presence of sodium 
thiosulphate during coupling which occurs in 
para position to the amino group. 

In the naphthalene series jS-naphthol and 
j3-naph thy famine couple exclusively in the a- 
position, i.e. in ortho position to the hydroxy 
or amino group. If this position is occupied 
then either no azo compound is formed or 
coupling occurs with displacement of the a- 
substituent. Thus l-halogeno-2-naphthols 
(Hewitt and Mitchell, ibid. 1906, 89, 1167), 
methylenedi-jS-naphthol (Brass and Sommer, 
Ber. 1928, 61, 993) and 2-naphthol-l-8ulphonio 
acid (Grant Hepburn, B.P. 116360) all give 
Para Red with diazotised p-nitroaniline. In the 
last case, however, the stable diazonium 
sulphonate which is first formed undergoes quite 
different reactions in the presence of excess 



198 


DYESTUFFS, AZO. 


caustic soda {cf, Buoherer, Ber. 1909, 42, 47 ; 
Wahl and Lantz, Bull. Soc. Chim. 1923, [iv], 33, 
97; Kowe and others, J.C.S. 1926, 690 ; Poliak 
and Gebauer-Fiilnegg, Monatsh. 1928, 50, 310). 

The behaviour of a-naphthol and a-naphthyl- 
amine and of their sulphonic acids depends 
upon the particular diazo compound in use and 
upon the positions of the sulphonic acid groups 
if present. With typical negatively substituted 
diazo compounds coupling occurs almost 
entirely in para position to the — O H or 
—NHg group, but the behaviour of a-naphthol 
is anomalous in that with 6-nitro-l-diazo-2- 
naphthol-4-sulphonic acid (Eriochrome Black T 
(Table X, No. 17)) coupling is exclusively in 
ortho position, while with l-diazo-2-naphthol-4- 
sulphonic acid (Eriochrome Blue Black B 
(Table X, No. 15)), coupling occurs mainly in 
ortho position, but to quite a discernible extent 
in para position (Fierz-David and Briitsch, 
Helv. Chim. Acta, 1921, 4, 380). 

The coupling of the 3-, 4- and 5-sulphonic 
acids of a-naphthol and a-naphthylamine has 
been investigated (Gattermann et aL, Ber. 1897, 
30, 50 ,* Annalen, 1912, 393, 198). Gattermann 
found varying proportions of ortho and para 
coupling of a-naphthylamine- or a-naphthol-5- 
sulphonic acids according to the diazo com¬ 
pound used. The amine sulphonic acid gave 
with diazotised sulphanilic acid 100% ortho 
coupling, with diazotised dinitroaniline 100% 
para coupling, with diazotised p-nitroaniline 
57% ortho coupling. The a-naphthol-5-8ul- 
phonic acid gave chiefly ortho coupling with 
diazotised sulphanilic acid and p-chloroaniline, 
but with diazotised p-nitroaniline chiefly para 
coupling. Similar relations were found for the 
3-8iilphonic acids, but the tendency to ortho 
coupling was found to be greater. Broadly, 
this may be summarised that the most vigorously 
coupling diazo compounds (such as that from 
2:4-dinitroaniline) couple to give para-azo 
compounds, but with less vigorous diazo com¬ 
pounds there may be obtained varying propor¬ 
tions of or even wholly ortho coupling, dej ending 
upon the individual case. 

The coupling of the dihydroxynaphthalenes 
has been studied by Fischer (Fischer and Bauer, 
J. pr. Chem. 1916,[ii], 94, 9,22 ; ibid, 1917,[ii],95, 
261; Fischer and Hammerschmidt, ibid. 1916, [ii], 
94, 24). l:6-Dihydroxynaphthalene, which is 
the most interesting technically on account of its 
use in Diamond Black PV (Table X, No. 10), 
couples with diazotised aniline, anthranilic acid 
or m-aminobenzoic acid in the 4-position, but 
with o-aminophenol or o-aminophenol-4-sul- 
phonic acid in the 2-position. Only a very slight 
tendency towards disazo colour formation was 
found. 1:6-Dihydroxynaphthalene, on the other 
hand, readily forms disazo and trisazo com¬ 
pounds. 

As coupling components the aminonaphthols 
behave similarly to the corresponding naphthyl- 
amines or naphthols according to the couplhig 
conditions. Under acid conditions coupling is 
directed by the —N Hj group, and the resulting 
monoazo compound may then be capable of 
coupling under alkaline conditions with a 
second molecule of a diazo compound to give a 
disazo compound, the second entering azo group 


being directed by the — OH group. This is so 
in the case of, for example, H-acid, S-acid and 
J-acid : 

OH NHg 

(2) (1) A1 

(acid) 

SO3H 



H-acid. 



(acid) 



j but not in the case of y-acid. When the; 

’ alkaline eou{>ling is carried out first only the one* 

I coupling ortho to the — OH group can be 
obtained, but thf3 — NHg group can be further 
diazotised and coupled. 

The /l-diketones and pyrazolones couple to 
give o-hydroxyazo compounds, e.y. 

CH3 C(0H) : C'CO NH CyHj, 

N : NR 

and 

COOH 

I 

N CN : NR 

HOsSCeHjN-li(OH) 

The Mechanism of Coupling. —The forma¬ 
tion of a stable or metastable diazoamino- 
compound has been observed so often that it 
seems reasonable to assume that in the azo 
coupling reaction between a diazo-compound 
and an aromatic amine this is a normal inter¬ 
mediate stage {cf., for example, Bemthsen and 
Goske, Ber. 1887, 20, 925 ; Bamberger and 
Wulz, ibid. 1891, 24, 2082; Morgan and Mickle- 
thwaite, J.C.S. 1907, 91, 360). This is in 
harmony with the frequently observed pheno¬ 
menon of diazo exchange illustrated by the 
reaction between diazotised sulphanilic acid and 
p-toluidine, which gives some sulphanilic acid 
and p-toluenediazonium chloride (Griess, Ber. 
1883, 15, 2190), and that between diazotised 
)5-naphthylamine and m-4-xylidine resulting in 
formation of w-xyleneazo-)3-naphthylamine 
(Norman, J.C.S. 1919, 116, 676). The tauto- 
meric l^haviour of diazoamino-compounds 
which underlies diazo exchange has been 
employed technically for the preparation of 
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stable diazo-oompounds for use in azoic printing 
mixtures {see p. 233) (B.P. 433878 (I.G.))* 

(1) Ri N:N OH-f-R2.NHj; 

= R^N:NNHR2+H20 

(2) Ri-NiN NH-Ra;;^ Ri.NH N:N R2 

(3) Ri NH N:N R2+H'R30H 

®=‘*R1NH2+R» N : N-R= OH 

It is also certain that, under suitable con¬ 
ditions, many diazo-compounds (R^NgCI) can 
react with alkaline phenols (HOR®) to yield 

Ri N OR2 

diazo-oxides, R^‘N:N-OR2 or ||| 

N 

and Dimroth (Ber. 1907, 40 , 2404, 4460; ibid. 
1908, 41 , 4012) has suggested that these diazo- 
oxides are intermediates in the ordinary coupling 
reaction, which are always formed momentarily, 
but only capable of isolation in a few cases. 

Other suggestions are based on the formation 
initially of a direct addition product, but 
whereas Auwers and Michaelis {ibid. 1914, 47 , 
1286) and Karrer {ibid. 1915, 48 , 1938) consider 
the initial product to be an oxonium or ammon¬ 
ium salt: 

H R OH+RiNg OH ->H R O^OH and 

\N 2 Ri 


H R NH2+RIN2 OH 


HRN—H 

VOH 


which loses water to giv^e R^*N 2 *R'OH or 
R^-Nj R NH^, K. H. Meyer (Annalen, 1913, 
398 , 66) considers the addition occurs directly 
to the conjugated chain of the hydrocarbon 
(activated by the phenolic or basics group), 
followed by the elimination of water. In 
support of this view Meyer has adduced the 
coupling power of hydrocarbons of the butadiene 
series and of aromatic hydrocarbons such as 
mesitylene {see Compounds Capable of Coupling, 
p. 196). The two theories can, however, be 
brought into line if, as pointed out by Robinson 
(Annual Reports of the Chemical Society, 1920, 
17 , 76), the unsaturated oxygen or nitrogen is 
included in the conjugated system, and this is 
more in keeping with the enormously greater 
readiness with which coupling occurs in the case 
of phenols and amines and with the numerous 
cases of hydrolysis of phenol ethers during 
coupling. 


C. Technical Azo Dyes. 

The constitutions have been published of more 
than 600 different azo dyes, many of which are 
manufactured by a number of firms and appear 
on the market under a variety of trade names. 
It is impossible, therefore, to give a complete 
catalogue of them here. Instead, reference 
should be made to the Colour Index (edited by 
F. M. Rowe, 1924, Supplement, 1928, Society 
of Dyers and Colourists), to G. Schultz, 
Farbstofftabellen, 1914, Erganzungsband 1, 
1928, n, 1932, or to the survey of azo dyestuffs 
given by H. E. Fierz-David (“ Ktinstliche organ- j 


ischoFarbstofife,” 1926, and “ Erganzungsband,” 
1935, Springer, Berlin). 

In Table I the dyeing properties of azo dyes 
are summarised in relation to constitution, which 
is expressed in terms of general azo formula) 
and the types of components employed. It 
will be seen that while azo dyestuffs are available 
for the dyeing of all fibres and for many other 
technical purposes demanding the use of colour, 
any one azo dye has usually a restricted applica¬ 
tion. The first main division according to 
constitution is into dyes with and without 
the substituent groups which give solubility in 
water, essentially sulphonic acid and carboxylic 
acid groups. Technically important water- 
insoluble azo dyes are almost all of monoazo 
constitution ; there are a few disazo dyes 
of interest, but scarcely any of greater azo com¬ 
plexity. They provide pigments which can bo 
producediin substance or upon substrates, and the 
latter may consist cither of the bases of the lake 
manufacturer {e.g. alumina or blanc-fixe) or of 
textile fibres. According to their solubility or 
insolubility in various other solvents, the 
insoluble azo dyes are employed for the colouring 
of such varied materials as water and oil paints, 
printing inks, lacquers and varnishes of all 
types, rubber, synthetic plastics and foodstuffs. 

The applications of the water-soluble dyes fall 
into two broad classes, the dyeing of animal 
fibres and materials (typified by wool) and the 
dyeing of vegetable fibres (typified by cotton). 
Few azo dyes are apphcable equally to wool and 
to cotton, and those equally applicable are not 
generally completely satisfactory on cither 
fibre. 

When an insoluble azo dye can be produced 
on the fibre the resulting dyeing very often 
possesses greater fastness to washing and related 
treatments than can be obtained by dyeing 
directly with soluble dyes. This is particularly 
the case with cotton dyeing and accounts for 
the modem developments of the azoic dyes 
(wep. 227). On the other hand, many technical 
difficulties attend the production of insoluble 
azo dyes on the fibre. The history of the 
development of the azo dyes consequently 
records many efforts on the one hand to improve 
the ease of application of the insoluble dyes 
and on the other hand to reach the best com¬ 
promise between soluble and insoluble dyes by 
applying soluble dyes to the fibre and sub¬ 
sequently rendering them insoluble or sparingly 
soluble by an after-treatment. The latter result 
can be accomplished in two characteristic ways. 
The first consists in producing a dyestuff of 
greater azo complexity by employing a dyestuff 
having a free primary amino group wliich can 
be diazotised on the fibre and coupled with an 
insoluble coupling component such as w-phenyl- 
enediamine, jS-naphthol or 1-phenyl-3-methyl- 
6-pyrazolone (“ Diazo ” or “Developing” Dyes), 
or alternatively the initial dyestuff may contain 
a component capable of coupling twice {e.g, 
m-phenylenediamine) and development is 
effected by treating with a diazo compound such 
as that of p-nitroaniline. 

The second method of producing sparing 
solubility is by means of mordants. Basic 
azo dyes, such as Bismarck Brown, can be fixed 
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on cotton mordanted with tannin and tartar 
emetic^ but tliis method is now of little import¬ 
ance. On the other hand, many azo dyes 
having suitably disposed hydroxy or carboxy 
groups form inner complex co-ordination com¬ 
pounds with copper and chromium compounds 
(Mordant Azo Dyes), and these are of the first 
importance. They frequently possess very 
high light-fastness as well as good washing¬ 
fastness. After-chroming is usually applied to | 
wool and after-coppering to cotton. 

The distinctions made in Table I between dye¬ 
stuffs for wool and for cotton are on a technical 
basis and represent broad generalisations. 

Azo Dyes for Wool. 

Acid Wool Dyes .—Broadly speaking, all azo 
dyes possessing substituent groups which give 
them solubility in the dilute acid bath from which 
wool is normally dyed can be applied to wool, 
but the dyes possessing technical value for 
the purpose are practically confined to the 
monoazo class and to certain groups of members 
of the disazo class. The properties commonly 
required in a wool dyeing are levelness or even¬ 
ness of shade and fastness to washing, milling, 
potting and light. For some purposes bright¬ 
ness of shade also is requisite. It may not be 
necessary to have all these properties in every 
instance, and, in fact, it is not usually possible 
to secure them all simultaneously. The affinity 
of azo dyes for wool varies and while those of 
relatively low affinity dye evenly and have poor 
fastness to washing, those of high affinity tend to 
dye unlevel but to have very good fastness to 
washing, milling and related treatments. There 
is every grade of affinity to be found between 
the two extremes, but it is convenient for tech¬ 
nical purposes to divide the general class of 
acid wool dyes into the “ Level Dyeing,*’ 

“ General Purpose ” and “ Fast to Milling ” 
classes, which correspond approximately to the 
broader differences in constitution set out in the 
following table. 


Constitution. 

Dyeing properties on 
wool. 

Monoazo 

A ->E 

Level dyeing and 
general purpose. 

Shades yellow, 
orange, red, violet, 
blue. 

Disazo 

Ai->Z<-AS 

General purpose. 
Shades brown, 
dark blue and dark 



green. 


^£2 

Fast to milling, par¬ 
ticularly in yellow, 
orange and red 
shades. 


a->m ->e 

Fast to milling, par¬ 
ticularly in navy- 
blue and black 
shades. 


There is thus a general tendency to obtain 
increasing affinity for wool and a corresponding 
increasing fastness to severe treatments, such as 
severe washing and milling, on passing from the 
simple monoazo to the disazo structure, and 
this is continued on passing to trisazo and 
more complex azo structures ; however, the 
latter are rarely of technical value for wool 
dyeing because of the generally dull and uneven 
I shades that result. In a similar way increase in 
molecular weight within any one kind of azo 
structure has a tendency in the same direction 
(c/. Table II, No. 7), and it would appear that an 
appendage of high molecular weight attached to 
an arylazoaryl structure is particularly favour¬ 
able to milling-fastness. Thus many recent 
patents are concerned with azo milling wool 
dyestuffs in which monoarninodiaryl ethers, 
aminoaryl-N-substituted sulphonamides and 
similar amines are used as diazo (tamyjoncnts, 
while the well-known Polar (Gy.) series of milling 
wool colours are characterised by the presence 
of an arylsulphonic ester grouj). This factor 
may cut across the generalisation made above. 
Again almost all acid wool dyestuffs possess their 
acid character by virtue of sulphonic acid 
groups, and the number and disposition of those 
may influence quite strongly the fastness pro¬ 
perties of an individual dyestuff. The subject 
has been studied by Speakman and Clegg (J. 
Soc. Dyers and Col. 1934, 50, 348), who found 
that in a series of arylazonaphthol dyes the 
level dyeing properties were determined largely 
by their colloidal character in solution and that 
minimum aggregation and best levelling pro¬ 
perties (and conversely the lowest milling 
fastness) are secured with a minimum number of 
sulphonic acid groups and those disposed as far 
as possible from one another and from the azo 
group. (Cf, also Brode and Griffith, Amer. 
Dyestuff' Rep. 1937, 26, 90P.) The milling- 
fastness of a dyestuff is judged from two points 
of view: (o) the extent of the reduction in 
strength of the original dyeing, and (6) the 
extent of staining of white wool kept in contact 
with the dyeing during the milling test. 

Technical azo acid wool dyes so far include no 
direct dyeing green members and the blues are 
rather dull and suitable only for the heavy 
shades. 

Monoazo Acid Wool Dyes (A -H- E).— 
Table II gives typical examples of the several 
kinds of constitution found among technical 
monoazo acid wool dyes. In Tables III-VI more 
examples are given of each kind of constitution 
so as to illustrate the effects of different com¬ 
ponents, and some dyes have therefore been 
included that possess little technical importance. 
The technically more important dyes are Nos. 2, 
3, 6, 6, 7, 11. 13, 18 and 20 in Table III, Nos. 2. 
3, 4, 6, 7 and 10 in Table IV, Nos. 2, 3, 4, 7, 11 
and 12 in Table V, and Nos. 2-5 in Table VI. 

Monoazo Acid Wool Dyes : i. Amine Amine. 
—Acid Yellow G (Table II, No. 1) is a general 
purpose colour of very good light-fastness, 
but otherwise not possessing technically valuable 
properties. It is not fast to mineral acids. It 
is of interest on account of its relation to Griess’s 
early discovery. Aniline Yellow, aminoazo- 
benzene, from which it is manufactured by 
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Table II.—Examples Illtjstbatino the Range of Monoazo Acid Wool Dyes. 


No. 

Colour 
Index No. 

Trade name. 

Constitution. 

Dyeing proper! ien. 

1 

16 

Acid Yellow 
G 

Aminoazobenzenedisulphonic 

acid 

Moderately level dyeing. 
Moderately fast to wash¬ 
ing. Very good light-fast¬ 
ness. 

2 

143 

Orange IV 

Sulphanilic acid diphenyl¬ 
amine 

Level dyeing. Moderately 
fast to washing. Not 
fast to light. 

3 

161 

Orange II 

Sulphanilic acid -> )5-naphthol 

Level dyeing. Moderately 
fast to washing. Moder¬ 
ately fast to light. 

4 

176 

Cardinal Red 

Naphthionic —> j8-naj)hlhol 
acid 

Moderately level dyeing. 
Moderately fast to wash¬ 
ing. Moderately fast to 
light. 

5 

30 

Azogeranine 

2G 

Aniline -> acetyl-H-acid 

Very level dyeing. Only 

moderately fast to wash¬ 
ing. Very good light- 

fastness. 

6 

Fierz, 
p. 125 

Guinea Fast 
Red 

Monoacetyl-p-phenylenediam- 
ine sulphonic acid -> y-acid 
acid 

Very level dyeing. Only 
moderately fast to wash¬ 
ing. Excellent light-fast¬ 
ness. 

1 

7 

53 

Victoria Vio¬ 
let 4BS 

p -Pheny lenediami n e -> ch roin (> - 
tropic acid 

1 

Level dyeing. Moderately | 
fast to washing. Poor ^ 

light-fastness. 

1 

8 

208 

Sulphon Acid 
Blue R 

H-acid phenyl - peri - acid 
(1-phenyl-a-n aph t h ylam in e- 
8-sulphonic acid) 

Fast to wasldng and mill¬ 
ing. IJnlcvel. Highlight- ! 
fastness. 

i 

9 

640 

Tartrazine 

Sulphanilic acid -> 1-sulpho- 
phenyl-6-pyrazolone-3-car- 
boxylic acid 

1 

Level dyeing. Moderately 
fast to washing. Very j 

good light-fastness. i 

1 


sulphonation. The technical product is a 
mixture of the mono- and di-sulphonic acids 
(c/. Griesfl, Ber. 1876, 9, 630 ; Grassier, B.P. 
43, 1879). Acid Yellow R (C.I. No. 18) is the 
corresponding sulphonation product of amino- 
azotoluene and has a rather redder shade but 
similar fastness properties. 

Orange IV (Table ll. No. 2), sulphanibc acid-> 
diphenylamine, is one of several closely related 
dyestuffs, others of the group being Methyl 
Orange (C.I. No. 142), sulphanihc acid->di- 
methylaniline, and Metanil Yellow Y (C.I. 
No. 138), metanilic acid diphenylamine. They 
have only moderate light-fastness at best and are 
sensitive to acids, so much so in the case of 
Methyl Orange that it is a useful indicator but 
is of no technical value for dyeing purposes. 

Orange IV is the intermediate for Citronine R 
(C.I. No. 145) and Citronine Y (C.I. No. 146), 
which are obtained from it by nitration under less 
vigorous and more vigorous conditions respec¬ 
tively. Both the Citronines are complex mix¬ 
tures containing nitrodiphenylamines as weU as 
Bulphobenzeneazodiphenylamines. They are 


much superior to Orange IV in fastness to 
mineral acid, but have no outstandingly good 
properties on wool. They are, however, very 
useful dyes on leather and for printing both 
wool and silk. 

ii. AmineNaphthoh —The monoazo dyes 
obtained by the use of the naphthols and 
their sulphonic acids are exceedingly numer¬ 
ous. In Tables III and IV they are classified 
according to the nature of their diazo com¬ 
ponents as derivatives of benzene and of 
naphthalene respectively. For the most part 
they are general purpose dyes, fairly good in 
levelling properties, only moderate in washing- 
fastness, but generally inexpensive. The ben- 
zeneazonaphthols are typically orange to scarlet 
in shade and the naphthaleneazonaphthols 
typically scarlet to crimson. Exceptions arise 
when the diazo component carries a substituent 
with a strong bathochromic effect, such as a 
p-acetylamino, jp-amino or p-dialkylamino 
group (Table III, Nos. 14, 18, 19, 20), and 
when the dihydroxynaphthalene^sulphonio 
acid, chromotropio acid, is used as coupling com- 
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Table III.— ^Monoazo Acid Wool Dyes : Amine of Benzene Sbbies Naphthol. 


No. 

Colour 
Index No. 

Trade naine. 

Components. 

Properties. 



DIazo. 

Coupling. 


1 

150 

Orange I 

SulphaniUc acid 

a-Naphthol 

Sensitive to acids. 

2 

151 

Orange II 

Siilphanilic acid 

^-Naphthol 


3 

161 

Orange K 

o-Toluidine-5- 
Bulphonic acid 

jS-Naphthol 

Redder shade than 
No. 2. 

4 

25 

Cochineal Scar¬ 
let G 

Aniline 

a-Naphthol-5-sul - 
phonic acid 


5 

26 

Croceine Orange 

Aniline 

^-Naphthol-6-8ul - 
phonic acid 

(Schaffer acid) 


6 

27 

Orange 2G 

Aniline 

j3-Naphthol-6:8-di- 
sulphonic acid 
(G-acid) 

High light-fastness, 
level dyeing, low 
washing- and 
milling-fastness. 

7 

28 

Ponceau 2G 

Aniline 

j8-Naphthol-3:6-di- 
sulphonic acid 
(R-acid) 

Less fast to light 
than No. 6, less 
level dyeing, 

faster to wash¬ 
ing, redder 

shade. 

8 

()3 

Croceine Orange 
H 

Double Scarlet 
K 

ToJuidinc 

Schaffer acid 

Redder than No. 5. 

0 

74 

Mixed xylidine 

a-JMaphthol-4-8ul - 
phonic acid 

(N.W.-acid) 


10 

77 

Palatine Scar¬ 
let 

w-Xylidine 

a-Naphthol-3;C)-di- 
siilphonic acid 


11 

79 

Pone(!au 2H 

m-Xylidine 

R-acid 

High light-fast¬ 
ness, scarlet. 
Moderately level 
and fast to wash¬ 
ing. 

12 

114 

Azoeosine G 

o-Anisidine 

N.W.-acid 


13 

54 

Sorbine Red 

p-Aminoacet- 

anilide 

a-Naphthol-3:6-di- 
sulphonic acid 

Bluish-red. 

14 

55 

Azo Crimson 

L 

p-Aminoacet- 

anilidc 

R-acid 

Brownish-red. 

15 

39 

Orange III 

m-Nitroanilino 

R-acid 


1(5 

29 

Chromotrope 

2R 

Aniline 

1:8 - Dihydroxy - 
naphthalene -3:6- 
disulphonic acid 
(Chromotropic 
acid) 

Bluish-red, good 
light-fastness 
and moderately 
good level dye¬ 
ing and washing- 
fas tness. 

17 

45 

Chromotrope 

2B 

p-Nitroanilinc 

Chromotropic acid 

Violet, similar to 
No. 16 

18 

53 

Victoria Violet 
4B 

p-Phenylenedi- 

araine 

Chromotropic acid 

Violet, bluer than 
No. 17, low light¬ 
fastness, moder¬ 
ately good level 
dyeing and wash¬ 
ing-fastness. 

19 

56 

Chromotrope 

6B 

p-Arainoacet* 

anilide 

Chromotropic acid 

Red-violet. 

20 

Fierz, 
p. 124 

Azo Acid Blue 
2B 

p-Aminodi- 

methylaniline 

Chromotropic acid 

Reddish-blue. Low 
light-fastness 
and moderately 
good level dye¬ 
ing and washing¬ 
fastness. 
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ponent. In both tables jS-naphthol derivatives dyeing, but are useful for the production of 
predominate, and except for the examples from heavy blue shades of good fastness to milling 
a-naphthol itself, which are relatively im- and to light. 

important, those a-naphthol derivatives which None of the foregoing monoazo constitutions 
are employed couple in ortho position to the provides level pure bright yellow shades. For 
hydroxy group. As already noted, the p- these recourse must be had to the azo pyrazolone 
hydroxyazo compounds are sensitive to acid and dyes listed in Table VL Tartrazine (No. 2) has 
alkali. been known and manufactured as a wool dye- 

The aminonaphthols as coupling components stuff since its discovery by Ziegler in 1884, but 
provide monoazo dyes from red to violet in is now less important than Xylene Fast Yellow 
shade (Table V). H-acid (alkaline coupled) 2G (Sandoz), which combines a bright greenish- 
and y-acid (acid coupled) give rise to dyes yellow shade with excellent level dyeing and 
of great technical importance because of their light-fastness properties. It is a standard yellow 
level dyeing and other good properties. Azo- for use in compound shades. (For further 
geranine 2G (Table V, No. 2) is a standard red information on the azo p 3 n:azoIone dyes, see 
for use in compound shades, and possesses G. Cohn, “ Die Pyrazolfarbstoffe.”) 
excellent light-fastness. It has acetyl-H-acid Disazo Acid Wool Dyes. —^Tho disazo dyes 
as coupling component and its light-fastness is in A® provide very few technical acid 

striking contrast with the low light-fastness of wool dyes, but one individual, Naphthol Blue 
the corresponding H-acid dye (No. 1) and Black (Table VII, No. 1), is a standard level dyeing 
illustrates a relation between light-fastness and black of the first importance. It leaves cotton 
constitution which, though by no means unstained. The brown dyes included in Table VII 
invariable, frequently occurs in azo dyes. It are of no importance for wool dyeing, but are 
would be difficult to exaggerate the importance valuable for the dyeing of leather. On passing 
of acetyl-H-acid and y-acid as components of 

light-fast acid wool dyes. In combination to the constitution D<^ the dyes are almost 
with new diazo components they are constantly ^ £2 

occurring in new patent specifications. uniformly of the class fast to washing and 

Kiton Fast Red 4BL (Table V,No. 12) provides milling, the shade range varying from yellow to 
an example of the value of an external —X-aryl red. The examples in Table VIII (of which Nos. 3, 
group (where X is— O —,— SOg —,— O’SOg —, 4, 6, 9 and the Polar colours are the most 
etc.) as a means of increasing washing-fastness, important dyes) illustrate the most suitable 
A nuclear long chain alkyl substituent (Cg—C 20 ) components. Many other disazo dyes of the 
also is effective in improving fastness to washing benzidine class {see Tables XIII and XIVa-d) are 
and milling, and when applied to such dyestuffs employed for the dyeing of wool-cotton unions 
as Azogeranine (Table V, No. 2) and Fast Light and thus extend the shade range, but they are 
Yellow G (Table VI, No. 1) raises them to the fast- not well suited to the dyeing of wool because 
to-milling class (c/. B.P. 443825 (I.C.I.)). The they tend to produce very unlevel results, 
group of blue dyes of constitution H-acid -> The disazo dyes of constitution A M -> E 
alkyl- or aryl-a-naphthylamine are very unlevel again afford wool dyeings of a high degree 


Table IV.— Monoazo Acid Wool Dyes : Amine of Naphthalene Sebibs Naphthol. 


No 

Colour^ 

Trade name. 

Components. | 


Index No. 


Diazo. 

Coupling. 

1 

175 

Fast Brown N 

Naphthionic acid 

a-Naphthol. 

2 

176 

Fast Red A 

Naphthionic acid 

j3-Naphthol. 

3 

179 

Carmoisine W 

Naphthionic acid 

a-Naphthol-4-Bulphonic 
acid (N.W.-acid). 

4 

182 

Fast Red E 

Naphthionic acid 

^-Naphthol-6-8ulphonic 
acid (Schaffer acid). 

5 

183 

Croceine Scarlet 3BX 

Naphthionic acid 

j3-Naphthol-8-8ulphonic 
acid (Crocein acid). 

6 

184 

Amaranth 

Naphthionic acid 

j8-Naphthol - 3:6 - disul - 
phonic acid (R-acid). 

7 

185 

Brilliant Ponceau 4R 

Naphthionic acid 

)9-Naphthol - 6:8 - disul- 
phonic acid (G-acid). 

8 

177 

Brilliant Fast Red G 

1-Naphthylamine-6-sul- 
phonic acid (Laurent 
acid) 

/5-Naphthol. 

9 

193 

Double Brilliant Scarlet 
G 

2-Naphthylamine-6-sul- 
phonic acid (Brdnner 
acid) 

j8-Naphthol. 

10 

194 

Double Brilliant Scarlet 
S 

Brdnner acid 

a-Naphthol-4-sulphonic 
acid (N.W.-acid). 
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of fastness to washing and milling. They 
supplement the reds of constitution D<^ 


and provide, in addition, valuable dyes of blue, 
navy-blue and black shades (Table IX). As a 
class they possess good light-fastness. Thus 
Croceine Scarlet 3B (Table IX, Xo. 3) has light- 


fastness 6-7 on the 1-8 scale, whereas Acid 
Anthracene Red G (Table VIII, No. 9) only 
reaches grade 3. Croceine Scarlet 3B is more 
level dyeing but less fast to washing and milling 
than is Acid Anthracene Red G. The navy- 
blues and blacks (Table IX, Nos. 15-18), aU of 
which are technically important, possess high 
fastness to wasliing, milling and to light, but 


Table V.—Monoazo Acid Wool Byes : AmineNA riiTiiYLAMiNE or AMiNONAniTnoL. 


No. 

Colour 
Index No. 

Trade name. 

CoinponcntH. 

Properties. 



Diazo. 

Coupling. 

1 

30 

Fast Acid Fuch- 
sine B 

Aniline 

1-Amino-8 - naph - 
thol - 3:6 - disul - 
phonic acid (H- 
acid). 

Level bluish-red, 
low light-fast¬ 
ness. 

2 

31 

Azogcranine 2G 

Aniline 

1-Acetylamino -8- 
nax)hthol-3:6-di- 
sulx)honic acid 
(acetyl-H-acid) 

Very level red, 
yellower than 
No. 1, high light¬ 
lastness. 

3 

32 

Fast Sul})hou 
Viohd- 5BS 

Aniline 

Toluene sulphonyl- 
H-acid 

Violet, less loved 
than No. 2, but 
faster to wasli¬ 
ing. Low light- 
fastness. 

4 

57 

liisHamine Rod 
OB 

^-Aminoacet- 

anilide 

Acetyl-H-acid 

BJuish-red, less 

level than No. 2, 
less fast to light. 

5 

40 

Archil Red 

^-Nitroaniline 

Naphthionic a(‘id 

Archil-red shade. 

6 

207 

Lanaoyl Violet 

B 

H-acid 

Ethyl-a-naxihtliyl- 

amine 

Bluish-violet, mo¬ 
derately fast to 
milling. 

7 

208 

Sulphon Acid 
Blue R 

II-acid 

Phenyl- a-naphthyl - 
amine-8 - sulpho - 
nic acid (Phenyl- 
peri-acid) 

Unlevol blue shade 
but of very good 
fastness to light 
and milling. 

8 

209 

Sulphon Acid 
Blue B ; 

H - acid 

Tolyl-f)eri-acid 

Similar to No. 7, 
but of greener 
blue shade. 

0 

Eiorz, 
p. 125 

Fast Acid Vio¬ 
let R 

7 >-Nitroaniline-o- 
sulphonic acid 

i 

2-Amino-8 - naidi - 
thol-6-sulphonic 
acid (y-acid) 

(acid collided) 

Level dyeing red¬ 
dish violet of 
liigh light-fast¬ 
ness, low mill¬ 
ing-fastness and 
good w ashing- 
fastness. 

10 

»» 

Fast Acid Vio¬ 
let B 

p-Phenylcne-di- i 
amine -o - sul - 
phonic acid 

y - A c i d (acid 
coupled) 

Level dyeing vio¬ 
let, bluer than 
No. 9, high bight- 
fastness. 

11 

»» 

Guinea Fast 
Red 

Monoacetyl-p- 
phenylene di¬ 
amine-o-sul- 
phonic acid ^ 

y - A c i d (acid 
coupled) 

1 

Very level red of 
exceUent light- 
fast ness, but low 
miUing- and only 
moderate wash¬ 
ing-fastness. 

12 

»» 

Kiton Fast Red 
4BL 

Monoacetyl - p - 
phenylenedi- 
amine - o - p'- 
tolylsulphone 

y-Acid (acid 
coupled) 

Combines very 

good level 

dyeing proper¬ 
ties with good 
washing-fast¬ 
ness and high 
bght-fastness. 
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are difficult to dye level ; some decomposition 
may occur in the dyebath with these dyes unless 
care is taken (c/. Rowe and Dangcrfield, J. Soc, 
Dyers and Col. 1936, 52, 49). Naphthol Black 
B (No. 11) is of interest as one of the small 
group of dyes discovered by Weinberg (E.B. 


9214, 1885) which constituted the first satis¬ 
factory wool blacks. 

An interesting, though not very important, 
group of acid wool dyes is obtained by using as 
coupling components certain aromatic poly¬ 
hydroxy compounds obtained as natural pro- 


Table VT. —^Monoazo Acid Wool Dyes : Amine -> Pyrazolone. 


No. 

Colour 

Trade name. 

Conjponeiitfi. 

Properties, etc. 

Index No. 

Diuzo. 

Pyrazolone. 

1 

C36 

Fast Light 

Yellow G 

Aniline 

1 -p-Siilphophcnyl- 
3 - methyl - 5 - 
pyrazolone 

Level dyeing yel¬ 
low of good light¬ 
fastness and 

moderate wash¬ 
ing-fastness. 

2 

640 

Tartrazine 

Sulphanilic acid 

Lp-Sulphophenyl- 
5'pyrazolone-3- 
carboxylic acid 

Level dyeing yel¬ 
low of good light¬ 
fastness and 

fairly good wash¬ 
ing-fastness. 

3 

637 

Kiton Yellow 

S (8.C.I.) 

Aniline 


Simfiar to No. 2, 
but a little more 
level. 

4 

639 

Xylene Fast 
Yellow 2G(S.) 

Sulphanilic acid 

l-(2':5' - J)i(“hloro - 
H ulphophenyl) - 3 - 
methyl-5-pyrazo¬ 
lone 

Very level dyeing 
bright yellow of 
excellent hght- 
fastness, a little 
less fast to wash¬ 
ing than No. 2. , 

6 

642 

Polar Y'ellow 5G 
(Gy.) 

j) - Aminophenol 
(and after 

coupling esteri- 
fied with p- 
tolueno Bul- 
phon-chloride) 

1 -o-Chloro-p-sulpho 
phenyl-3-methyl- 
5-pyrazolone 

G r e e nish - yellow, 
level dyeing, fast 
to light and 
faster to wash¬ 
ing and milling 
than Nos. 1-4. 


Table VII. —Disazo Acid Wool Dyes : -► Z A^. 


d 


Trade name. 


Components. 


Properties, etc. 


o D 
O'O 
a 

hH 

Ah 

Z. 

Ah 

1 

246 

Naphthol Blue 
Black 

p-Nitroaniline 

(acid) 

1 - Amino-8-naph- 
thol-3:6-disul- 
phonic acid 
(H-acid) 

Aniline 

(alkaline) 

Standard general 
purpose black. 

2 

247 

Azo Dark Green 
A 

p-Phenylenedia- 

mine 

H-acid 

Aniline 

Prepared by 

sodium sulphide 
reduction of 

No. 1. 

3 

241 

Palatine Black 
A 

Sulphanilic acid 

l-Amino-8-naph- 
thol-4-sulpho- 
nio acid (S- 
acid) 

a-Naphthyl- 

amine 


4 

239 

Acid Brown G 

Sulphanilic acid 

a-Naphthol 

Sulphanilic 

acid 

Useful leather 

dyes, but of 

6 

232 

Acid Brown R 

Aniline 

w-Phenylene- 

diamine 

Naphthionic 

acid 

little value for 
wool dyeing. 

6 

234 

Resorcin Brown 

Sulphanilic acid 

Resorcinol 

Naphthionic 

acid 
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ducts, e.g. Patent Fustin ((!.!. No. 237) is 
aniline fustic extract. Other examples are 
obtainable from cutch, logwood, quercitron and 
fustic (Thomson and Claus, B.P. 14836, 1888, 
J. Soc. Dyers and Col. 1889, 5, 149 ; Everest, 
ibid. 1920, 36, 49 ; B.P. 421054 (T.C.I.) ; B.P. 
418381 (l.C.r.)). 

Wool itself is capable of behaving both as a 
diazotisable amine and as a coupling component 
and it therefore does not lend itself to dyeing 
with developing dyes. The power of coupling 
Mdth diazo compounds has been attributed to a 
tyrosine residue in the wool or hair (r/. Pauly 
and Binz, Z. Far ben Text. Chem. 1904, 373 ; 
J. Soc. Dyers and Col. 1904, 20, 279 ; also 
Hoiiben-Weyl, “ Die Methoden der organischen 
Chemie ” (2nd ed., 1924), vol. 4, p. 693). 

There is also a small group of basic azo 
dyes, now^ of little technical importance, wdiicdi 
in the form of their hydrochlorides are readily 
dyed on W'ool from an acid bath. These include 
arninoazobenzene (Aniline Yellow, the first azo 
dye to be manufactured, but now' no longer 
employed for the purpose), the Chrysoidiiies 
e.g. Chrysoidine Y (C.l. No. 20), aniline -> 
m-phenylenediainine, and the Bismarck Browns 
(C.l. Nos. 331 and 332). 


The majority of the acid wool dyes named 
above are now manufactured by numerous linns 
and sold under the makers’ characteristic class 
names with the original maker’s brand mark 
appended. The chief class names arc : “ Lias- 
amine ” (level dyeing), “ Naphthalene ” (general 
purpose) and “ Coomassic ” (fast to milling) 
(I.C.I.) ; “ Cloth Fast,” “ Kiton ” (S.C.I.) 

and (C.A.C.) ; “ Erio,” “ Polar ” (fast to 

milling) (Cy.) ; “ Acetyl,” “ Cyanine ” 

(L.B.H.) ; “ Pontacyl ” (Du Pont) ; “ Xylene,” 

Fast Sulphon ” (S.) ; ‘‘ Sulphon ” (By.) ; 

“ Lanacyl ” (Cass.) ; “ Palatine ” (Bad.) ; 

Supranol, “ 8u])raminc ” (fast to milling) (I.G.). 
Individual dyes can be traced through the 
Colour Index numbers. 

Mordant Azo Dyes. —8ome acid wool dyestuffs 
are susceptible to after-treatment on the fibre 
with chromium or coj)j)er compounds with 
formation of complex metal compounds. The 
dyeings are altered in shade (usually in the 
bathochromic direction) and aeejuire greatly 
enhanced fa.stness to washing, milling and to 
light. Many of these dyes can be applied 
directly to wool that has been mordanted with 
chromium eoni])ounds, and the whole group of 
rnetal-complex-forniing azo acid w'ool dyes are 


Tahi.e Vlfr. — Djsazo Acji) Woon Dvns : D/ 

Ue2 


No. 

Colour 

liulex 

Trade Maine. 


Coinponents, 



No. 


D. 

Eb 

Eb 

1 

344 

Milling 

Bed G 

4:4'-Diamino(li- 
phenyl sulphide 

)3-Naphthol-()-sul])ho- 
nie acid (Schaffer 
acid) 

)3-Naphthol-6-sul|)honic 
acid (Schaffer acid). 

2 

354 

Milling 

Bed B 

4:4^-Diarainodi- 
phenyl methane 

^-Naphth(>]-3:6-disul- 
phonie aei<l (B-acid) 

^-Naphthol-3:6-disul- 
phonic acid (B-acid). 

3 

357 

Brilliant 

Carmine 

L 

4:4'-Diarainodi-2;- 
X aG y 1 p h e nyl- 
methane 

R-acid 

B-acid. 

4 

365 

Chryso- 

phenine 

4:4'-Diaraino8til- 
benc-2:2'-disul- 
phonic acid 

Phenol (and ethylated) 

Phenol (and ethylated). 

5 

408 

Wool Bed 

G 

Benzidine 

2-Amino-8-iiaphthol-6- 
sulphonic acid (acid 
coupled) (y-acid) 

Phenol-o-sulphonic 

acid. 

6 

382 

Diamine 
Scarlet B 

Benzidine 

2 - Naphthol- 6:8-disul- 
phonic acid (G- 
acid) 

Phenol (and ethylated). 

7 

430 
Fierz, 
p. 191 

Polar B ed 
G 

Benzidine 

G-acid 

Phenol (and esteri- 
fied wdth p-toluene 
sulphon chloride). 

8 

431 

Anthracene 

Red 

2-Nitrobenzidino 

Salicylic acid 

a-Naphthol-4-8ulpho- 
nic acid (N.W.- 
acid). 

9 

443 

Acid An¬ 
thracene 
Red G 

Benzidine-2-2'-di- 
sulphonic acid 

/8-Naphthol 

)S-Naphthol. 

10 

Fierz, 
p. 191 

Polar 

Orange 

GS 

m-Tolidine 

G-acid 

Phenol (and esterified 
with jp-toluene sul* 
phon chloride). 

11 

Fierz, 
p. 192 

Polar Yel¬ 
low G 

9w-Tolidine 

l-(Chloro8ulphophenyl)- 
3-metliyl-6- pyrazol - 
one 

Phenol (and esterified 
with jO-toluene sul¬ 
phon chloride). 


Vol. IV.~-14 
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termed the “ Mordant Azo Dyes.” The mor¬ 
dant azo dyes are exceedingly valuable because 
of their fastness properties, but the after- 
chroming process has disadvantages in the 
accompanying change in shade, which makes 
matching difficult, and in requiring a two-stage 
operation. To a limited degree both dis¬ 
advantages have been overcome. In the meta- 
(dirome dyeing process the dye bath is made up 


of the dyestuff solution with the addition of 
ammonium sulphate and potassium dichromate. 
The dyeing starts with the bath alkaline, but 
potassium sulphate is formed by double decom¬ 
position, and as ammonia is gradually evolved the 
chromed shade is thus produced directly. By no 
moans all of the technical mordant azo dyes are 
applicable by the metachrome process, but the 
proportion is increasing and current patent 


Table IX.— Disazo Acid Wool Dves : A ->► M ->■ E. 


No. 

Colour 

Index 

No. 

Trade name. 


Components. 


A. 

M. 

E. 

P 

249 

Cloth Red G 

Aniline 

Aniline 

a-Naphthol-4-sulpho- 
nic acid (N.W.- 
acid). 

2 

250 

Croccine AZ 

Aniline 

Aniline 

a-NaphthoI-3 : 0-di- 
sulphonic acid. 

a 

252 

(T’oceiru* 
Scarlet 3B 

Aniline 

Aniline 

^-Naphthol-6 : 8-di- 
sulphonic acid (d- 
acid). 

4 

254 

Ponceau 5R 

Aniline 

Aniline 

j8-Naphthol-6 : 8-di- 
sulphonic acid. 

5 

255 

Azo Acid 
Violet 

Aniline 

Aniline 

1:8-Dihydroxynaph- 
thalene-4 - sulpho - 
nic acid (Gihy- 
droxy-S-acid). 

() 

202 

Cloth Red B 

o-Toluidine 

o-Toluidino 

^-Naphthol-3 : 0-di- 
sulphonic acid (R- 
acid). 

7 

275 

Cloth Scarlet 
G 

Cloth Scarlet 
5R 

(I 

Sulphanilic acid 

Aniline 

j8-Naphthol. 

8 

280 

Sulphanilic acid 

lisulphonation product 

Aniline-o-sulphonic 

acid 

of aminoazobenzene) 

j8-Naphthol, 

9 

273 

BenzoBrown 

D3G 

Sulphanilic acid 

Aniline 

m - Pheny lenediamin e. 

10 

270 

Coomassio 

Wool 

Black S 

p-Phenylenediamine 

a-Naphthylamine 

R-acid. 

11 

315 

Xaphthol 
Black B 

2 - Naphthylamine - 
6:8-di8ulphonic acid 

a-Naphthylamine 

R-acid. 

12 

271 

Sulphon 
Black R 

Aniline 

Cleve acid 

Dihydroxy-S-acid. 

13 

295 

Victoria 
Black B 

Sulphanilic acid 

a-Naphthylamine 

l)ihydroxy-S-acid. 

14 

308 

Naphthyl - 
amine 
Black D 

l-Naphthylamine-3:0- 
disulphonic acid 

a-Naphthylamino 

a-Naphthylamine. 

15 

288 

Sulphon 

Cyanine 

G 

Aniline 

Cleve acid 

Phenyl - a - naphthyl¬ 
amine - H-sulphonic 
acid (Phenyl-peri- 
acid). 

16 

289 

Sulphon 

Cyanine 

5R 

Metanilic acid 

a-Naphthylamine 

p-Tolyl-peri-acid. 

17 

307 

Sulphon 
Cyanine 
Black B 

1 -Naphthylamine-5- 
sulphonio acid 

(Laurent acid) 

a-Naphthylamine 

Phenyl-peri-acid. 

18 

304 

Nerol 2B 

p-Aminodiphenylam- 
ine - 0 - sulp h o n i c 
acid 

a-Naphthylamine 

Schaffer acid. 


^ Nos. 1-6 by dlazotlsiug aminoazobenzene and coupling with the appropriate end component. No. < 
similarly fl'om o-aininoazotolucne. 
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specifications testify to the attention being 
devoted to them by the dyestuff manufacturers. 
An even greater degree of simplification is 
afforded by the use of preformed metal com¬ 
plexes {see p. 214). 

In chemical constitution the mordant azo dyes 
consist of those members of the acid wool classes 
in which one of the following combinations of 
substituent groups is present : 

(1) An o-hydroxyazo configuration, 



OH 


(2) A di-o-hydroxyazo configuration, 



OH OH 


(3) An o-hydroxy-o-cari)oxy contiguratiou, 



COOH OH 


(4) All o-hydroxy-o*aniinoazo configuration. 



This class only becomes of groat technical 
importance when the coupling component (R) 
is a me/aphenylenediaminc derivative. 

(5) A salicylic acid residue, 



COOH 


(G) A peri-dihydroxy conliguraliou. 


OH OH 



Sidgwick (“ The Electronic Theory of 
Valency,** Oxford, 1927, p. 234) points out that 
both o-hydroxyazo compounds (1) and azo- 
salicylio acid dyes (II) have configurations 
permitting the formation of 6-membered rings 
each containing a conjugate double link (M = 
metal) : 



I. 



J- 5 

Ar N-Nr^' -oh 



II. 


The suggestion that the metal complexes of 
mordant dyes are co-ordination compounds 
utilising secondary valencies was first made by 
Werner (Ber. 1908, 41, 1062, 2383), and was 
applied to the azosalicylic and o-hydroxyazo 
dyes by Morgan (J.C.S. 1922, 121, 2866 ; 1924, 
125, 1731 ; J. Soc. Dyers and Col. 1921, 37, 43 ; 
1925, 41, 233) {v. Co-ordination Compounds). 

The simple complexes of the monohydroxyazo 
dyes (1) (as formed by the action of a chromic 
salt) have not the full fastness required of the 
technical dyes. Such monohydroxyazo dyes 
as arc employed technically (e.g. Carmoisine W 
(Table X, No. 13), naphthionic acid->N.W.- 
acid) require a chromic acid compound for 
development of the shade and fastness pro¬ 
perties and it is to be presumed, therefore, 
that a second o-hydroxy group is introduced 
(e/. Morgan, J.C.S. 1924, 125, 1731). 

Even in the case of o-o'-dihydroxyazo dyes the 
technically valuable shades may only bo 
obtainable when an oxidising agent, ix. a 
chromic acid compound, is employed for the 
chroming operation. This is the case with 
Diamond Black PV (o-aminophenol-p-sulphonic 
acid “> l:5-dihydroxynaphthalene), and in this 
example Morgan regards the complex on the fibre 
as a chromium lake of the azohydroxynaphtha- 
quinone {lx.). 

(For other studies of the structure of the 
mordant azo dyes, see, inter aliay Bamberger, 
Ber. 1900, 33, 1939 ; Charrier and Beretta, 
Gazzetta, 1926, 56, 865 ; Crippa, ibid. 1927, 57, 
20, 497, 593 ; 1928, 58, 716 ; Crippa and Bong, 
ibid. 1931, 61, 99 ; Cremonini, ibid. 1928, 58, 
372 ; Courtot and Hartman, Bull. Soc. chim. 
1933, [iv], 51. 1179 ; Elkins and Hunter, J.C.S. 
1935, 1598 ; Brass and Wittenberger, Ber. 
1935, 68, [B], 1905 ; Pfeiffer, Hesse, Pfitzner, 
Scholl and Thielert, J. pr. Chem. 1937, [ii], 
149, 217 ; Drew and Landquist, J.C.S. 

1938, 292; Drew and Fairbaim, J.C.S. 1939, 
823.) 

Like the acid wool dyes technical mordant 
azo dyes are almost all of monoazo or disazo 
constitution. In Table X are given the con¬ 
stitutions of representative monoazo dyes. 
Apart from some of the yellows none is of 
bright shade, and pure shades of red, blue and 
green are not included either in the monoazo 
or disazo series. There are, however, bright 
blues upon the market which are probably 
related to Nos. 11-14 in Table X and to dye¬ 
stuffs having halogen substituted o-amino- 
phenols as diazo components described in such 
patents as B.P. 25903, 1911 (G.P. 251842 
(Bad.), Fr. XI, 403) ; G.P. 291882 (Sandoz) 
(Fr. XIII, 504) ; B.P. 192438 (G.P. 364829, 



Table X. —Monoazo Mordant Azo Wool Dyes: A->E. 
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367362, 368968, 368959 (A.), Fr. XIV. 979-81) 
and B.P. 438131 (I.G.). 

AH the yellow and orange shades in both mono- 
azo series and disazo series (Table XI) depend 
upon the use of salicylic acid as coupling com¬ 
ponent and thus upon the orthohydroxy- 
carboxybc acid grouping for their chroming 
properties. A salicybc acid residue is intro¬ 
duced into disazo colours, A -> M -> E, by 
using p-aminosalicybc acid as diazo component 
and gives rise to a useful group of dark green and 
black shade dyes (Table XI, Nos. 11-13). 
The black shade mordant azo dyes are by far the 
most important technically. Choice of a black 
dyestuff depends upon the hue and fastness 
required, upon the type of material to be dyed— 
slabbing, yam or cloth—and upon the dyeing 
method it is desired to employ. The examples 
given in Tables X and XI are accordingly 
complementary rather than alternative. The 
best combination of fastness properties is 
provided by Diamond Black PV, which is 
excellently fast to light, washing, milling and 
potting (nevertheless B.P. 463192 (I.G.) claims 
even greater Light-fastness for the combination 
3:4:6-trichloro-2-aminophenol-5-8ulphonic acid 
-> l:5-(iihydroxynaphthalene). Eriochrome 
Black T is slightly inferior to Diamond Black 
PV in fastness to severe washing, milling and 
potting, and Eriochrome Black A again a little 
inferior in potting to Eriochrome Black T. | 
The two non-nitrated colours Eriochrome Blue- 
Black B and Palatine Chrome Black 6B (Table 
X, Nos. 15 and 16) are less fast to light than 
Eriochr»mo Black A and Eriochrome Black T 
and much bluer in hue. Acid Alizarine Black R 
has excellent light-fastness, but not very good 
potting- or severe washing-fastness ; it has the 
advantage of attractive hue by artificial light. 

The brown mordant azo dyes include a 
characteristic and important group in which a 
nitro-o-aminophenol is coupled with a w- 
diamine. They are among the comparatively 
small number of dyes which are applicable by the 
single bath or metachrome process (indicated 
by M in Tables X and XI) without loss of 
strength or fastness properties. Most of the 
monoazo dyes undergo a considerable change of 
shade on chroming, but the disazo colours 
generally rather less : the direct shades have 
been omitted in Table XI. 

The range of mordant azo dyes is supple¬ 
mented by a few dyes which are primarily acid 
wool or direct cotton dyes ; almost all have 
salicylic acid as a coupling component, e.gr. 
Diamine Fast Red F (Table XIVb, No. 7). 

The trend of the newer patents is towards 
fiUing the shade gaps and towards supplying a 
larger number of dyes applicable by the meta¬ 
chrome process. Dyes showing a very small 
shade change on chroming are obtained by 
separating the chelate grouping (consisting of a 
salicylic acid residue) from the chromophoric 
group by means of a sulphone or sulphide 
bridge (c/. B.P. 245865, 260058, 262243, 272024, 
297866 (B.D.C.), 266203 (Gy.)). 

Mordant azo dyes are manufactured under the 
following makers* class names, to which are 
appended in most cases the brand marks given 
by the original manufacturers : 


“Solochrome” (I.C.I.); “Chrome Fast” 
(S.C.I.) and (C.A.C.); “ Eriochrome ** (Gy.); 
“Monochrome” (I.G.) (L.B.H.); “Metachrome” 
(Br.); “ Omega Chrome ” (S.); “ Pontachrome ** 
(Du Pont); “ Diamond ” (By.); “ Acid Alizar¬ 
ine,” “ Fast Mordant ” (M.L.B.); ” Palatine 
Chrome ” (Bad.); “ Anthracene Acid ” (Cass.). 
Equivalents of individual dyes can bo found 
under the Colour Index numbers. 

Preformed Metal Complexes of Mordant Azo 
Dyes. —The preformed metal complexes of 
some mordant azo dyes possess sufficient 
solubility to be employed as acid wool dyes 
and afford dyeings which possess the same high 
light-fastness, though not the same high degree 
of severe washing- and milling-fastness, as the 
dyeings produced by one of the chroming 
methods. They are applied in a similar manner 
to ordinary acid wool dyes, although some 
modification in detail, such as the use of a greater 
proportion of acid in the bath, may be necessary. 
They are particularly suitable for the pro¬ 
duction of the lighter shades and the brighter 
hues. (For a detailed account of the applica¬ 
tions and properties of the prechromed dyes, see 
Forster, “ Neolan Colours,” J. Soc. Dyers and 
Col. 1934, 60, 282.) 

8o many patents have been published both for 
new combinations and for new ways of preparing 
metal complexes that for detail reference must 
be made to the original specifications. Of 
particular interest, however, are B.P. 26460, 
1912 (Bad.), and B.P. 1611, 1915 (S.C.I.), the 
earliest British specifications dealing with 
chromium compounds and copper compounds 
respectively of mordant azo wool dyes. 

Ranges of dyestuffs consisting of preformed 
metal complexes have been marketed by S.C.I. 
(Neolan containing clu’omium and Lanasol 
containing copper) and by I.G. (Palatine 
Fast). The following constitutions are given by 
Fierz, Erganzs., p. 47. 

Chromium Complex of — 

Neolan Blue B—l-amino-2-naphthol-4-Bul- 
phonic acid a-naphthol (c/. Table X, 
No. 15). 

Neolan Blue G—l-amino-2-naphthol-4-8ulpho- 
nic acid ->• j3-naphthol (c/. Table X, 
No. 16). 

Neolan Yellow GR—4-nitro-2-aminophenol-6- 
sulphonic acid -> acetoacetanilide. 

Neolan Red R—4-chloro-2-aminophenol-6- 
sulphonic acid l-phenyl-3-methy 1-6- 
pyrazolone. 

Azo Dyes for Silk.—There are few azo dyes 
manufactured specifically for dyeing silk. The 
choice of dyes from the basic, acid wool, mor¬ 
dant azo and direct cotton classes is discussed 
by Tomlinson (J. Soc. Dyers and Col. 1936, 52, 
373). Basic dyes on silk produce the maximum 
degree of brightness, but have only very low light- 
fas tness. Many silk dyes are drawn from the 
azo acid wool and direct cotton classes, and those 
which will dye from a neutral bath with the 
addition of Glauber’s salt are particularly use¬ 
ful : for dyeing tin-weighted silk, where it is 
always desired to avoid an acid bath, the neutral 
dyeing property is considered essential. Although 
no fixed rule can be laid down, the neutral dyeing 
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property tends to be found among the dyes of 
the milling wool class. The following are useful 
neutral dyeing silk dyes: Nerol 2B, Sulphon 
Cyanine Black B, Fast Ponceau B, Sulphon 
Black G (Table IX), Anthracene Yellow C (Table 
XI) and Chrysophenine G (p. 2 21), Diamine 
Violet N and Diamine Fast Red F (Tables XIVo 
and XIVb). Chrome mordant dyes are used 
where the highest fastness is required, and as in 
other fields where such dyes are employed, 
preformed metal complexes have been patented 
(c/., inter alia, B.P. 353411 (S.C.I.)). 

Azo Dyes for Leather. —Many of the acid 
wool and direct cotton colours are useful for 
dyeing leather, but they do not satisfy all 
requirements. The shade most frequently 
required is brown in various hues, only to be 
obtained from the wool and cotton ranges by the 
use of mixtures. Leather, however, is par¬ 
ticularly difficult to dye in level shades because of 
inequalities in its texture and variation in its 
affinity for dyes. Mixtures, therefore, tend 
to give very patchy dyeings, and much research 
has been devoted by dyestuff manufacturers to de¬ 
vising homogeneous brown dyestuffs for leather. 
The great majority of successful dyes, to judge 
from patent literature, and the dyes of known 
constitution depend upon the use of w-phenyl- 
cnediamine, resorcinol, a-naphthol, or poly- 
hydroxy aromatic compounds as coupling com¬ 
ponents : Bismarck Brown, w-phenylcne- 
dianiine (m-phenylenediamine )2 (C.I. No. 
331) ; Resorcin Brown, sulphanilio acid 
resorcinol m-xylidine (C.I. No. 234) ; and 
Fast Brown G, (sulphanilic acid )2 a-naphthol 
(C.I. No. 239), are long established examples. 
The following patents illustrate recent ten¬ 
dencies: B.P. 440150 (S.C.I.), B.P. 445378 
(S.C.I.), both concerning metal complexes, 
F.P. 798729 (I.G.) and B.P. 441398 (I.C.I.). I 
Black shades on leather are obtainable from' 
such direct cotton dyes as Direct Deep Black 
EW (Table XV, No. 1), 

< w-phenylenediamine. 

H-acid aniline. 

Modifications with improved properties are 
described by I.G. in which the m-phenylene- 
diamine is replaced by, e.g,, w-benzoylamino- 
dimethylaniline (B.P. 452300) or by a con¬ 
densation product of wi-phenylenediamine and a 
chloronitrobenzenesulphonic acid {i.e. a nitro- 
diphenylamine sulphonic acid) (B.P. 454261). 

Azo Dyes for Cotton. —The azo dyes 
employed technically for the dyeing of cotton 
can be classified according to the method of 
their application as: 

(1) Direct cotton dyes, i.e. water-soluble dyes 
which have a strong affinity for cotton and are 
absorbed directly from their neutral or faintly 
alkaline solutions. 

(2) Developing or Ingrain dyes, i.e. direct 
cotton dyes which after dyeing are rendered 
faster to washing by diazotisation and coupling. 

(3) Dyes without cotton affinity fixed on the 
fibre by means of a mordant. 

(4) Printing colours. 

* (6) Azoic dyes which are formed on the fibre. 


A sub-class of (2) consists of direct dyes the 
fastness properties of which are improved by 
coupling with diazo compounds, by treating with 
metal salts, especially copper salts, or by 
treatment with formaldehyde. 

Relative to (1) and (5) class (2) contains only 
few members and class (3) still fewer. For 
printing purposes a number of azo compounds 
are made specifically, but many are taken also 
from the mordant azo, direct cotton and azoic 
groups. 

(1) Direct Cotton Dyes. —Typical monoazo 
dyes, such as aniline acetyl-H-acid (Azo- 
geranine, Table V, No. 2), possess no affinity for 
cotton although they dye wool directly from an 
acid bath. But cotton affinity can bo intro¬ 
duced into azo dyes and built up to a degree 
that gives technical value by the employment of 
either or both of two kinds of constitutional 
factor which promote cotton aflinity. The one 
is concerned with the number and disposition 
of azo groups and the other with the use of com¬ 
ponents or substituent groups which have this 
specific property. Thus by the substitution of 
amino benzoyl- J - acid (2 -m - am ino benzoy lamino - 
5-naphthol-7-8ulphonic acid) for acetyl-H-acid 
(l-acetylamino-8-naphthol-3:6-disulphonic acid) 
in Azogeranine, the dyestuff Rosanthrene O re¬ 
sults (p. 225) which has definite affinity for cotton 
and although not sufficiently fast to washing for 
use as a direct cotton dye is a useful developing 
dye {see Developing Cotton Dyes). If, now, a 
second azo group m para position to the first 
is introduced into Rosanthrene 0 by using 
aminoazobenzenesulphonic acid in place of 
aniline, then a technical degree of cotton 
affinity results. Cf. Benzo Fast Red 8BL (p. 
222), sulphanilic acid -> aniline •-> benzoyl-J-acid, 
which only differs therefrom in the absence of 
the w-amino group. The second p-azo group 
without other contributory factors is insufficient 
to confer a technical degree of affinity, as is 
shown by the case of Cloth Scarlet G (C.I. No. 
276) (sulphanilic acid -> aniline -> j3-naphthol), 
which is of no value for cotton dyeing. 

The constitutional characteristics which are 
known to contribute quite generally towards 
direct cotton affinity in azo dyes are collected in 
Table XII. 

The amounts of the contributions from these 
groupings vary considerably. Thus the dyes 


benzidine<f have 


good cotton affinity 


whatever and may be, provided only 
that they have substituents to give water 
solubility, but the compounds l:4-diamino- 

naphthalene<f are only useful direct cotton 
^ E2 


dyes when E^ or E^ is one of the affinity con¬ 
tributing components. Again, while the ^es 
A -> M -> E become cotton dyes when E is 
J-acid, and sometimes y-acid or m-phenylene- 
diamine, the affinity of the J-acid colour in any 
series is by far the highest of the three, so that 
in this respect J-acid stand.s out as the most 
conspicuous intermediate of all. The other 
aminonaphtholsulphonic acids ,c.g. H-acid and 
S-acid, appear to contribute to affinity in 
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Table XII.— Summary of Groups and Components which Contribute Markedly to Direct 

Cotton Affinity. 


No. 

Group or component. 

Typical method of introduction. 

Examples. 

1 

Additional azo groups, especially 

By using aniline or a-naphthyl- 

p. 223. 


in para position 

amine as middle comi)onent or 
benzidine or certain other 4:4'- 

Tables XIII and 



diaminodiphenyl derivatives as 

XIV. 



tetrazo components 

p. 221. 

2 

Benzthiazolc group 

By using Priinuline or dehydro- 

below. 



thio-p-toluidine as diazo com- 




ponent 



CHj 1 

\/\ s/ 



3 

('arbox ylic amide group and urea 

As a benzoylamino group substitu¬ 

p. 222; also Azoic 


residues 

—CO—NH— 

ent in coupling component or 
diazo component 

By using 4:4'-diaminodiphenyl- 

Dyes, p. 227. 


—NHCONH— 

p. 221. 


—NHCSNH— 

urca as a tetrazo component or 
carbonyl-J-aeid as a coupling 

p. 223. 



component- 


4 

J -acid 

By using J-acid as final coupling 

p. 222. 



component in dis- or trisazo dyes 
or as middle component 



Rome combination.s, but uot to a degree eoru- 
parablc with J-acicl. 

The quaternary ammonium grouping appears 
to assist affinity, but is not strictly comparable 
with the others since th(^ very few dye‘H incor¬ 
porating it (the Janus colours) are applied to 
cotton from a faintly acid bath. They are now 
little used, although some recent patents have 
suggested a revival of interest (B.P. 435249, 
439135, Deutsche Hydricrwerko A.-G.). 

The more important technical direct cotton 
dyes can conveniently be classified under the 
following headings : 

A. Monoazo dyes. 

B. Disazo, trisazo and more complex azo 
dyes based upon benzidine and its 3’3'-8ubsti- 
tuted derivatives. 

C. Analogues of the benzidine dyes employing 
bridged diamines of general formula, 



D. The dyes characterised by the use of J-acid 

or an N-substituted derivative as a component, 
viz. disazo dyes, A-v MJ-acid, trisazo 
dyes, A -> M2 -> J-acid, and disazo dyes, 

Ai A®, in which Z is carbonyl-J-acid 

(6:6'-dihydroxy-2:2'-dinaphthylurea-7:7'-d i s u 1 - 
phonic acid) or di-J-acid (5:5'-dihydroxy-2:2'- 
dinaphthylamino-7:7'-disulphonic acid). 

E. Dyes characterised by the use of other 
aminonaphtholsulphonic acids. 

F. Dyes containing co-ordinated metal. 

Monoazo Direct Cotton Dyes .—The technical 

dyes of published constitution are confined to 


the Janus colours already mentioned and to a 
group obtained by using as diazo component 
Primuhne sulphonic acid or dehydrothio-p- 
toluidinc sulphonic acid. The first members of 
the latter were the cbscovery of Green, who 
showed that they could be produced upon the 
fibre (see Developing Cotton Dyes). The 
shade range is yellow f o red and brown obtained 
typically as follows : 


Trade name. 

Coupling component. 

Colour 

Index 

No. 

Cotton Yellow 

Salicylic acid 

223 

R(B) 

Cotton Orange 

m - Phen ylenediamine 

222 

0(B) 

disulphonic acid 


Rosophenine 

N.W.-acid (a-naph- 

225 

lOB (C.A.C.) 

thol-4-8ulphonic 


Benzo Brown 5R 

acid) 

???-Phenyleiicdi- ! 

220 

(By.) 

amine 



Direct Cotton Dyes of the “ Benzidine ” 
Series .—In this category are included all the 
disazo and polyazo dyes obtainable by using the 
tetrazo compounds of 4:4'-diaminodiphenyl 
and its 3:3'-substituted derivatives—essentially 
that is of benzidine, o-tolidine and o-dianisidine. 
In this article “ benzidine thus signifies this 
group of diamines. When there are sub¬ 
stituents present in the 2- or 2:2'-positions the 
affinity for cotton of derived azo dyes is so much 
reduc^ as to render them of no technical value 
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aa direct cotton dyes. The “ benzidine ” disazo 
series provides a complete range of shades with 
the exception of greenish-yellow and full black. 
They possess generally only a low order of 
fastness to light (1-2 on the 1-8 scale) and only a 
fairly good fastness to washing, but they are for 
the most part inexpensive and therefore suitable 
for the great \^aricty of purposes which demand 


only a moderate order of fastness. They must 
represent a major proportion of the total azo dye 
production. The shade range obtainable from 
disazo benzidine dyes and the shade-forming 
properties of some more frequently used 
coupling components are indicated by the 
symmetrical combinations with benzidine given 
in Table XIII. 


Table XIU. —Shades of SvMMBTfiTCAL Dyes: Benzidine ij Eg. 


No. 

Coupling component (E). 

Shade on cotton. 

Trade name. 

Colour 

Index 

No. 

1 

Salicylic acid 

Yellow 

Chrysamine 

410 

2 

Naphthionic acid 

Red 

VX 

Congo Red 

370 

3 

2-Naphthylamine-6-8ulphonic acid (Bronner 
acid) 

Bluish-red 

— 

— 

4 

l-Naphthol-4-sulphonic acid (N.W.-acid) 

Violet 

— 

— 

5 

6 

2-Naphthol-8-sulphonic acid (Crocein acid) 

2-Amino-8-naphthol-6-sulphonic acid (y-acid)— 

Bordeaux 

Bordeaux 

extra 

385 


acid coupled 

Violet 

Diamine 

Violet N 

394 


alkaline ( oupled 

Grey-violet 

Diamine 

Black RO 

395 

7 

l-Amino-8-naphthol-3:6-disulphoiiic acid (H- 
acid)—alkaline coupled 

Blue 

Diamine 

Blue 2B 

406 

8 

l:8-Dihydroxynaphthalene-3:6-disulphonic 
acid (Chromotropic acid) 

Blue, redder 
than 7 

Dianil Blue 

R 

390 

9 

l-Amino-8-naphthol-24-disulphonic acid (2-S- 
acid or Chicago acid)—alkaline coupled 

Blue, greener 
than 7 




Intermediate shades and variations in dyeing 
and fastness properties result from the mixed 
dyes E^^D->E2. On replacing benzidine 
by o-tolidine and then again by o-dianisidine a 
marked bathochromic effect is produced which 
is w'cll illustrated by the aeries Congo Red, 
Renzo Purpurine 4B (from o-tolidine—C.I. 
No. 448) and Benzo Purpurine lOB (from 
o-dianisidine—C.I. No. 496). In addition 
Benzo Purpurine 4B and lOB are a little faster 
to hght than Congo Red. 

It is not necessary here to enumerate all the 
disazo combinations of the “ benzidine ” series 
known to have been manufactured, nor to give 
details of individual dyeing properties and 
patent references. For such a list the Colour 
Index should be consulted together with such text 
books as those of J. F. Thorpe and R. P. Linstead, 
“ The Synthetic Dyestuffs,” J^ondon, 1933, 
and H. E. Fierz-David, “ Ktinsthche organischc 
Farbstoffe,” Berlin, 1926. In Tables XIVa-d 
a selection of constitutions is given in order 
to illustrate the shade effects of various com¬ 
ponents and their selection for technical pur¬ 
poses. Unless special comment is made the 
dyes tabulated have low hght-fastness (1-2 on 
the 1-8 scale) and moderate washing-fastness 
and are generally suitable for dyeing cotton 
when there is no necessity for specially high 
fastness properties. 

It will be seen that the disazo “benzidine” 
series is strong in the blue shades, not so strong 
in the red shades and weak in yellow, black and 
the deepest brown shades. There are no green 


shades. The lack of yellow shades is made up 
by using in place of benzidine such other 
diamines as diaminodiphenylurea and diamino- 
stilbenc (see p. 221). The green, black and deep 
brown shades can be obtained from trisazo and 
tetrakisazo “ benzidine ” dyes. The typical 
examples in Table XV will serve to illustrate 
the extension of shade range that thus becomes 
possible. 

The other “ benzidine ” dyes of the trisazo 
series and the dyes of the tetrakisazo series are 
for the most part deep shades of blue, ohve, 
browm and black, e.g .: 

Diazo Blue-Black R8 (By.), C.I. No. 552. 

(Alk.)H.acid 

Benzidine<^ (Aik.) 

^ a-naphthylamine- y H-acid 

Diamine Bronze 0 (Cass.), C.I. No. 559. 
salicylic acid 

Benzidine<^ 

{Ai^)H-acid m-phenylenediamine 

Cotton Dark Brown T (Cass.), C.I. No. 660. 
salicylic acid 

SonzidiuoN^ 

(Aik) m-phenylenediamine 

Trisulphon Brovm 0 (S.), C.I. No. 570. 

< salicylic acid 

(Aik.) 

m-tolylenediamine -f- 2R-acid < - 

naphthionic acid 
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Table XIVa.— Djsazo “ Benzidine ** Dyes D ^ ; Yellow and Oeange Shades. 


Colour 

Index 

Trade name. 

Components. 

Notes. 





No. 


D. 

El. 

E2. 



410 

Chrysamine G 

Benzidine 

Salicylic acid 

Salicylic acid 




(By.) 





High light-fast- 

411 

Cresotine 

Benzidine 

o-Crc8otinic acid 

o-Cresotinic acid 


ness. Can be 


Yellow a 





used for calico 


(By-) 





printing. 

480 

(JhryHaminc R 

Tolidine 

Salicylic acid 

Salicylic acid 



(>r)3 

Pyrazol Orange 

Benzidine 

Salicylic acid 

l-/)-Sulpho- 


Can bo used for 


G(S.) 



phenyl-5-pyr- 

azolone-3-car- 


calico printing. 





boxylic acid. 



415 

Benzo Orange 

Benzidine 

Salicylic; acid 

Naphthionic 




R (By.) 



acid 



374 

Orange TA 

Benzidine 

Naphth ionic 

Cresol 





acid 


1 


446 

478 

Toluylene 
Orange R 

Toluylene 

Tolidine 

Tolidine 

w-Tolylenedi- 
aminesul- 
phonic acid 
Salicylic acid 

m-Tolylenedi- 
aminesul- 
phonic acid 
m-Tolylenedi- 


Can be developed 
by treating the 
dyeings with 
diazotiscd 


Orange G 

i 


1 

aminesul- 
phonic acid 


p-nitroaniline. 


Table XIVb. —JJisazo “ Benzidine ” Dyeh 



Scarlet to Bordeaux ShadEwS. 


Colour 

Index 

Trade name. 


Components. 







No. 


D, 

El. 

£2. 


370 

448 

Congo Red 

Benzo Purpur- 
ine 4B 

Benzidine 

Tolidine 

Naphthionic 

acid 

Naphthionic 

acid 

Naphthionic 

acid 

Napthionic 

acid 

► 

Very sensitive 
to mineral 
acid. Congo 
Red i8 turned 
deep blue 
and is a valu¬ 
able indicator. 

495 

Benzo Purpur- 
ine lOB 

Dianisidine 

Naphthionic 

acid 

Naphthionic 
acid j 


376 

Congo Rubine 

Benzidine 

Naphthionic 

Crocein acid 




acid 



385 

Bordeaux extra 

Benzidine 

Crocein acid 

Crocein acid 


451 

Delta Purpurine 

Tolidine 

2-Naphthylam- 

2-Naphthylam- 



5B 


ine-6-8ulphon- 

ine-6-8ulphon- 





ic acid (Bron- 

ic acid (Bron- 





ncr acid) 

ner acid) 


419 

Diamine Fast i 

Benzidine 

Salicylic acid 

y-Acid (acid 

High light-fast¬ 


Red F 


coupled) 

ness. 

382 

Diamine Scar¬ 

Benzidine 

2-Naphthol-6:8- 

Phenol (and 

Poor washing¬ 


let B 


disulphonic 

ethylated) 

fastness on 




acid (G-acid) 


cotton. Good 
milling-fast¬ 
ness on wool. 
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Table XIVo. —Disazo “ Benzidine ” Dyes D 


El 

» 

E, 


Violdt-Blub Shades. 


Colour 

Index 

No. 

Trade name. 


Components. 


Notes. 

D. 

EC 

EC 

375 

Congo Corinth 
GW 

Ikmzicline 

Naphthionic 

a(‘id 

N.W.-acid (l- 
naphthol-4- 
sulphonic 
acid) 


388 

Chlorazol V’iolct 
R 

Benzidine 

N.W.-acid 

l-Naphthol-3 ;6- 
disulphonic 
acid 


387 

Triaiilphon 
Violet B (S.) 

Benzidine 

1 -Naphthol-3:6:8- 
trisulphonic 
acad 

j8-Naphthol 


394 

Diamino Violet 
N 

Benzidine 

y - A cid (acid 
coupled) 

y - A c i d (a c i d 
coupled) 


463 

Azo Blue 

Tolidinc 

N.W.-aeid 

N.W.-aeid 

First blue azo 
dye placed 
upon market. 
Very red shade 
of blue. 

390 

Dianil Blue R 

Benzidine 

Chromotroj)io 

acid 

C!hromotropic 

acid 

Red dish-blue 
shade. 

466 

Dianil Blue B 

Tolidine 

Chromotropie 

acid 

Chromotropic 

acid 

Greener shade 
than C.I. No. 
390. 

508 

Dianil Blue G 

Dianisidine 

Chromotrof)ie 

acid 

Chromotropie 

acid 

Greenish - blue 
shade, greener 
than C.I. No. 
466. 

406 

Diamine Blue 
2B 

IkuizidiiK* 

ir-aeid (alkaline 
coupled) 

IT-aeid (alkaline 
e(>nj)led) 

Greener shade 
than C.I. No. 
390. 

472 

Diamine Blue 
BX 

Tolidine 

H acid (alkaline 
coupled) 

N.W.-aeid 

Redder shade 
than C.I. No. 
477. 

477 

Diamine Blue 
3B 

Tolidine 

H-acid (alkaline 
coupled) 

11-acid (alkahne 
coupled) 

Greener shade 
than C.I. No. 
406. 

502 

Benzazurinc G 
(By.) 

Dianisidine 

N.W.-acid 

N.W.-aeid 

Reddish-indigo 
blue shade. 

512 

Chlorazol Blue 
RW 

Dianisidine 

l-Amino-8- 
naphthol-2:4- 
disulphonic 
acid (2-S-acid) 

^ )3-Naphthol 

Light-fastness 
greatly en¬ 
hanced by 
after-treat¬ 
ment with 
copper sul¬ 
phate. 

5] 6 

Chieago Blue 

B (By.) 

Dianisidine 

l-Amino-8-naph- 
thol-4-sulpho- 
nic acid (S- 
acid) (alkaline 
coupled) 

S-acid (alkaline 
coupled) 

Do. 

520 

Diamine Sky 
Blue A 

Dianisidine 

H-acid (alkaline 
coupled) 

H-aeid (alkaline 
coupled) 


518 

Diamine Sky 
Blue FF 

Dianisidine 

2-S-acid 

2-S-acid 

Light-fastness 
greatly en¬ 
hanced by 
after-treat¬ 
ment with 
copper sul¬ 
phate. 
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Table XI Vd.—Disazo “ Benzidine ” Dyes D C : Brown and Black Shades. 


I Colour 



Components. 



No. 


D. 

El. 

E*. 


396 

Diamine Brown 
V 

Benzidine 

y-Acid (alkaline 
coupled) 

r«-Phenylencdi- 

amine 

Violet brown 
shade; can also 
bo developed 
by diazotisa- 
tion and coup¬ 
ling or with 
diazotised jj- 
nitroaniline. 

420 

Diamine Brown 
M 

Benzidine 

y-Acid (alkaline 
coupled) 

Salicylic aci<l 

Deep brown, i 
Light-fastm'SH 
increased by 
after - copi>er- 
ing. Can be 
developed by 
(liazotisati o n 
and coupling. 

422 

Diphenyl Brown 
BN (Gy,) 

Benzidine 

N - Dimethyl - y- 
acid (alkaline 
coupled) 

Salicylic acid 

J>o. 

423 

Diamine BroAvn 
B 

Benzidine 

N - Phenyl * y - 
acid (alkaline 
coupled) 

Salicylic acid 

Dark brown 

479 

Diphenyl Brown 
3CJN (Gy.) 

Tolidine 

N - Dimethyl-y- 
acid (alkaline 
coupled) 

Salicylic acid 

Dark yellow- 
brown. 

These are not 
strictly direct 
blacks. No. 
395 is violet- 
grey and No. 
401 is grey- 

395 

Diamine Black 
KO 

Benzidine 

y-Acid (alkaline 
coupled) 

y-Acid (alkaline 
coupled) ^ 

blue. They 
are usually 
diazotised and 

401 

Diamine Black 
BH 

Benzidine 

y-Acid (alkaline 
coupled) 

H-acid(a]kaline 

coupled) 

developed with 
^-naphthol for 
navy-blue or 
with'm-phenyl- 
eno diamine 
for black 
shades. 


Table XV.— Shades of Typical Trisazo Benzidine Dyes. 


No. 

Trisazo dyes of general formula (D = 

^Benzidine) 

Shade. 

Trade name. 

Colom 

Index 

No. 


E. 

z. 

A. 




1 

m-Phenylenedi- 

(Aik.) 
H-aeid-<- 

Aniline 

Black 

Direct Deep Black 

581 

2 

amine 

Phenol 

(Aik.) 
H-acid ^ - 

Aniline 

Blackish- 

EW 

Chlorazol Dark 

583 

3 

Phenol 

(Acid) 
H-acid < - 

^-Nitro- 

green 

Green 

Green PL 

Diamine Green B 

593 

4 

Salicjdic acid i 

(Add) 
H-acid - 

aniline 

j9-Nitro- 

Green 

Diamine Green G 

594 

5 

Salicylic acid 

7w-Phenylene- 

aniline 

Sulphanilic 

(yellower 
than 3) 
Brown 

Dianil Brown 3GN 

596 



diamine 

1 acid 
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Visazo Dyes from Bridged Diamines of General 
Formula : 



The diamines of the benzidine series lose their 
property of conferring strong cotton affinity 
when they are substituted in 2:2'-po8ition, 
although the property is regained when there is a 
2;2'-ring as in benzidine sulphone or diamino- 
carbazolo. The bridged diamines are not 
influenced in this respect by substitution 
in 2:2'-position, but are very much influenced 
by the nature of the bridge — X— . Thus when 
—X — is —CHa— or — S — the derived disazo 
dyes lack sufficient cotton affinity to have any 
value as direct (!otton dyes although they arc 
useful for dyeing wool, but when — X — is 
—CH = CH— —NHCONH— or —NH— 
the diamines afford direct cotton dyes some of 
which are technically important. These di¬ 
amines do not lend themselves to the production 
of the long ranges of dyestuffs characteristic of 
the “ benzidines,” but rather serve to provide, 
colours to supplement the benzidine scries in 
shades in which that series is weak. 

The stilbene dyes form two small groups 
obtained (1) by tetrazotising 4:4'-diamino8til- 
bene-2:2'-disulphonic acid and coupling to two 
molecules of a coupling component, and (2) by 
condensations of 4:4'-dinitrostilbenediaulphonic 
acid (or its generators) with aromatic amines, 
including aminoazo cotni)ounds. 

Group (1) comprises some ten colours dis¬ 
covered by Bender in 1886 (B.P. 4387, 1886 ; 
G.P. 38735, Fr. J, 510) (C.T. Nos. 358-366), and 
varying in shade from yellow to purple and 
violet. The only members to retain technical 
importance have been Brilliant Yellow (Paper 
Yellow 3G, C.l. No. 364) 

^ phenol 

4;4'-diaiuino8tilbone-2:2'*di8u]phonic acid<f 

^ plienol 

and Chrysophenine (C.T. No. 365), which is the 
product of ethylating the two phenolic groups 
in Brilliant Yellow. Brilliant Yellow is very 
sensitive to alkalis, turning bright red, and is a 
well-known indicator. It is, nevertheless, em¬ 
ployed for the colouring of paper, as it has the 
merits of cheapness and very good light-fastness. 
The ethylation removes the sensitivity to alkalis 
and chrysophenine is a valuable bright yellow 
direct cotton dye of high light-fastness. Inci¬ 
dentally, it is also a useful dyestuff for both wool 
and silk. 

Group (2) of the stilbene dyes comprises some 
sixteen colours in the Colour Index (Nos. 620- 
635), chiefly the discoveries of Bender, Ris, 
and Green and Wahl. The shades are limited to 
yeUow, orange and brown, but most members 
have a high degree of light-fastness (5-6 on 
the 1-8 scale), washing-fastness and fastness to 
acids, alkalis and chlorine. In addition, 
they are relatively inexpensive dyes. Owing 
to the nature of the methods of formation 
and to the difficulties of exact control of the 
reactions, few are homogeneous dyes. The 
following examples illustrate the important 
yellow dyes of the series, the constitutions as 
given being only approximate : 


Naphthamine Yellow G (C.l. No. 620).—By 
heating p-nitrotoluene-o-sulphonic acid with 
sodium hydroxide; 



Mikado Orange ((M. No. 621).— Preparation as 
for Naphthamine Yellow G, but in presence of 
a mild reducing agent, e..g. glucose ; 



)N -N 


SOgNa 



SOgNa 


Mikado Yellow (C.T. No. 622).—By reaction 
between dinitrostilbonedisulphonic acid, sodium 
hydroxide and glucose : 


NaOgS 

Ch/ 

- /- 

CH<' 

NaOgV 


SOgNa 
>CH 


>NO.. OoN( 


/ 


)CH 
“SOgNa 


For the dyes obtaiiu'd by condensation of 
dinitrostilbenedisulphonic acid with aminoazo 
compounds, consult Fierz, p. 68 ; also Cassella, 
B.P. 19807, 1907 ; G.P. 204212, Fr. IX, 381. 

Dyestuffs Derived frorti Diaminodiphenylurea. 
—The group of dyestuff’s which are hero for 
convenience considered as derived from 4:4'- 
diaminodiphenylurea are not usually manu¬ 
factured directly from this diamine, which is 
sparingly soluble, but by the more convenient 
method of phosgenating the corresponding 
aminoazo compound. Thus the typical member 
of the series. Cotton Yellow'^ G (C.l. No. 346), is 
obtained by reducing the dyestuff p-nitroaniline 
-> salicylic acid to the aminoazo dyestuff wdth 
sodium sulphide and then phosgenating in 
aqueous solution (Muller, Badische, B.P. 
15258, 1888 ; G.P. 46737, Fr. II, 450). The 
resulting dye has the constitution : 
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In similar fashion the following are derived 
in each case from an aminoazo compound which 
has no affinity for cotton. 

Benzo Fast Yellow 4GL (C.I. No. 349) from 

m-aminobenzoic acid-►anisidino (By., G.P. 

216666, Fr. IX, 372). 

Benzo Fast Pink 2BL (C.I, No. 353) from p- 

(acid) 

phonylenediamiiie-o-sulphonic acid-> y-acid 

(By., B.P. 11766, 1901 ; G.P. 129388, 131513, 
Fr. VI, 967). 

A yellower product arises from the use of 
methylamino-F-acid (2-mothylaminonaphthal- 
eno-7-8ulphonic acid) in place of y-acid. 

These azodiphenylurea dyes possess in general 
fairly high light-fastness (5 on the 1-8 scale) 
combined with good to very good washing-fast¬ 
ness. This is especially true of the yellows, of 
which Cotton YeUow G has a particularly 
valuable greenish shade. 

(For the dyestuffs derived from carbonyl-J- 
acid, see the paragraph below. Dyes having 
J-acid as a Coupling Component.) 

Little change in shade occurs on phosgenation 
of an aminoazo compound, and when two 
different aminoazo compounds are phosgenated 
the final shade is approximately that of the 
mixture of those of the two parent dyes. This 
fact has been applied by the A.G.F.A. firm to the 
synthesis of green direct cotton dyes of high 
light-fastness by the phosgenation of an equi- 
molecular mixture of a trisazo blue dyestuff, such 
as amline-2:5-di8ulphonic acid ->■ Cleve acid -> 
a-naphthylamine -> J-acid, and a monoazo 
yellow such as m-aminobenzoic acid o-anisi- 
dine (c/. G.P. 419585 Fr. XV, 525). How¬ 
ever, in practice it is difficult to obtain a 
homogeneous product from phosgenation of 
dissimilar molecules A and B ; the product 
tends to be a mixture of A'CO'A, B'CO'B 
and A*CO*B. An exceedingly neat way of 
avoiding this difficulty, which consists in using 
cyanuric chloride in place of phosgene, is 
claimed by S.C.I. (B.P. 209723; G.P. 436179, 
Fr. XV, 631). In cyanuric chloride the chlorine 
atoms react (in aqueous solution) successively 
and thus enable the linking of many different 
forms of dyestuff, including those derived 
from H-acid as a coupling component. The 
urea from H-acid is not obtainable. The 
method has been particularly valuable for the 
building up of fast-to-light direct cotton greens, 
such as Chlorantine Fast Green BL, which 
probably corresponds to the condensation 
product of cyanuric chloride with a blue azo 
dye, a yellow azo dye and aniline. These 
dyestuffs have the general formula 

XHN~~C C—NHY 

L i, 

rliHz 

in which X*N H — is the residue of a blue disazo 
or triBazo dyestuff, — NH-Y is the residue of a 
yellow monoazo dyestuff and Z is hydrogen or 
an aryl group. By using aminoazo compounds 


of other shades a variety of final shades can be 
built up (Engi, J.S.C.I. 1931, 60, 266T; B.P. 
209723 ; Fierz, Erganzs., p. 46 ; Fierz and 
Matter, J. Soc. Dyers and Col. 1937, 68, 424). 

Dyes Derived from A’A'-Diaminodiphenyl- 
amine. —4:4'-Diaminodiphenylamine gives rise 
to a small group of black direct cotton dyes of 
the general form m-diamine D y-acid -v 
m-diamine which are useful on account of their 
full shade and generally good light-fastness. 
The group comprises the Plutoform Blacks 
(By.) and Formal Fast Blacks (Gy.) {cf. C.I. 
Nos. 644 and 545 ; Fierz, p. 168) and provides 
the only really important azo dyes from diamino- 
diphenylamine. They are recommended for 
after-treatment with formaldehyde for the 
production of deep shades fast to washing. 

4-4'-Diaminoditolylamine is employed to give 
a disazo black fast to acids and alkalis : 

Diphenyl Fast Black (Gy.), C.I. No. 345, 
y-acidD ->m-phenylenediamine (B.P. 16582, 
1896 ; GP. 114634, Fr. VI, 1027). 

Dyes having J-acid as a Coupling Component. 
—It has already been stated that J-acid is 
outstanding in the degree of affinity for cotton 
that it imparts to azo dyes of which it is a 
component. Apart from its use in a few benzi¬ 
dine dyes not of special importance, J-acid is 
employed typicaUy in the following ways : 

(1) As a final coupling component (usually 
as an N-substituted derivative) in disazo dyes 
of formula A M J-acid (or derivative). 

(2) As a final coupling component in trisazo 
dyes of formula A-> J-acid (or 
derivative). 

(3) As carbonyl-J-acid or “ di-J-acid ” as 
twice coupled component (Z) in disazo dyes of 
formula A^ Z A*. 

The disazo dyes having J-acid or a derivative 
as final coupling component are of medium 
light-fastness (4-5 on the 1-8 scale) and only 
moderate washing-fastness, but they are level 
dyeing and bright in shade. The following are 
important members of this group and indicate 
the shade range : 

Benzo Fast Red 8BL (By.), C.I. No. 278, 
sulphanilic acid ->► aniline -> N-benzoyl-J-acid. 

Brilliant Benzo Violet 2RL (By.), Fierz, 
p. 157, H-acid -> w-toluidino ->phenyl-J-acid. 

Brilliant Fast Blue B (By.) (type of), C.I. 
No. 319, H-acid-> a-naphthylamine->-phenyl- 
J-acid (G.P. 198102, 199176, 200116, 202116, 
Fr. IX, 385, By.). 

The effects of methyl, methoxy and sulphonic 
acid radicals in this group (and the under¬ 
mentioned trisazo group) have been studied by 
Meuly (Helv. Chim. Acta, 1923, 6, 931),Wanner 
(Z. angew. Chem. 1925,88,613), Obermiller {ibid. 
1926, 88,1044) and Dinner (i6td. 1928,41,1078). 

When a second middle component (M) is 
inserted so that trisazo dyes are obtained of 
formula A -> -v M® J-acid (or deriva¬ 
tive), the shade is shifted in the bathochromio 
direction so that pure blue and greenish-blue 
shades result and by the selection of middle 
components (especially l-amino-2-alkoxy- 
naphthalene-6- (or -7-) sulphonic acid) bluish- 
green shades (Fierz, p. 160 ; Ergknzs., pp. 6, 
43). In the trisazo dyes both washing-fast¬ 
ness and light-fastness are enhanced, the latter 
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reaching 6 on the 1-8 scale* The following 
examples are typical of this class of dyestuff: 

Benzo Light Blue FR (By.), C.I. No. 533, 
aniline ->Cleve acid (1:6) ->CIeve acid (1:6) ->■ 
J-acid (G.P. 121421, 121867, Fr. VI, 948 (By.)). 

Benzo Light Blue FFB (By.), Fierz, p. 160, meta- 
nilic acid -> a-naphthylamine Clevo acid 
phenyLJ.acid (G.P. 121868, Fr. VI, 950 (By.)). 

Sirius Blue 6G (I.G.), Fierz, Erganzs., 
p. 43, aniline-2:5-disulphonic acid -> a-naphthyl- 
ainine —>► methoxy-Cleve acid phenyl-J-acid 
(B.P. 248230 ; G.P. 450998, Fr. XV, 521). 

The coupling energy of the diazo compounds 
of the disazo dyes of formula A M -> alkoxy- 
Cleve acid is so low that the couplings with 
J-acid and N-substituted J-acid must be 
carried out in the presence of pyridine (B.P. 
248230 (I.G.)) or in aqueous acetone solution 
in ammonia medium (B.P. 374498 (I.C.I.)). 
Carbonyl-J-acid or J-acid urea, i.e. 6:5'-di- 
hydroxy - 2:2' - dinaphthylurea - 7:7' - disulphonic 
acid, is obtained by treatment of J-acid with 
phosgene, and since it couples successively with 
two molecules of diazo compound it permits the 
preparation of either symmetrical or asym¬ 
metrical disazo or polyazo dyes. The typical 
member is: 

Benzo Fast Scarlet 4BS (By.), C.I. No. 327, 
aniline -> carbonyl-J-acid ->^-aminoacetanilide. 

The symmetrical dye from two molecules of 
diazobenzene is an orange {cf. Benzo Fast 
Orange S (By.)), and a series of red shades is 
obtained by using other substituted derivatives 
of aniline and the naphthylamines {cf, B.P. 
3615, 1900 ; G.P. 116200, 122904, 126133, 
126443, 126801, 128195, 129478, 132511, 133466, 
Fr. VI, 202, 954-962). As a class these dyes 
have similar washing-fastness to the benzidine 
red dyes, but they have the advantages of a 
little superior light-fastness and greatly superior 
fastness to acids. Thiocarbonyl-J-acid can be 
employed in similar fashion to carbonyl-J-acid 
and gives dyes of similar properties {cf. B.P. 
12899, 1900 ; G.P. 126133, Fr. VI, 956 ; G.P. 
116201, Fr. VI, 202). 

On boiling with sodium sulphite 2 molecules 
of J-acid condense to form di-J-acid (5:5'- 
dihydroxy-2:2'-dinaphthylaraine-7:7'-di8ulphonic 
acid), which couples with 2 molecules of diazo 
component in a similar manner to carbonyl-J- 
acid (B.P. 22804, 1899 ; 24296, 1899 ; G.P. 
114974, 114841, Fr. VI, 199, 953). It gives 
direct cotton dyes of bright shade but of lower 
affinity, washing-fastness and light-fastness and 
bathochromic in shade compared with corre¬ 
sponding dyes from carbonyl-J-acid. Thus 
(aniline )2 It carbonyl-J-acid is orange in shade 
and has a light-fastness of 4 on the 1-8 scale, 
whereas (anuine)| di-J-acid is bluish red in 
shade and has a light-fastness of 2. 

Direct Cotton Dyea Characterised hy having 
y-Acid as a Component, —y-Aoid, 2-amino-8- 
naphthol-6-sulphonio acid, although not com¬ 
parable with J-acid in its contribution towards 
cotton affinity, gives rise to several groups of 
direct cotton dyes which include important 
members. These are almost all of grey or 
black shades and in many cases they possess 
veiy good light-fastness. In the disazo A 
M £ class there are: 


Benzo Fast Black (By.), Fierz, p. 142, 

(alk.) 

p-aminosalicylic acid -> a-naphthylamine-#• 

y-acid. 

Neutral Grey G (A.), C.I. No. 267, aniline ->• 
^alkaline) 

a-naphthylamine- > y-acid. 

Zambesi Black D, Fierz, p. 163, p-phenylene- 
diamine —>• cresidine y-acid. 

The trisazo A class is 

represented by: 

Benzo Light Grey BL (By.), Fierz, pp. 160, 
665, 2-naphthylamine-4:8-di8ulphonic acid 
a-naphthylamine -> Cleve acid y-acid (G.P. 
293184, Fr. XIII, 515). 

y-Acid when coupled with respect to the 
hydroxy group is a useful middle component 
and gives rise to the important Pluto (By.) 
and Columbia (A.) Blacks : 

Columbia Black FF (A.), C.I. No. 539, 

(alkaline) 

p-phenylenediamine Cleve acid- >■ 

y-acid-> m-phenylenediamine (B.P. 12804, 

1900 ; G.P. 131986 and 7, Fr. VI, 1008, 9). 

The preparation of this dyestuff involves 
monodiazotisation of 7 ?-phenylenediamine -> 
Cleve acid (from hydrolysis of acyl-j>-phenylene- 
diamine-> Clevo acid), and according to Fierz 
(p. 163) it is chiefly the Clove acid amino group 
that is diazotised. 

A number of the above dyestuffs from y- 
acid are in practice commonly employed as 
developing (Ingrain) dyestuffs {see p. 225). y- 
Acid is also employed as a coupling component 
in a number of dyestuffs from benzidine and 
bridged diamines {see preceding paragraphs). 

A dyestuff closely related to Columbia Black 
FF is Zambesi Black V (Fierz, p. 165). This is 
dependent upon S-acid (l-amino-8-naphthol-4- 
sulphonic acid), and is built up as follows : 

(alkaline) 

p-phenylenediamine -> Cleve acid- > 

■^(acid) 

S-acid -^-phenylenediamine. This is 

(acid) 

made in the stages (1) p-nitroaniline->- 

S-acid, (2) p-nitroaniline -> Cleve acid and 
reduce the nitro group, (3) diazotiso product of 
(2) {cf, Columbia Black FF above) and couple 
to (1), and finally (4) reduce the remaining 
nitro group. 

H-acid (1 -amino-8-naphthol-3:6-di8ulphonic 
acid) is an important coupling component in 
benzidine dyes and finds occasional use as a 
diazo component {cf. Brilliant Fast Blue B, 
p. 222), but it finds little use of a kind analogous 
to that of y-acid in direct cotton colours. 
There are examples of its use, however, such as ; 

Naphthamine Fast Black RS (K.), C.I. No. 
619: 


H-acid 


^p-phenylenedlamine —> m-phenylenediamine 
’^p-phenylenediamine m-phenylenedlamlne 


in which the remainder of the molecule clearly 
makes an important contribution to the cotton 
affinity. 

A great many of the foregoing direct cotton 
colours, and especially the “ benzidine ” dyes, 
are now manufactured by numerous firms. 
The original makers’ brand marks have usually 
been retained and appended to the characteristic 
class names of the manufacturers : 
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“ Chlorazol ” (T.C.T.); “ Chlorantine,” 

“Direct” (S.C.I.) and (C.A.C.); “Paramine” 
(L.B.H.); “ Chloramine,” “ Trisulphon ” (S.); 
“ Diphenyl ” (Gy.); “ Pontamine ” (Du Pont); 
“ Columbia ” (A.); “ Oxamino ” (Bad.); 

“ Benzo ” (By.); “ Diamine ” (Cass.); “ Dianil ” 
(M.L.B.); “ Naphthamine ” (K.). The following 
are applied only to the examples having the 
highest light-fastness : “ Durazol ” (I.C.I.); 

“Sirius” (I.G.); “Chlorantine Fast LL ” 
(S.C.I.) and (C.A.C.). Thus, for example. 
Diamine Fast Red F (Cass.) (Table XIVb) is 
manufactured and sold by I.C.I. as Chlorazol 
Fast Red F. For some very old established 
colours, such as Congo Red and the Benzo 
Purp urines, the original names have been 
retained by later manufacturers. The equi¬ 
valents of individual dyestuffs can be traced 
through the Colour Index numbers. 

Complex Metal Compounds as Direct 
Cotton Dyes. —There are a number of azo 
direct cotton dyes the light fastness of which 
can be greatly improved by treatment with 
copper sulphate, but in many cases the effect is 
lost on subsequent washing. On the other 
hand, many patents have appeared in which the 
preparation in substance of complex copper 
compounds as direct cotton colours is described. 
Many of such dyestuffs have a very high degree 
of light-fastness not lost on subsequent washing, 
and a number of the “ Chlorantine Fast ” dyes 
of S.C.I. of rubine, violet and brown shades 
have this constitution (Engi, J.S.C.I. 1931, 50, 
266T). For the synthesis of these metal com¬ 
plexes the same kinds of constitution are 
required as for mordant azo dyes (p. 211), and 
by far the greater number of the patents are 
concerned with J-acid dyes (including carbonyl- 
J-acid, di-J-acid, etc.). 

The following patent references are selected 
to illustrate the manner in which this field has 
been developed; the complexes are copper 
compounds unless otherwise stated : 

B.P. 12932, 1915 (S.C.I.) ; G.P. 335809, Fr. 
XIII, 531.—This is the first specification for 
preformed copper compounds of direct dyeing 
o-hydroxyazo dyes and gives more than 130 
examples of monoazo, disazo and polyazo 
dyes producing shades of red, violet, blue, grey 
and black. In almost every case an o-hydroxy 
group is supplied by J-acid or a derivative. 

B.P. 113141 (S.C.I.).—The parent dyes are 
of the type dianisidine !I> (J-acid deriva- 
tive )2 or (l-amino-H-naphtholsulphonic acid) 2 . 
There are many subsequent specifications in 
which the parent dye contains an o-alkoxy-o'- 
hydroxyazo grouping. During the coppering 
process the alkoxy group is replaced by a 
hydroxy group. 

B.P. 165083 (By.).—The parent dyes are of the 
(o-aminocarboxylic acid )2 Zj di-J-acid. 

P. 253659 (Bad.).—The chromium com¬ 
pounds are made from dyes of type 4:4'-bridged 
diamine (salicylic acid) 2 . Shades, yellow. 

B.P. 271897 (S.C.I.).—Concerns chromium 
compounds which differ from B.P. 253659 in 
having o-hydroxy-o'-carboxyazo or o-o'*di- 
hydroxyazo groupings instead of a salicylic acid 
residue. 

B.P. 298499, 299331 (S.C.I.).-~Copper is intro¬ 


duced into dyes containing a cyanuric residue. 
Shades, various. 

B.P. 333573 (I.G.).—The parent dyes are 
obtained by coupling tetrazotised benzidine- 
3:3'-dicarboxylic acid with two molecules of 
o-hydroxy coupling aminonaphthoisulphonic 
acid. Shades, violet to blue. 

B.P. 394981 (I.G.).—The ijarent dyes are of 
type (anthranilic acid )2 diacotoacetyl-o-tolid- 
ide (Kaphtol AS-G). Shades, yellow. 

B.P. 395027 (I.G.).—The parent dyes are of 
the type dianisidine Ij (2-amino-5-naphthol- 
l:7-di8ul})honic acid) 2 . Shades, blue. 

B.P. 396078 (I.G.).—The parent dyes are 
benzidine-3:3'-dicarboxylic acid or 4:4'-diamino- 
diphenylurea-3:3'-dicarboxylic acid Zj aceto- 
acetarylamides. Orange to brown shades. 

B.P. 400059 (S.C.I.).—The parent dyes are 
from tetrazotised 4:4'-diaminostilbene-3:3'-di- 
carboxylic acid and the usual o-hydroxy- 
coupling components. Shades, orange, violet 
and green-blue. 

B.P. 407684 (J.G.).—The parent dyes are 
similar to those of B.P. 333573 and 395027, 
but dianisidine or bcnzidincdic arboxylic ac id are 
coupled with dihydroxynaphthalenesiilphonie 
acids. 

The Relation between Chemical Con¬ 
stitution AND Direct Cotton Affinity (Sub- 
stantivity) of Azo Dyes. —Definition of the 
precise constitutional factors that lead to cotton 
substantivity and determination of the relation 
between cotton fibre and dyestuff’ in the dyed 
material have been the object of many investiga¬ 
tions in recent ,ycars, but no completely satis¬ 
factory theory of direct cotton dyeing has yet 
emerged. Nevertheless, working hypotheses 
have been reached wiiich permit of a largo 
measure of successful prediction. One difficulty 
is that substantivity is not an absolute property. 
It is possessed in varying degree by different 
(lyes, and the boundary between substantive 
and non-substantive dyes is indefinite. The 
technical utility of a direct cotton dye depends 
upon factors such as shade and light-fastness as 
well as upon its substantivity, and the technical 
classification of individual dyes as direct cotton 
dyes is therefore of little value. A method of 
measuring substantivity has been worked out, 
however, by Ruggli, and depends upon the 
difference in amount between the dye absorbed 
from the bath and the amount stripped off the 
dyed fibre by a subsequent washing under 
defined conditions (Ruggli and Pestalozzi, 
Helv. Chim. Acta, 1926, 9 , 366 ; Ruggli, 
Textilber. 1934, 15 , 68). Substantivity values 
for many critical series of dyes have been 
recorded (Ruggli and Braun, Helv. Chim. Acta, 
1933, 16 , 858, 873; Ruggli and Zimmermann, 
ibid, 1931, 14 , 118, 136). 

Neale also has made quantitative determina¬ 
tions of the absorption on cellulose of both pure 
dyes and of dyes in the presence of electrolytes. 
Absorption of Sky Blue FF (Table XIVc) is a 
reversible process and the increase in absorption 
with time of dyeing is in agreement with the 
theory of diffusion (c/. J. Soc. Dyers and Col. 
1936, 52 , 252, where references to related 
investigations are also given). 

Certain relationships do appear clearly 
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established. On the physical side the aqueous 
solutions of substantive dyes tend to be colloidal, 
while those of non-substantive dyes usually 
give normal solutions. Benzopurpurine 4B, 
4:4'-diamino-3:3'-tolidine nf (naphthionic acid) 2 , 
a strongly substantive dye, and the isomeric 
4:4'-diamino-2:2'-tolidine analogue, a feebly 
substantive dye, have both been found by Robin¬ 
son and Mills (Proc. Roy. Soc. 1931, A131, 576, 
596 ; J. Soc. Dyers and Col. 1934, 50, 161) 
to have complex anions in solution, but those 
of the substantive dye are mucli the larger. 
The same dyes and others have been investigated 
by Lenher and Smith (.1. Physical Chem. 1936, 
40, 1005), who point out the great importance of 
salt sensitivity. With regard to constitution it is 
conspicuous that the well-known t 3 ’'pes of 
technical direct cotton dyes all tend to possess 
long thread-like molecules of approximately 
straight line form. Woroshtzow (Rev. G6n. 
Mat. Col. 1924, 28, 34, 99, 161) relates sub- 
stantivity to a capacity to combine the straight 
line form with a quinonoid configuration in 
order to explain the special property of J-acid 
in conferring cotton affinity, but it is admitted 
that a number of substantive compounds cannot 
be so w ritten. The space models of ‘ ‘ benzidine ” 
and “ straight chain ” (A M E and 
A -> M -> M E) direct cotton dyes bear a 
striking similarity in form to those of cellulose 
and the cellobiose unit, and tliis has led to 
the conclusion that the cotton affinity must be 
related to the capacity of such straight dye 
molecules to arrange themselves along the similar 
cellulose molecules {cf. Meyer and Mark, “ Der 
Aufbau der hochpolymeren organischen Natur- 
stoffe” ; Meyer, Angew\ Chem. 1928, 41, 935 ; 
Mark, J. Soc. Dyers and Col. 1932, 48, 53). 
Schirm (J. pr. Chem. 1935, [ii], 144, 69) suggests 
that the forces which provide the affinity are 
those arising from a long conjugated chain such 
as can be figured for many substantive dyes. 
Again, however, discrepancies arise, and finally 
Ruggli and Lang (Hclv. Chim. Acta, 1936, 19, 
996) have discovered substantive azo d^^es that 
definitely do not possess the straight line 
structure. The theories and relevant facts 
concerning the relation between constitution and 
cotton substantivity as published up to 1934 are 
summarised by Ruggli in J. Soc. Dyers and Col., 
Jubilee Number, 1934, p. 77. 

(2) Developino Cotton or “ Ingrain ” 
Dyes. —The process of diazotising and coupling 
(developing) upon the fibre was the invention of 
Green, who in the first instance applied it to 
Primuhne (J. Soc. Dyers and Col. 1888, 4, 39). 
It is usual to employ as coupling component 
(developer) a compound free from water- 
solubilising groups, and the effect is to obtain 
increased fastness to washing by reason (a) of the 
increased cotton affinity that normally accom¬ 
panies introduction of an extra arylazo group 
and (5) of the production of a relatively sparingly 
soluble dye molecule. The developers most 
commonly employed are j8-naphthol (for orange, 
red and blue shades), w-phenylenediamine or m- 
tolylenediamine (for black shades) and 1-phenyl- 
3-methyl-6-pyrazolone (for yellow shades). 
Some of the dyes already described as direct 
cotton dyes possess diazotisable amino groups 

VoL. IV.— 15 


and are frecpicnlly employed as developing 
cotton dyes ; this applies particularly to the 
blacks such as Zambesi Black D and the 
Columbia Blacks, and to dyes in which alkaline 
coupled y-acid is the end component, e.g. 
Diamine Black BH and Diamine Brown M 
(Table XIVd). In addition, there are a number 
of developing dyes which, having no value as 
direct dyes, arc manufactured specifically for 
this purpose. The following are typical ; 

liomnthrene () (S.C.I.), C.I. No. 324a, 

aniline->m-aminobenzoyl-J-a(ad (B.P. 24936, 
1903 ; G.P. 151017, Fr.VlI, 439 (S.C.I.)). 

JHazo Brilliant Orange Gli Extra (By.), C.I. 
No. 324, aniline w-aminobenzoyl-m-amino- 
benzoyl-J-acid (B.P. 17435, 1910 ; G.P. 

240827, Fr. X, 193 (By.)). 

Diamine Azo Scarlet (various brands) (Cass.), 
C.I. No. 322, A ->?7i-aminophenyl-J-acid-imin- 
azole —> w-aminophenyl-J-acid-iminazole (G.P. 
209110, Fr. IX, 405). 

Diazo Light Scarlet 5BL (By.), Fierz, p. 156, 
7 ;-aminobenzo 3 damino-o-crcsotinic acid — p- 
aminobenzo\d-J-acid (G.P. 268791, Fr. XI, 
396). 

Diazo Light Bed 5/i (B 3 \), Fierz, p. 156, 
aminoazobenzencsulphonie acid p-amino- 
benzoyl-J-acid. 

Diaminogen Blue BB (Cass.), C.I. No. 316, 
]:4-naphthyleuediamine-6-(or -7-)8ulphonic acid 
-> a-naphthylamino Schaffer acid (made by 
preparing the corresponding dyestuff from 

1- amino-4-acetylaminonaphthalene-6- (or -7-) 
sulphonic acid and then hydrolysing the 
acetylamino group). 

Naphthogene Blue 2B (A.), Fierz, p. 160, 

2- naphthylamine-4:8-di8ulphonic acid a- 
naphthylaminc Cleve acid cresidino (G.P. 
163321, Fr. VIII, 683 (Cass.)). 

Diazo Brilliant Green (By.)> Fierz, p. 167, 
2-naphthylamine-3:6-di8uIphonic acid -^a-naph- 
thylamino p-aminobenzoyl-J-acid. This 
gives a bluish-green shade when developed with 
phenylmethylpyrazolone. 

Diaminogen B Extra (Cass.), C.I. No. 317, 
l:4-diaminonaphthalene-0- (or -7-) sulphonic 

acid-> a-naphthylamino-j^y-acid (B.P. 

(alkaline; 

15444, 1893 ; G.P. 78831, 79910, Fr. IV, 
732, 733). This gives an indigo blue shade w hen 
developed with )3-naphthol, black with 
diamines. 

A yellow developed shade can be obtained by 
means of Diazo Light Yellow 2G (By.), C.I. 
No. 654, 4:4'-di-(p-aminobenzoylamino)-di- 
phenylurea-3:3'-di8ulphonic acid: 



SO3H 


(G.P. 260342, Fr. ±, 1329). 

This is a colourless compound wdth a strong 
affinity for cotton and is diazotised upon the 
fibre and coupled with phenylmethylpyrazolone. 
For further examples of azo dyes of the develop¬ 
ing class, consult Fierz, pp. 147-153 and 
166-167. 

The complementary process to that described 
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above can also be carried out, that is, a dyestuff 
abeady on the fibre can be used as a coupling 
component and coupled with a diazo component. 
Although now of little importance, some tec^hni- 
cal use is made of the process. The diazo com¬ 
pound employed is almost always tliat of j)- 
nitroanihne and the dyestuff' usually has as 
end component a diamine which provides the 
required coupling point. Thus Bismarck 
Brown, Chrysoidine Y, Toluylcne Orange R and 
Toluylene Orange G (Table XI Va) can be 
developed with ^-nitroaiiiline. Alternatively, 
the coupling point may be provided by the use 
of an aminonaphtholsulphonic acid as a 
component, as, for example, in Diamine Fast 
Violet BBN (Cass.), C.I. No. 325, J-acid 
?n-amino-p-cresol-> phenyl-J-acid, where the 
J-acid residue after diazotisation and coupling 
still provides a coupling position with reference 
to the hydroxyl group. 

After-treatment of Direct Cotton Dyes 
WITH Heavy Metals. —The development pro¬ 
cesses in which an arylazo group is formed on the 
fibre are chiefly for the purpose of improving 
washing-fastness. Ceiiain direct cotton dyes 
permit of a considerable increase in fastness to 
light by treatment of their dyc'ings with heavy 
metal salts and especially with copper salts. 
The property is usually possessed by 
salicylic acid dyes, e.g. Diamine Brown M, 
salicylic acid 

benzidine<^ , and Cotton Yellow 

y-acid 

G, diaminodiphcnylureadisulphonic acid ZX 
(sahcylic acid) 2 . A shade change in the batho- 
chromic direction usually occurs and may bo a 
serious drawback, as in the case of Chrysamine, 
benzidine ZX (salicylic acid) 2 , which becomes 
much duller. For this reason it is frequently 
necessary to avoid the presence of copper in the 
dyebath when dyeing colours containing a 
salicylic acid residue. Susceptibility to aftcr- 
coppering is not confined to the salicylic residue ; 
thus, a dyestuff which gives a pronoimced 
increase in Light-fastness (from 1 to 6 on the 1-8 
scale) is Chlorazol Sky Blue FF, dianisidine rj 
(l-amino-8-naphthol-2:4-disulphonic acid) 2 , al¬ 
though the effect is not fast to washing. A 
number of patents have aj)peared in which 
benzidine-3:3'-dicar boxylic acid and related 
4:4'-diamino-3:3'-dicarboxylic acids have been 
tetrazotised and coupled with o-hydroxy- 
couphng components to obtain after-coppering 
direct cotton dyes (c/., e.g., B.P. 286717 
(LG.)). 

Azo Dyes Fixed on Cotton by Means of 
Formaldehyde. —Reference has already been 
made to the fixation by treatment with formalde¬ 
hyde of dyestuffs of the Plutoform and Formal 
Fast Black types. The Vulcan Dyes, introduced 
by Levinstein, Ltd. (now a constituent of 
I.C.I.), have in many cases resorcinol as an end 
component, and they react with formaldehyde in 
substance or on the fibre to give sparingly 
soluble condensation products of high washing¬ 
fastness. By using hexamethylenetetramine 
as the source of formaldehyde the Vulcan colours 
can be applied to calico printing (Levinstein, 
B.P. 29021, 1912 ; 1123, 1913; 3427, 1913 ; 
4316, 1913 ; J.S.C.I. 1914, 83, 673). 


(3) Azo Dyes Fixed on Cotton by Means 
OP A Mordant. —The first azo dyes employed for 
the dyeing of cotton had no direct affinity for 
the fibre. They consisted of basic dyes, e.g. 
Bismarck Brown, and were applied to cotton 
mordanted by treatment first with tannic acid 
and then with tartar emetic ; an insoluble 
lake w^as thus formed upon the fibre. Some 
basic azo dyes are still employed in this way, 
notably Bismarck Browns and Chrysoidine 
(anihnow-phenylenediamine), C.I. No. 20. 
The Janus Colours (M.L.B.), now little used, 
consisted of azo dyes having a quaternary 
ammonium group. Several were obtained by 
employing the azine dye Safranine as a diazo 
component, the most successful being Janus 
Blue G, R (C.I. No. 136), safranine -> jS-naphthol. 
A green was obtained by coupling with dimethyl- 
aniline (C.I. No. 133) and a black with phenol 
(C.I. No. 134). Janus Red B (C.I. No. 266) 
is the disazo colour, ?7i-aminophenyltrimethyl- 
ammonium chloride ->w-toluidine -♦■jS’-naphthol, 
and has sufficient cotton affinity for use as a 
direct dye. A group of recent patents has 
suggested a revival of interest in tlie use of 
dyestuffs basic in character but possessing 
direct cotton affinity, and also in the fixation of 
acid direct cotton colours by after-treating 
them with basic compounds (c/. B.P. 383634 
(I.G.) ; B.P. 398175 (l.C.l.), amine derivatives 
of higher aliphatic hydrocarbons and correspond¬ 
ing derivatives of heterocyclic bases ; B.P. 
427089 (Deutsche Hydrierwerke), the metho- 
sulphateof benzidine (dimothylaniline) 2 , itself 
a yellow dyestuff ; B.P. 423864, 423933 (I.G.), 
condensation products of polyethylcnediamine 
with cyanuric chloride). 

The chrome printing dyes discussed in the 
next paragraph are also mordant fixed dyes, 
but in this case in the form of metalhc 
lakes. 

(4) Azo Dyes fob Printing on Cotton. —In 
the printing of dyes on cotton the dyestuff must 
bo capable (1) of forming a stable highly concen¬ 
trated paste with the usual thickening agents 
so that it can be applied to the material from 
printing rollers and then (2) fixed upon the 
material readily in the printed positions. The 
first requirement means that the dyestuff must 
have high water-solubility or be in a fine state 
of dispersion. To satisfy the second require¬ 
ment it must possess a high affinity for the fibre 
or must be capable of fixation by a simple 
process which results in the formation of an 
insoluble compound upon the fibre. 

There are many direct cotton colours from 
among those enumerated above that can be 
used for calico printing on the basis of their 
direct affinity. For printing by the formation 
of an insoluble compound upon the fibre there 
are two main classes, the azoic printing dyes 
(which are dealt with in a separate paragraph 
on p. 231) and the chrome printing dyes. 

Chrome Printing Azo Dyes .—In the most 
usual practice the calico is chrome mordanted, 
and the thickened dye paste then printed upon 
it. Fixation occurs on submitting the prints 
to the action of steam. The dyestuffs are 
characterised by a capacity for ready formation 
of chromium complexes and are therefore 
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closely related to the mordant azo wool dyes 
and alter-coppering direct cotton dyes—^they 
are, in fact, almost all selected members from 
these two classes and very largely, though not 
exclusively, dyes having salicylic acid as one 
coupling component. The following examples 
are illustrative: 


Colour 

Index 

No. 

Trade name. 

Constitution. 

36 

Alizarine Yellow 

w?-Nitroaniline -> 


G 

salicylic acid. 

40 

Alizarine Yellow 

p-Nitroaniline -v 


R 

salicylic acid. 

441 

Chromocitronine 

Benzidine - 2:2'-di- 


R 

sulphonic acid 
(salicylic acidlg. 

346 

Cotton Yellow G 

4:4'- Diaminodi - 
phen^durea - di - 
sulphonic acid 
(salicylic acid),. 

99 

Chrome Fast 

4 - Nitro-2-amino - 


Green G 

(a Ik.) 

j)hcnol-> H- 

acid. 


In t he discharge printing style cotton is dyed 
in the usual manner with a direct cotton colour 
and then printed with a thickened mixture of a 
reducing agent such as Kormosul. The printed 
portions are thus decolorised by reduction of the 
azo dye and the reduction products are removed 
by washing. Many azo dyes, however, give 
reduction products which are readily oxidised 
in the air and so produce brownish or reddish 
stains, for which reason they are unsuitable for 
use in discharge printing. For examples of 
suitable dyes the Colour Index may be consulted, 
or “Textile Printing,” E. Knecht and J. B. 
Fothergill, revised edition by J. B. Fothergill, 
1931), Griffin {v. Dyeing, Textile Printing). 

(5) The “ Azoic '* or “ Ice ” Colours.—It 
was first shown by Bead Holliday & Sons in 1880 
(B.P. 2757, 1880) that dyeings very fast to 
wasliing could be obtained by first steeping 
cotton in a caustic soda solution of sodium 
)5-naphtholate, then lightly wringing out the 
excess, drying and finally immersing the 
naphtholated cotton in a solution of a diazotised 
amine. A water insoluble dyestuff was thus 
formed on the fibre. The invention became 
technically important with the introduction of 
the example p-nitroaniline->-)3-naphthol, which 
became known as “ Paranitraniline Red ” or 
simply “ Para Red.” The use of several other 
amines was introduced, but p-nitroaniline 
remained by far the most important example. 
From the use of ice in the preparation of the 
diazo solutions, the group became known as the 
“ Ice Colours.” A somewhat bluer shade of 
Para Red can be produced by adding to the 
/3-naphthol a small percentage of F-acid (2- 
naphthol-7-8ulphonic acid), the mixture being 
sold as /3-naphthol R. In this case after 
development of the Para Red, the water soluble 
dyestuff, p-nitroaniline -> F-acid, is removed 
in the washing process. 
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In 1911 there was introduced by Griesheim- 
Elektron A.G., now a constituent of I.G., a 
new j3-naphthol derivative, Naphtol AS, which, 
with analogous compounds subsequently intro¬ 
duced, has altered the whole character of the 
Ice Colours. In place of the very restricted 
range of shades of the old Ice Colours, there is 
now a complete range of products capable of 
giving dyeings in almost every shade and in 
some cases with sufficiently high fastness 
properties to rival vat dyes. 

Naphtol AS is 2-hydroxy-3-naphthoic anilide, 



It had been prepared 20 years earlier by 
Schopff (Ber. 1892, 25, 2743) while 2-hydroxy-3- 
naphthoic-j8-naphthylamide had been prepared 
by Strolibach (Ber. 1901, 34, 4152). Griesheim- 
Elektron dovclof)ed a general reaction for the 
pr6.‘paration of the 2:3-hydroxynaphthoic aryl- 
amides consisting in heating 2-hydroxy-3- 
naphthoic acid with the amine and phosphorus 
trichloride (or thionyl chloride) in an inert 
solvent, and they applied the Para Red technique 
to a number of diazotisable amines and 2:3- 
hydroxynaphthoic arylamides (I.G. trade name 
“Naphtols”) (B.P. 0379, 1912 ; 13237, 1913; 
23732, 1913 ; 13760, 1912 ; 7676, 1913 ; 17279, 
1913, and 10085, 1914 ; Rowe, J. Soc. Dyers and 
Col. 1931, 47, 29). 

Naphtol AS and the other “ Naphtols ” have 
the advantage over )3-naphthol that owing to 
the colloidal nature of their caustic soda solutions 
they have afiinity for cotton. The practical 
result is that the intermediate drying of the 
naphtholated cotton is unnecessary. Neverthe¬ 
less, there was relatively little development of 
the use of the “ Naphtols ” until the years 1922 
onwards. There then appeared on the market 
from Griesheim-Elektron many new “Naphtols,” 
followed very soon aft/Cr by a range of solid 
stabilised diazo compounds. The provision of 
a range of stable diazo compounds was an 
essential step in the commercial development 
of the Ice Colours because the diazotisation of 
many of the amines requires conditions not easily 
reproduced by the dyer without special equip¬ 
ment ; and even where diazotisation offers no 
serious difficulty, it is a great convenience to 
be able to produce a number of different diazo 
solutions immediately by simple solution of 
commercially available products in water. Thus 
ice has no longer the significance that it had in 
connection with the dyer’s use of these colours, 
and this is possibly why the class name “ Azoic 
Colours ” is replacing the older name, note for 
example, “ Symposium on Azoic Dyes,” J. 
Soc. Dyers and Col. 1936, 62, 5. An interesting 
variant on the general process is described in 
B.P. 489429 (I.G,). Here the fibre is treated 
with a solution of a diazonium compound 
possessing cotton affinity—usually one con¬ 
taining one or more aza groups which assist 
solubility—and the colour is developed by 
passing through a “ Naphtol ” solution. 



Table XVI.—^Constitutions and General Properties op Azoic Coupling Components. 
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In the application of the azoic dyes to cotton 
the coupling component (‘‘Naphtol”) is 
dissolved as sodium salt in excess caustic soda. 
With the coupling components of higher mole¬ 
cular weight assistants may be necessary to obtain 
a sufficiently clear solution for clean working. In 
many cases also formaldehyde is added to pre¬ 
serve the impregnated cotton from subsequent 
air oxidation. A l:r-methylencdi-/5-naphthol 
derivative is possibly formed, the methylene 
bridge being subsequently displaced by the 
entering azo group (Brass and Sommer, Ber. 
1928, 61, [B], 993). If the diazo compound 
employed is not a vigorously coupling one it 
may i>e necessary to omit the formaldehyde 
(Rowe, J. Soc. Dyers and Col. 1931, 47, 29). 

The cotton material is passed through the 
solution of the coupling compon(;nt, lightly 
squeezed, rinsed and passed through a bath 
containing the diazo solution (usually with the 
addition of acid binding agents) to give the azo 
colour. The dyeing is finally rinsed and 
“ developed ” by boiling in a soap solution. 
During the soaping loose colour is removed 
from the surface of the fibre and in addition 
aggregation and migration of the pigment occur, 
giving a brightening of the shade and frequently 
a valuable increase in light-fastness. At the 
same time, where migration to the surface 
occurs, looseness to rubbing may result on 
cotton and loss of lustre (blinding) on mercerised 
cotton and viscose (Rowe, J. Soc. Dyers and 
Col, 1926, 42, 207 ; Bean and Rowe, ibid. 1929 
46, 6). The latter paper also summarises other 
publications on the nature of the changes 
produced during soaping. 

The application of azoic dyes has been ex¬ 
tended to most other vegetable fibres ; linen 
can be dyed to an excellent fastness to rubbing 
and washing. On the other hand, little com¬ 
mercial success has so far attended the attempts 
to apply the azoic dyes to silk and wool because 
these fibres are damaged by caustic soda and, 
moreover, have the capacity for coupling with 
certain diazo compounds. Nevertheless, efforts 
continue to be made to adapt the azoic dyes to 
wool {aee, e.g., Everest and Wallwork, ibid. 
1928, 44, 119 ; 1934, 60, 38 ; B.P. 283347, 
283835 ; also B.P. 253866 (I.G.)). 

In some applications azoic dyed yam is woven 
in with “ grey *’ cotton and the usual coloured 
goods bleaching operation then applied, that is, 
e.g., boiling with a 0-5% sodium carbonate solu¬ 
tion which may also contain soap, followed by a 
treatment with sodium hypochlorite (chemick). 

The ideal azoic dyeing would, therefore, 
possess fastness to rubbing, washing, coloured 
goods bleaching and light. In practice very few 
combinations possess aU the virtues and it is 
therefore necessary to choose particular com¬ 
binations for particular purposes. The range 
of shades and of fastness properties has been 
obtained by variation in the constitution both of 
the diazotised amine and in the coupling com¬ 
ponent. As to the latter, Naphtol AS has 
remained the pattern of almost all, with the 
notable exception of those required for the 
production of yellow shades. 

The 2:3-hydroxynaphthoicarylides couple in 
o-position to the hydroxyl group, and the 


dyes on the fibre therefore have the general 
formula 

N:NAr 



J. 


(in which Ar and Ar' represent aryl n'sidues), 
and with the range of diazo compounds available 
this structure provides shades ranging from 
orange through red and violet to blue. The 
yellow shade is obtained by employing Naphtol 
AS-G, i.e. di-(aeetoacet)-o-tolidide, which 
couples with 2 molecules of diazo comjiound 
and gives dy<‘8 of th(^ general formula 

NH CO C(N:NAr):CMe OH 



NH CO C(N:NAr):CMe OH 
11 . 

The Naphtol AS-G combinations are somewhat 
deficient in light-fastness, but the acetoacot- 
monoarylidcs, on the other hand, have not in 
general sufficient cotton affinity ; affinity has 
been secured, however, together with better 
light-fastness than Naphtol AS-G, by using a 
substituted 2-aminobcnzthiazole as the mono- 
arylamine (B.R 425211, 425168 (I.G.)). Good 
light-fastness and kier-boiling fastness have also 
been obtained by employing terephthaloyl-bis- 
acetanilides (B.P. 365531 (I.G.)), and to this 
class Naphtol A8-LG and Naphtol AS-L3G 
belong (Desai and Mehta, J. Soc. Dyers and 
Col. 1938, 54, 424). 

At the other end of the shade range are the 
green, brown and black shades obtained by 
using or^Aohydroxycarboxyaryhdes of anthra¬ 
cene, carbazole and naphthacarbazole. Of 
coupling components other than 2-3-hydroxy- 
naphthoicarylides the acetoacetaryhdes have 
already been mentioned. A number of others 
have been proposed in patent specifications and 
two types have been placed on the market by 
S.C.I. The one consists of l:4-hydroxynaphthyl 
aryl ketones, i.e. a-naphthol derivatives which 
have the 4-position occupied and therefore 
couple exclusively in o-position. Ciba 

OH / 



Naphthol R and RP are of this type and give 
exceptionally bright shades with o-aminophenyl 
ethers (S.C.I., B.P. 211223, 232261). The other 
type comprise the benzidide, o-tolidide and 
o-dianisidide of p-cresotinio acid and are sold as 



231 


DYESTUFFS, AZO. 


Ciba Naphthol SB, ST aiid SO respectively 
(S.C.I., B.P. 370820 ; Diserens, Ilev. G6n. Mat. 

CH3 CH3 

^OH CHjOr^CHjOr OH 

OCH3 OCH3 

Col. 1930, 40, 205). An interesting, although 
technically unimportant, group of 2-hvdroxy-3- 
naphthoicarylides arc those in which the 
arylide group carries an amino group which 
can be diazotised so as to afford autocoupling 
(Turski, Melliand Textilber. 1937, 18, 75; 
J. Soc. Dyers and Col. 1937, 53, 116). Table 
XVJ gives the constitutions of the members 
of the Naphtol AS scries—so far as they have 
been published. A number of these are also 
offen'd under tlu' trade names “ Brcnthol ” 
(l.C.r.), “ Na])hthanil ” (Du Pont), “Ciba 

Naphfhol “ (S.C.I.), “ Naphtazole ” (Kuhl- 

inann), “ Irganaplithol ” (Cy.), “ Cclcot ” 

(Sandoz)- 

The choice of an azoic combination for a 
particular purpose is based broadly upon 
substantivity of the coupling component 
“ Naphtol ” and upon kior-boiling fastness and 
light-fastness of the combination. 

It has been shown by Rowe (J. Soc. 
Dyers and Col. 1931, 47, 29, 35, 163 ; 1935, 
51, 278) that apart from a general sensitivity 
to kicr-boiJing shown by nitro compounds, 
the poss('ssion of resistance to kicr-boiling is 
a, s])ecirio profXTty of a particular azo 
combination and cannot be attributed gener¬ 
ally to either com])onent. The kier-boiling 
process in the presence of cellulose (cotton) 
])rovidcs alkaline reducing (xmditions and also 
hydi’olysis conditions. Accordingly looseness to 
kier-boiling may arise from reduction of th(5 azo 
link or from hydrolysis of the arylamido group 
and from similar degradation reactions. 

High substantivity in a coupling component is 
an advantage in machine dyeing, but for piece 
padding and warp dyeing a relatively low 
substantivity is preferred. No very clear rules 
can be laid down as to the relation between sub¬ 
stantivity and constitution of coupling compo¬ 
nents, although broadly, substantivity (and col¬ 
loidal character of solution) increases with mole¬ 
cular weight (r/. Nos. 8 and 12-17 in Table XVI). 
The substantivity of Naphtol AS (as compared 
with the lack of it in )S-naphthol) has been attri¬ 
buted to the residual affinity of the amide grou]) 
and the capacity of Napht ol AS to exist in tlie 
onol form. 





iOH 

C(OH)-NAr 


(Krzikalla and Eistert, J. pr. Chem. 1935, [ii], 
148, 60), a view supported by the lower 
substantivity of 2-hydroxy-3-naphthylacet- 
aniHde and of 2:3-hydroxynaphtho-N-methyl 
anilide. 

The azoic bases, that is, the amines employed 
as diazo components, are sold under the trade 
names of “ Fast Bases ” (I.G.) and “ Brent- 
amines ” (I.C.I.). As stable solid diazo com¬ 


pounds they are sold as corresponding “ Salts.’* 
In Table XVII are given the constitutions of the 
** azoic bases ” so far as published, the typical 
shade produced being explicit in the name. 

Solid Stable Diazo Compounds. —When 
diazonium compounds are treated vith caustic 
soda solution they are converted into syn- 
diazotates which on further heating with caustic 
soda rearrange to the anti-diazotates. Whereas 
the syn-diazotates arc labile and still capable of 
coupling, the anti-diazotates are stable and 
incapable of coupling (Schraube and Schmidt, 
Ber. 1894, 27, 522). From the view that they 
possessed the nitrosamine structure they received 
the class name “ Nitrosamines,” by which they 
have continued to be known technically. (For 
discussion of their structure, sp,e Saunders, 
“ Aromatic Diazo-Compounds,” Arnold, 1936, 

p. 81 .) 

The nitrosamines as siu'h do not coujffc with 
azo components, but on acidifying their solutions 
normal diazonium solutions result (G.P. 80263 
(Bad.), Fr. IV, 668) and they can thus bo em¬ 
ployed as temporarily stabilised diazo com¬ 
pounds. At first the only product put on the 
market was Nitrosamine Red, the nitrosamine 
from jp-nitroanilino. About the same time 
another stabilised form of diazotised 7 ;-nitro- 
aniliiie was patented, viz. Azophor Red (G.P. 
85387 (M.L.B.), Fr. IV, 673 ; B.P. 21227, 1894). 
This consisted of the true diazonium salt and 
was obtained by evaporating down in vacuo 
the product of diazotising y>-nitroanilino in 
sulphuric acid solution with the addition of 
Glauber's salt. Azophor Blue was similarly 
derived from dianisidino. f'nrthur, in 1896, it 
was shown that the zinc chloride double salts 
of diazo and totrazo derivatives of aminoazo 
compounds wore isolable as stable solids (B.P. 
89437 (M.L.B.), Fr. IV, 675 ; B.P. 1645, 1896), 
and about the same time that a number of 
benzene- and naphthalcne-suJphonic acids could 
bo used to j)recjpitatc sparingly soluble stable 
diazonium arylsulphonates (Becker, G.P. 
81039 (Fj. IV, 678) ; G.P. 86367 (Fr. IV, 679) ; 
G.P. <89998 (Fr. IV, 681) ; Feer, G.P. 88949 
(Fr. IV^ 682)). Little use, however, was made of 
these discoveries (except in a limited way 
applied to 7 >-nitroaniline) until the modern 
developments of the azoic dyes already referred 
to. A new series of “ Fast Salts ” was then 
marketed by the German firms and patents 
appeared which showed that they represented 
modern e.xteiisions of these long known prin¬ 
ciples. The salts consist of zinc chloride double 
compounds, arylsulphonates or diazonium 
sulphates, the choice of salt varying from 
amine to amine. The Fast Salts (I.G.) carry 
the same brand marks as the bases from which 
they are derived (Table XVII). They are true 
diazonium salts and therefore on dissolving in 
water they provide diazonium solutions capable 
of coupling immediately. Their introduction 
was an essential step towards the later develop¬ 
ments of azoic dyeing. 

Azoic Printing Mixtures .—The applications of 
the azoio dyes have been extended to the 
printing of calico. For this purpose a thickened 
mixture of diazo component and coupling com¬ 
ponent is required which shall be stable {i.e, non* 
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Table XVIT. —Constitutions of Pbincipal Azoic Bases. 


No. 

Fast Bases (I.G.) and/or “ Salta.” 

Constitution. 

Koferences. 

1 

Fast Yellow G, GC 

o-Chloroaniline 

1, 3, 5 

2 

Fast Orange G, GC 

m-Chloroaniline 

3, 5 

3 

Fast Orange GR 

o-Nitroanihne 

4, 5 

4 

Fast Orange R 

m-Nitroaniline 

1, 5 

5 

Fast Scarlet GG 

2:5-Dichloroaniline 

2, 3, 5 

6 

Fast Scarlet G 

4-Nitro-2-aminotolueno 

L 3 

7 

Fast Scarlet RC 

4-Nitro-2-aminoani8ole 

1, 5 

8 

Fast Scarlet TR 

6-Chloro-2-aminotolucno 

6, 5 

9 

Fast Scarlet B 

/3-Naphthylamine 

5 

10 

Fast Red GG 

p-Nitroaniline 

5 

11 

Fast Red BB 

o-Anisidine 

1, 5 

12 

Fast Red RL 

5-Nitro-2-aminotoluene 

3, 5 

13 

Fast Red B 

5-Nitro-2-aminoanisolo 

L 5 

14 

Fast Red 3GL 

4 - Chloro- 2 -nitroan iline 

1, 5 

15 

Fast Red G, GL 

3-Nitro-4-aminotolueno 

1, 5 

16 

Fast Red KB 

4-Chloro-2-aminotoluene 

3, r> 

17 

Fast Red R, RC 

4-Chloro-2-aminoanisolo 

1, T) 

18 

Fast Red TR 

5-Chloro-2-aminotoluene 

5, 6 

19 

Fast Red RBE 

6-Benzoylamino-4-amino-l :3-xyleno 

4, 5 

20 

Fast Red ITR 

3-Amino-4-methoxybenzenesulphondi- 

ethylamide 

' 5 

21 

Fast Red AL 

1 - Aminoanthraquinone 

4, 5 

22 

Fast Bordeaux GP 

3-Nitro-4-aminoanisole 

5 

23 

Fast Garnet B 

a-N apht hylamine 

1 

24 

Fast Garnet GB, G, GC 

o-Aminoazotoluene 

1, 3 

25 

Fast Violet B 

1 3-Amino-6-benzoylamino-4-methoxy- 
toluene 

4-Amino-4'-methoxydiphenylamine 

5 

26 

Variamine Blue B 

4. 5 

27 

Variarnine Blue FG 

4*Amino-3'-mothoxydiphenylamine 

5 

28 

Variamine Blue RT 

p-Arainodiphenylamine 

5 

29 

Fast Blue B 

Dianisidine 

rt 

30 

Fast Blue BB 

4-Benzoy]amino-2:5-diethoxyaniline 

.5 

31 

Fast Blue RR 

4-Berizoylamino-2:5-dimethoxyanilinc 

5 

32 

Fast Black LB 

o-Phenetidine -> a-naphthylamino 

1 
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coupling until printed on the material), but, when 
once printed, capable of being developed by a 
simple process that shall not harm the fibre. 
The developed azo colour must be fast to 
washing and to rubbing and usually also to 
light. The stabilised diazo-compounds men¬ 
tioned above are of two types, diazonium salts, 
which give diazo solutions immediately capable 
of coupling, and the nitrosamines, which require 
treatment with acid in order to give diazo 
solutions capable of coupling. Those of the 
former type are obviously unsuitable for use in 
printing mixtures, but the nitrosamines have been 
successfully applied. The process of printing 
with an aUialine mixture of a nitrosamine and 
j8-naphthol was patented as far back as 1894 
(G.P. 81791 (Bad.), Fr. IV, 669 ; B.P. 15305, 
1894), but only became of real importance when 
modified by the use of Naphtol AS in place of 


)8-naphthol. The mixture of the nitrosamine of 
m-nitro-p-toluidine and Naphtol AS, marketed 
by Griesheim-Elektroii (now a constituent of 
I.G.) as Rapid Fast Red GL, is the most used of 
the series. A method of determining the identity 
of the constituents of nitrosamine printing 
mixtures has been worked out by Rowe (J. 
Soc. Dyers and Col. 1921, 37, 204), and Table 
XVIII gives a list of published constitutions. 

The nitrosamine printing mixtures are 
deficient in that the range available is limited— 
not all bases can be made to yield nitrosamines 
readily—and they are not perfectly stable. The 
nitrosamine to some degree tautomerises to the 
labile syn-diazotate, which is then removed 
from the sphere of action by combination with 
the coupling component; and so the process can 
go on until the coupling is complete. Improve¬ 
ments have been made in the methods of making 
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up the printing mixtures and in the methods of 
printing (^ee, e.g., Bucherer and Mohlau, J. pr. 
Chem. 1931, [ii], 131, 193 ; B.P. 249626), but the 
“ Rapid Fast ” colours are now giving place to a 
new range of azoic printing mixtures marketed 
by I.G. under the trade name “ Rapiclogen.” 


Table XVIll.— The Composition c>f Some 
*'RArir) Fast” Printtno Colours 
(Griesheini-Elektron). 


“ Rapid 
Fast ” 

I^ltroaaniiiic from: 

“ Naph- 
tol ” 

Reference. 

Red GL 

3-Nitro-4-amino- 

tolucno 

AS 

1 

Red B 

5-Nitro-2-amino- 

anisole 

AS 

2 

Red BH 

5-X^itro-2-ainino- 

anisolc 

AS-JkS 

2 

Red GG 

p-Nitroanilinc 

AS 

0 

Red 3GL 

4-Chloro-2-nitro- 

aniline 

AS 

0 

Blue B 

Dianisidinc 

AS 


Red GZ 

2:5-Dichloro- 

aniline 

AS 

3, 4 

i 

Orange 

RG 

o-Nitroaiiiline 

AS 

* 3 

Yellow G 

2:5-Dichloro- 

anilino 

AS-G 

4, 5 


References. 
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In the Rapidogen printing inixtures the diazo 
constituent consists of a triazene, viz. a diazo- 
amino- or diazoimino-compound. The diazo¬ 
amino-compounds result from the action, in the 
absence of mineral acid, of diazonium compounds 
on such primary aromatic amines as do not 
immediately form azo compounds, e.g. aniline, 
or do not form azo compounds because of 
the presence of substituents in the para and 
ortho positions, e.g. l:3:4-m-xylidine. The 
diazoamino-compounds are stable under neutral 
or alkaline conditions, but on acidification they 
break down again into their generators, diazonium 
salt and amine. Actually in some instances 
they give a mixture of two diazo-compoundsand 
two amines because of the tautomeric behaviour 
of the diazoamino-compound. 

R1N20H+NH2R2-^^Ri.N2NHR2 

RI N2 NH R2 RI NH N2 R2 

acid 

RI N2 NH R2-^ RI N2 CI + R2 NH2 

acid 

RI NH N2 R2-V Ri-NHa+R^NjCI 

Diazoamino-compounds become valuable for 
use in Rapidogens when the components are 
dissimilarly substituted, the one by solubilising 
negative woups, e.g. —COOH, —SO3H, 
and the other by positive groups, for then the 


tautomerism is suppressed and only one diazo 
compound results on acidification, viz. that of 
the positively substituted amine. Thus the 
diazoamino-compound from diazotised auiline- 
2:5-di8ulphonic acid and 4-chloro-2-aminotoluene 
can be employed as the stable diazo-compound 
of 4-chloro-2-aininotoluene (B.P. 433878 (I.G.)). 
The diazoimino-compounds are similarly pre¬ 
pared by the action of diazonium compounds on 
secondary amines. There being no imino- 
hydrogen atom, tautomerism does not occur and 
therefore on acidification a diazoimino-com¬ 
pound yields a single diazonium compound, viz. 
that from which it was prepared. Diazoimino- 
compounds become specially valuable when they 
have good water-solubility permitting strong 
printing mixtures to be prepared—that is, when 
the secondary amine is substituted by —SO 3 H 
and/or —COOH groups. 

The principal British patents specifying amines 
for this purpose are Nos. 306844, 308660 (both 
dealing with amines without solubilising groups) ; 
320324 (water-soluble secondary amines) ; 
324041 (water-soluble primary amines with 
coupling positions occupied) ; 407840, 427803 
(water-soluble secondary amines in which the 
—N H— group forms ])art of a ring). AU are 
due to I.G. 

The Rapidogens consist of alkaline mixtures of 
triazenes of the kind just described with sodium 
salts of the “Naphtols.” They are printed on 
the eotton as thickened aqueous pastes and the 
shades are developed by submitting the printed 
material to an acid ageing process—usually by 
passing the material through a che.st into which 
at(‘am carrying acetic acid is being injected. 
It is an advantage that the development, that is, 
the hydrolysis of the triazene and the coupling 
of the resultant diazo compound with the 
“ Naphtol,” should proceed very rapidly because 
of the possible corrosive action of the acetic acid- 
steam on the ager and because a rapid develop¬ 
ment permits a continuous process to be 
operated. The choice of a particular base as 
the stabilising agent is largely governed by the 
solubility and the speed of development that it 
afiPords. 

The diazoimino form of stabilisation of diazo 
compounds has a very wide application, but is 
not applicable to cases where the diazo com¬ 
pounds are rapidly decomposed by alkafis. 
The alternative adopted by I.G. in the Rapi- 
dazol mixtures is to stabilise the diazo com¬ 
ponents as diazosulphonates (obtained by 
the action of neutral sulphite on the diazo 
(ompounds) (I.G., B.P. 377207, 421971 ; G.P. 
660797, Fr. XIX, 1648). An oxidising agent 
is usually necessary for satisfactory develop¬ 
ment. (Cf.. also, B.P. 377978 and 414681 
(I.C.I.), and Desai, Mehta and Thosar, J. Soc. 
Dyers and Col. 1938, 54, 371.) 

Apart from the stabilisation of preformed 
diazo compounds numerous patent specifications 
have been published for the preparation of dry 
mixtures which react to give diazonium com¬ 
pounds on the addition of water (with a simple 
reagent in some cases), e.g. a mixture 
of an amine salt, a nitrite and a substance 
capable of acting as an acid binding agent. 
Such mixtures rarely give technically satis- 
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factory printing mixtures owing to the difficulty 
of securing a correct balance of reactants in the 
whole sequence of reactions. 

Azo Dyes for Viscose Rayon. —The direct 
cotton dyes have a somewhat greater affinity 
for viscose rayon (and other forms of regenerated 
cellulose) than for cotton itself. For very many 
purposes, therefore, direct cotton dyes suffice 
equally well for viscose. In the early days of 
manufacture of viscose rayon, however, the 
affinity of difterent lots for dyestuffs showed 
considerable variation and the ordinary direct 
cotton dyes consequently produced patchy 
dyeings. Cases still arise where particularly 
level light shades are required or where more 
than one kind of viscose may have been used, 
for example in garments. The difficulty of 
dyeing uneven viscose was overcome by the 
employment of dyestuffs having only relatively 
low cotton affinity, some being chosen from 
among existing cotton dyes and some being 
manufactured specially for the purpose. JSuch 
dyestuffs are the “ Icyl ” colours of l.C.l., the 
“ Rigan ” colours of and the “ Du 

Pont Rayon ” colours of Du Pont. 8ome, at 
least, of the Rigan dves are of the Neolan type 
(Enzi, J.S.C.T. 1931,^50, 2(ffiT ; B.P. 300916, 
347097 (S.C.I.)). Many dyes have been 

patented for the purpose, and mostly they fall 
into one of the disazo classes, A -> M E 

, in which D is benzidine substituted in 
E2 

2-position or a bridged diamine, 

NH2ArXArNH2, 

in which X is one of the less favourable links 
for Hubstantivity (c.(/. —S—, —O — or — CO— ) 
or the two amino groups are lujt (‘ach in para 
position. The following patents nre illustrative : 

A M -> E constitution : B.P. 276450, 
281767, 287214 (I.C.I.) ; B.P. 318891, 318892 
(Du Pont). 

D<f ^ constitution: B.P. 296485, 330607, 
^E2 

335733 (I.C.I.). 

Other constitutions : B.P. 270446, 270883, 
277756, 281410 (I.C.I.) ; B.P. 300916 (S.C.I.) ; 
B.P. 306908 (I.G.). 

Examples of direct cotton dyes suitable for 
dyeing viscose rayon in level shades are Chryso- 
phenine G (p. 221), Benzo Fast Red 8BL (p. 222) 
and Brilliant Benzo Violet 2RL (p. 222). A 
detailed account of the selection of direct dyes 
for use with viscose rayon is given by Boulton 
and Reading, J. Soc. Dyers and Col. 1934, 50, 
381, and Boulton, ibid, 1938, 54, 268. 

Aio Dyes for Acetate Rayon. —These are 
the subject of a separate article (Vol. I, p. 39), 
and therefore it is only necessary to say here 
that azo dyes are available in shades from 
yellow to blue and that navy-blue and black 
shades can be obtained by means of mixtures 
or by the process of diazotising and coupling 
upon the fibre. Many of the dyes employed are 
completely insoluble in water and are applied 
from suspension in water with the aid of dis¬ 
persing agents. Very rarely can an azo dyestuff 
possessing a sulphonic acid group be found 


or D<^ 


that has a really satisfactory affinity for acetate 
rayon and all the azo dyes which are suitable 
for dyeing this fibre are soluble in such organic 
solvents as ethyl acetate and acetone. Typical 
constitutions of acetate rayon dyes are: 

o-chloro-p-nitroaniline -> aniline 
(Orange) 

p-nitroaiiiline -?► N-)5-hydroxycthylaniline 
(Red) 

o-chloro-p-nitroaniline N-j5-hydroxy ethyl- 

aniline 
(Crimson) 

Azo Pigment and Lake Dyestuffs. —Azo 
compounds afford a largo number of insoluble 
(iolouring matters useful as pigments and of 
soluble dyes capable of forming lakes, i.e. 
insoluble salts with heavy metals. In this 
article the former are termed “ pigments ” 
ami the latter “ lake dyestuffs.” In practice, 
the heavy metal salts of the lake dyestuffs may 
be precipitated upon a substrate of alumina, 
blanc-fixe, lithopone or similar white base, or 
tliey may be made in substance and subsequently 
intimately mixed with the base in paste form. 
Colouring matters may be required to be freely 
soluble or, on the other hand, completely 
insoluble in linseed oil, fats, spirit, “ cellulose 
dop(‘S ” or varnish, according to the purpose in 
view. Many azo textile dyestuffs satisfy one or 
other of those requirements either as such or 
in the form of metal salts and, therefore, have 
subsidiary us(‘r in the pigment or lake dye¬ 
stuffs rields. Bismarck Brown and the Chrysoi- 
dincs (p. 209) find some use as spirit-soluble 
dyes. Many acid wool dy(‘S arci employed as 
calcium or barium lakes— particularly monoazo 
dyes from Tables III and IV—and important 
individuals are mentioned in Table XXIT. On 
the other hand, few direct cotton colours are 
employed as lake dyestuff's because the shades 
of their heavy metal lakes are usually very dull. 
The water-soluble metal complexes, such as 
the Neolan dyes (p. 214), do not generally find 
application, but the complexes of the corre¬ 
sponding azo compounds free from sulphonic 
acid and carboxylic acid groups (except an 
o-azocarboxylic acid group) afford valuable 
light-fast pigments for use in varnishes and 
lacquers, and many have been described in 
patent specifications employing such metals as 
copper, chromium, cobalt, nickel and iron. 
Again, the azo combinations described for the 
production of azoic dyes afford pigments when 
prepared in substance, and their use as such is 
usually included in the patent specifications. 
Probably only a few of them actually find such 
employment, however. The great bulk of the 
azo lake and pigment trade is in the orange to 
bordeaux range of pigments and lake dyestuffs 
obtained by coupling unsulphonated and 
sulphonated arylamines with /8-naphthol (and 
to a lesser extent with jS-hydroxynaphthoio 
acid) supplemented by the yellow pigments 
obtained by the use as coupling components of 
acetoacetarylamides. Their principal uses are 
in the colouring of oil paints, water paints, 
printing inks, wall papers, rubber and linoleum. 
The most important are shown in Table XIX. 
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Table XIX. —Pigments : Arylamine (without Solubilising Grouts) -> jS-NAPiiTiroL. 


No. 

Trade name. 

Diazo component. 

Curtis No.^ 

('olour 

Index 

No. 

1 

Metanitraniline Orange 

m-Nitroaniline 

90 

38 

2 

Paranitraniline Red 

p-Nitroaniline 

240 

44 


Pigment Red B 


-248 


3 

Permanent Red 2G 

2:4-Dimtroanilino 

202 

Schultz, 1 





No. 72 

4 

Lithol Fast Scarlet RN 

m-Nitro-p-toluidine 

185 \\ 

no ' 


Helio Fast Red RL 


184 / 

uy 1 

5 

Permanent Red R 

o-Chloro-p-nitroanilinc 

203 

— i 

0 

Lithol Fast Scarlet G 

4:5-Dichloro-o-nitroanilinc 

210 

j 


^ C. A. Curtis, “ Artiilcial Organic J'igincnts and theii Applications,” iranslaicd by E. Eylcinan, ritman, 1931) 


No. 3 is practically orange in sliadc The 
bluest sliadc of red is No. 2, followed by No. 5. 

The Jlansa Yellows (Table XX) originally 
introduced by M.L.B. (now a constituent of I.G.) 
depend upon the use as coupling component 
of an acetoacetarylamide (li.P. 9033, 1910 ; 
23791, 1911 ; 9252, 1914 ; G.P. 257488 ; G.P. 
App. F. 33190 ; G.P. 287569 ; Fr. XI, 452, 455, 
Fr. XII, 382). Other l:3-diketones have been 
specified for the same purpose, including pyrazol¬ 
ones {e.g.^ in Hansa Yellow K, 2:5-dichloro- 
aniline 1 -phenyl-3-methyl-5-pyrazoIone), 2:4- 
dihydroxyquinoline (B.P. 11205, 1905 ; G.P. 
105327, Fr. ¥111,718), indanedione (G.P. 241723, 


248010, Fr.X, 927- 9), sulphazone (G.P. 273342, 
Fr. Xir, 381) and benzoyl-acetone (G.P. App. 
B. 74277, Fr. XIT, 383). A number of the 
commercial azo pigment yellows have been 
identified by Bowe, Burr and Corbishloy (J. 
8oc. Dyers and Col. 1920, 42, 80) and Burr and 
Rowe (ibid. 1928, 44, 205). 

The outstancbngly important members of the 
group of lake dyestuffs in Table XXI are Nos. 4 
and 8. Lake dyes from 2-hydroxy-3-naphthoic 
acid include Lithol Rubine B from p-toluidine- 
m-sulphoiiie acid, and Lake Bordeaux B from 
Tobias acid (c/. Fierz, Erganzs., p. 07). There 
remains a group of azo lake dyestuffs ranging in 


Table XX. —Pigments : Nitroamtne-> Acetoacetarylamide. 


No. 

Trade name. 

Components. 

Notes. 

Diazo. 

Coupling. 

1 

2 

3 

4 

Hansa Yellow G 
Hansa Yellow 3G 
Hansa Yellow 5G 
Hansa Yellow lOG 

m-N itro-p-toluidine 
p-Chloro-o-nitroaniline 
o-Nitroaniline 
p-Chloro-o-nitroaniline 

Ace toa cetan i 1 i d e 
Acetoacctanilide 
Acetoacetanilido 
Acetoaeet-o- 
chloroanilide 

1 

1 

1 Curtis Nos. 30-34. 

1 Shades increasingly 
j greenish-yellow 

j 1-4. 


Table XXI.—Azo Lake Dyestuffs : Arylaminesulpiionic Acid (or Carboxylic Acid) 

^-Naththol. 


No. 

Trade name. 

Diazo component. 

Curtis No. 

Colour 

Index 

No. 

1 

Lake Red D (M.L.B.) 

Anthranilic acid 

206 

214 

2 

Lithol Red RMT 

m-Toluidinesulphonic acid (barium 
lake) 

190 


3 

Permanent Orange G 

3-Chloroaniline-6-sulphonic acid 

101 

156 

4 

Lake Red C (M.L.B.) 

2-Chloro-5-toluidino-4-sulphonic acid 

205 

105 

5 

Lithol Red GG 

2-Chloro-4-toluidine-5-8ulphonic acid 

! Fierz, 
Erganzs., 

p. 66 


6 

Permanent Red 6B 

p-Phenetidine-3-sulphonic acid 

255 

— 

7 

Lake Red P (M.L.B.) 

p-Nitroaniline-o-sulphonic acid 

208 

168 

8 

Lithol Red R 

2-Naphthylamme-1 -sulphonic acid 
(Tobias acid) 

225 

166 

1 
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Table XXII.—Azo Lake Dyestuffs : Amike -► Naphtholsulphonic Acid. 


No. 

Trade name. 

Components. 

Curtis 

No. 

Colour 

Index 

Diazo. 

Coupling. 

No. 

1 

Brilliant Orange 0 
(M.L.B.) 

Toluidine 

^-Naphthol-G-sulphonic acid 
(Schaffer acid) 

85 

63 

2 

Lake Ponceau 

(Bad.) 

m-Xylidine 

;3-Naphthol-3:6-diHulphonic 
acid (R-acid) 

22G 

79 

3 

Pigment Scarlet 

3B (M.L.B.) 

Anthranilic acid 

R-acid 

272 

21G 

4 

Brilliant Carmine 
L (B.D.C.) 

4:4'-Diamino-di- 

p-xylylphenyl- 

mothane 

(R-acid)2 

140 

357 

5 

Bordeaux B 

a-N aph thy laminc 

R-acid 

137 

88 

G 

Crystal Ponceau 

GB 

a-Naphthylamine 

G-acid 

198 

89 

1 

7 

Helio Bordeaux 

BL (By.) 

a-Naphthylamino 

a-Naphthol-5-sulphonic acid 

Fierz. 

ganzs. 

Kr- 
, p. GG 

8 

Anthosin Violet 

BB (Bad.) 

a-Naphthylamine 

l-Benzoylamino-8-naphthol- ^ 
4:6-disulphonic acid 1 

(Benzoyl-K-acid) j 

Curtis 

124 

Fierz, 

Nos. 

-]2(> 

Er- 

9 

Anthosin B (Bad.) 

m-Chloroaniline 

2:4-Dichlorob€'nzoyl-K-acid J 

giinzs., p. 07 


shade from orange to reddish-violet and derived 
from naphtholsulphonic acids of which some of 
the more frequently used are given in Table XXTI. 
Many of these have the same constitutions as 
monoazo acid wool dyes in Tables III and IV, 
or are closely related. Finally, the pyrazolone 
acid wool dyes of Table VI provide a short series 
of yellow lake dyestuffs. 

Almost all the azo pigments and lake dyestuffs 
described above are manufactured by numerous 
firms both in Great Britain and abroad. The 
names of the original makers have been retained 
or the brand marks have been appended to the 
firms’ characteristic trade names : “ Monolite ” 
and “ Monosol ” (I.C.I.), “ Permanent ” (A.), 
“ Lithol ” (Bad.), “ HeUo ” (By.), “ Pigment ” 
(M.L.B.). 

For a fuller description and discussion of 
organic pigments and lake dyestuffs the following 
should be consulted : Wagner, “ Die Korper- 
farben,” 1927 ; C. A. Curtis, “ Artificial Organic 
Pigments and their Applications,” translated by 
E. Fyleraan, Pitman, 1930 ; H. E. Fierz-David, 
“ Kfinstlicho organische Farbstoffe, Ergknzungs- 
band,” Springer, 1935. 

Miscellaneous Applications of Azo Com¬ 
pounds. —Azo dyes, specially manufactured in 
pure form, are employed to quite a considerable 
extent in the colouring of foodstuffs. The chief 
are Tartrazine, Oil Yellows and Oranges of 
the type of Oil Yellow D, anilineresorcinol 
(C.I. No. 23), and Oil Orange E, aniline->j3- 
naphthol (C.I. No. 24) ; the Ponceaux and 
Bismarck Brown. Several azo dyes are valuable 
indicators, especially Methyl Orange (p. 204), 
Methyl Red (anthranilic acid dimethylani- 
line), Brilliant Yellow (p. 221) and Congo 
Red (Table XIVb). Clayton Yellow (Primu- 
line Primuline) (C.I. No. 813) is a diazo¬ 
amino compound. A number have also 
acquired some importance on account of their 
application in biology or medicine, Aminoazo- 


toluene and its acetyl derivatives and aminoazo- 
toluene -> j8-naphthol have Jong been known for 
their value in promoting the growth of epidermal 
tissue, and Trypan Red (benzidine-3-monosuI- 
phonic acid (2-naphthy]amine-3:C-disiilphonic 
acidlgjand Trypan Blue (o-tolicline (H-acid) 2 , 
alkaline coupled) for their Trypanocidal value. 
More recent ap])lication8 arc of Neotropin (3- 
amino-6-butoxypyridine -> 2:6-diaminopyridine) 
as a urinary disinfectant and of Prontosil (p- 
aminobenzenesulphonamide -> m - phenylone - 
diamine) and Prontosil S (p-aminobenzene- 
sulphonamido -> 2-acetylamino-8-naphthol-3:G- 
disulphonic acid) against streptococci and 
staphylococci in the blood stream. 

Preparation and Manufacture of Azo 
Dyes.—In the simplest case, illustrated, for 
example, by Orange 2G, aniline G-acid (2- 
naphthol-6:8-di8ulphonic acid), aniline is di- 
azotised by dissolving the base in water with 
about 2J equivalents of hydrochloric acid, 
cooling the solution to 0°C. and then adding the 
theoretical quantity of sodium nitrite as an 
aqueous solution as fast as the diazotisation wiU 
proceed. The course of the reaction is followed 
by tests on starch-potassium iodide paper, care 
being taken that a definite excess of nitrous acid 
is maintained throughout until the final addition 
is made, which should just balance. In practice 
an exact balance is often very difficult to attain 
and it is preferable, especially when there is no 
possibility of reaction between nitrous acid 
and the coupling component, to use slightly 
more than the theoretical quantity so that the 
diazotisation finishes with a slight but definite 
reaction on starch-potassium iodide paper. The 
temperature is maintained at approximately 
0°C. throughout by additions of ice as necessary. 
Meanwhile the theoretical quantity of coupling 
component, G-acid in this case, is dissolved in 
water with the addition of sufficient sodium 
carbonate to give a solution neutral to litmus. 
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There is then added a further quantity of sodium 
carbonate sufficient to neutralise the excess 
acidity in the diazo solution together with the 
equivalent of hydrochloric acid that will be 
liberated during the coupling and still provide a 
small excess. The alkaline G-salt solution is 
cooled to about 15°C. and the diazo solution is 
added with constant stirring in a steady stream. 
The final mixture at the conclusion of coupling 
should be definitely alkaline to litmus paper. 
The conclusion of coupling and the accomplish¬ 
ment of a satisfactory balance of components is 
checked by bringing a spot of the solution on 
filter paper against solutions of diazotised 
aniline (or better a diazo solution less sensitive 
to alkali, such as that of p-chloroaniline) and of 
alkaline G-salt so that the rims of the spots run 
together. The completed balanced coupling 
gives no colorations at the junctions of the 
rims. A coloration at only one junction 
indicates a lack of balance which must be 
corrected by appropriate addition of one 
component. Colorations occurring at both 
junctions indicate that the coujding is still 
incomplete. To isolate the dyestuff, salt is 
added to the coupling licpior until a spot 
placed on filter paper is free from dissolved 
dyestuff and the precipitated colour is then 
filtered off and dried. Individual dyes caU for 
many variations in the detail of preparation 
even when the method just described is applic¬ 
able in principle. In any new case that 
arises it is necessary to determine by experiment 
the most satisfactory conditions in regard 
to volume, temperature, amount of acid and 
rate of addition of sodium nitrite for the 
diazotisation, and in regard to coupling the 
volume, temperature, the kind and amount of 
alkali (usually sodium carbonate, caustic soda 
ammonia or lime), and the rate of addition 
of diazo compound. Should the coupling com¬ 
ponent bo an amine instead of a hydroxy 
compound then the coupling will probably be 
best carried out in mineral or organic (acetic) 
acid acidity. Detailed examples of preparation 
of technical azo dyes are described by H. E. 
Fierz-David and L. Blangey, “ Grundlegende 
Operationen der Farbenchemie,” 4th Auf., 1938, 
Springer ; J. C. Cain, “ The Manufacture of 
Dyes,” 1922, Macmillan ; J. C. Cain and 
J. F. Thorpe, “ The Synthetic Dyestuffs and 
Intermediate Products,” revised edition by 
J. F, Thorpe and R. P. Linstead, 1933, Griffin. 

In the manufacture of azo dyes the diazotisa¬ 
tion and coupling reactions rarely proceed with 
theoretical efficiency. Impurities, therefore, 
arise and the process must be devised to favour 
innocuous impurities at the expense of those 
which, if they pass through to the isolated 
colour, will degrade the dyeing properties. For 
instance, the decomposition products of diazo 
compounds are frequently of a tarry nature and 
when present in the dyestuff may cause dulling 
of dyed shades and staining of acetate rayon 
effect threads ; the tendency to their formation 
is diminished by using a definite excess of coup¬ 
ling component. Many such adjustments have 
to be made. Apart from these, however, major 
modifications are necessary because com¬ 
ponents are not amenable to the simple methods 
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described above. Particularly is this the case 
in diazotisation. 

Special Methods of Diazotisation. —^Many 
of the amines employed do not dissolve in the 
dilute acid solutions described for the diazotisa¬ 
tion of aniline. Aminoarylsulphonic acids, for 
example sulphanilic and naphthionic acids, form 
sparingly soluble internal salts. Aminoazoaryl- 
sulphonic acids are frequently quite insoluble in 
water. Of another type are the feebly basic 
aromatic amines substituted by negative groups 
such as ^-nitroaniline, o-chloro-jo-nitroaniline, 
2:4-dinitroaniline, 2:5-dichloroaniline. The 
salts of these amines are hydrolysed under 
ordinary working conditions of diazotisation 
with resultant precipitation of the amine. For 
practical treatment both kinds of difficult amines 
fall into the same two groups, viz. those which 
will diazotise in suspension under the normal 
conditions of dilution and acid concentration, 
provided they are in a sufficiently fine state of 
division, and those which will not. Most of the 
sparingly soluble arylaminesulphonic acids and 
carboxylic acids and aminoazo compounds 
together with a number of the feeble bases 
fall into the first group, while the second group 
consists chiefly of the most heavily negatively 
substituted amines (see (/) below). The usual 
methods of handling the two groups are as 
follows : 

(a) The amine is brought into a fine state of 
division by mechanical means with or without 
the addition of dispersing agents. 

(b) The arylaminesulphonic acid (or carboxylic 
acid) or aminoazosulphonic acid is dissolved in 
water as sodium salt wdth caustic soda and re¬ 
precipitated by addition of acid. Sodium nitrite 
is then immediately added to the suspension. 

(c) The sodium nitrite is added to the solution 
of the sodium aminoarjdsulphonato and the 
mixed solution is run into hyclrochloric acid. 

(d) The amine is dissolved in an organic 
solvent miscible with water, e.ff. alcohol, and 
poured into water to give a fine suspension 
which can then bo diazotised directly. 

(e) The amine is dissolved in concentrated 
hydrochloric acid, if necessary with heating, 

I and the solution is then diluted with water to 
give a suspension that can be diazotised directly. 

(/) Diazotisation is carried out by means of 
nitrosylsulphuric acid. The dried amine is 
added gradually with stirring to raonohydrato 
sulphuric acid so that the temperature does not 
rise above about 30°C. When the amine has 
completely dissolved the theoretical quantity of 
dry sodium nitrite is added gradually and the 
clear solution is poured out on to a mixture of 
ice and water. It is sometimes necessary 
to stir the nitrosylsulphuric acid solution of the 
amine for a considerable time before drowning out. 

Certain of the feebly basic amines are not com¬ 
pletely diazotised even by this means. Modifica¬ 
tions of the nitrosylsulphuric acid method which 
will give complete diazotisation have been 
worked out by Hodgson and Walker (J.C.S. 
1933, 1620; 1935, 630) and by Schoutissen 
(J. Amer. Chem. Soc. 1935, 65; 4631, 4536). 
In Schoutissen’s method nitrosylsulphuric acid 
is added to a sulphuric acid solution of the 
amine and phosphoric acid is then run in. In 
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Hodgson’s method a glacial acetic acid solution 
of the amine is added to nitrosylsulphuric acid. 
This is a modification of an earlier method intro¬ 
duced by Misslin (Helv. Chim. Acta, 1920, 8, 
626). (For more detail concerning diazotisation, 
consult Cain, “ Chemistry and Technology of the 
Diazo-Compounds,” 1920, Arnold ; and Saun¬ 
ders, “ The Aromatic Diazo-Compoimds,” 1936, 
Arnold.) 

Certain amines do not react smoothly with 
nitrous acid to give diazo compounds, e.g. the 
o-aminonaphthols are oxidised to o-quinones. 
The important l-amino-2-naphthol-4-sulphonic 
acid, however, is smoothly diazotised in organic 
acid medium (acetic acid) in presence of copper 
or zinc salts with formation of the internal diazo- 
oxidc (B.P. 10235,1904 (Gy.) ; 23034,1905 (K.)). 
The o-phenylenediamines give azimino deriva¬ 
tives with nitrous acid. The diazo- and tetrazo- 
compounds of m- and p-diamines couple so 
readily with the undiazotised diamines that the 
products of the \isual diazotisation conditions 
are mixtures of aminoazo compounds, e.g. 
w-phenylenediamino gives Bismarck Brown. 
The tetrazo compounds can bo obtained by 
working very rapidly at low temperature, and a 
special film apparatus for the purpose is 
described by Heertjes, Kolb and Waterman 
(J.S.C.I. 1937, 56, 173T). In practice it is 
seldom necessary to make disazo dyes derived 
from m-phenylenediamino, but frequently re¬ 
quired to make them from p-phenylenediamine. 
The most convenient course and one which 
permits synthesis of unsymmetrical dyes is to 
diazotise the corresponding p-nitroamine or 
monoacetyl-p-diamine, couple with the chosen 
component, and then reduce the nitro group with 
sodium sulphide or hydrolyse the acetylamino 
group so as to obtain the p-aminoazo com¬ 
pound. This in turn can then be smoothly 
diazotised and coupled with the same or a 
different coupling component. The method is 
employed for such dyes as Columbia and 
Pluto Blacks (p. 223). 

Special Methods of Coupling. —The cir¬ 
cumstances requiring special choice of coupling 
conditions are broadly of two kinds, viz. (a) that 
the coupling component is capable of couialing 
with diazo compounds in other ways than 
that desired ; (b) that the coupUng is sluggish 
and possibly never completed under ordinary 
coupling conditions. In category (a) come the 
couplings of aniline, a-naphthylamino and the 
aminonaphthols and certain of their derivatives. 
Aniline gives not azo compounds but diazo¬ 
amino compounds on coupling. This is avoided 
by using, instead of aniline, sodium methyl- 
aniline-cu-sulphonate, obtained by reaction with 
formaldehyde and sodium bisulphite; after the 
completion of coupling the ca-methylsulphonic 
group is removed by acid or alkaline hydrolysis. 
a-Naphthylamine may cause difficulty because 
it does not couple solely in ^-position to the 
amino group, the essential coupling position 
when M is o-naphthylamine in disazo dyes, 
A M E. The proportion of o-position 
coupling depends upon the diazo component 
employed and to some extent upon the coupling 
conditions. To avoid occurrence of o-position 
coupling it has been proposed to use a-naphthyl- 


aminesulphamio acid in place of a-naphthyl- 
amine itself (B.P. 238683 (I.G.)). The most 
frequently employed aminonaphtholsulphonic 
acids couple with respect to the amino 
group or the hydroxyl group according to 
whether coupling conditions are acid or alkaUne, 
Usually no difficulty is met in obtaining a 
wholly hydroxy coupling, but to obtain a wholly 
amino coupling may require mineral acid 
acidity and the slow addition of the diazo com¬ 
ponent. 

The coupling of the final stage in dyes of 
formula A -> M ^ -> J-acid is often of low 

efficiency, and when is 2-alkoxy-l-naphthyl- 
amine or its 6- or 7-8ulphonic acids (alkoxy-Cleve 
acids) scarcely any coupling occurs under 
ordinary conditions. A satisfactory yield can 
bo obtained by coupling in the presence of 
pyridine (B.P. 248230 (I.G.)) or in aqueous 
acetone solution in the presence of ammonia 
(B.P. 374498 (I.C.I.)). Another exceptional 
case is afforded by Eriochrome Verdon S, 
chlorometanihc acid -vm-amino-p-cresol -> p- 
naphthol, in which an efficient monoazo coupling 
can only bo effected in the presence of thio¬ 
sulphates (B.P. 19303, 19304, 1909 (Gy.)). 

Plant for Manufacture of Azo Dyes.— 
The plant for the manufacture of azo dyes 
consists in its simplest form of a series of three 
vats arranged one above the other either 
vertically or in stepwise fashion. Each is pro¬ 
vided with agitator, inlet pipe for steam, water 
feed pipe, and outlet pipe with stopcock ; the 
bottom tub communicates with a filtration unit. 
The vats may be made of pitch-pine or of steel 
lined with rubber or tiles. The latter are 
valuable in the manufacture of dyes of delicate 
shade. A unit comprising vats of 500 gallons, 
1,000 gallons and 2,000 gallons capacity is 
capable of producing 1,000-1,500 lb. of standard 
colour per batch. The manufacture of polyazo 
dyes may require the isolation of intermediate 
stages and therefore additional filtration units 
as well as the use of a unit comprising a larger 
number of vats. The required heating and 
cooling are normally carried out by direct steam¬ 
ing and by direct addition of ice respectively. 
For the latter a chute is provided which may also 
be used for the addition of the largo mass of 
common salt required in many cases to precipi¬ 
tate the dye from the coupling liquor. The 
simple plant outlined will require to be supple¬ 
mented in the case of those dyes which cannot 
be made by the normal methods of diazotisation 
and coupling. Thus the use of amines which 
demand the nitrosylsulphuric acid method of 
diazotisation requires the provision of an 
enamelled iron vat or vat of other resistant 
material for this stage of the process. Some 
diazo solutions or even the finished dyestuffs 
are very sensitive to metals, which may therefore 
require to be rigidly excluded from all exposed 
parts of the plant. Mordant azo dyes, as 
might be expected, frequently exhibit this 
susceptibility. Azo dyes vary considerably in 
their stability to heat, especially in the paste 
condition, and the drying temperatures employed 
vary accordingly over a range of approximately 
60-120®C. The final stage in manufacture is 
standardisation, which is effected by intimate 
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mixing with the required quantity of common 
salt or calcined Glauber’s salt to reduce the 
bat(^h colour to standard strength. 

Analysis and Identification of Azo Dyes. 
—See separate article on identification of dyes 
{v. Dyeing, pp. 147-175); also Rowe and Levin, 
J. Soc. Dyers and Col. 1921, 37, 204 ; 1924, 40, 
218 ; Palkin and Wales, J. Amcr. Chem. Soc. 
1924,46,1488 ; Forster and Hanson, J. Soc. Dyers 
and Col. 1926, 42, 272 ; Engel, J. Amer. Chem. 
Soc. 1929, 61, 2986 ; Clayton, J. Soc. Dyers and 
Col. 1937, 53, 178 ; and Brunner, “ Analyse der 
Azofarbstoffe,” Berlin, Julius Springer, 1929. 
The chromatographic method of analysis is 
valuable for detection of impurities, for prepara¬ 
tion of pure specimens of dyes and for separation 
of mixtures of dyes (Ruggli and Jensen, Helv. 
Chim. Acta, 1935, 18, 624 ; 1936, 19, 64). An 
accoimt of the method with summary of 
references is given by Cook, J.S.C.1.1936,55,724. 

For quantitative estimation the titanometri(5 
method worked out by Knecht is invaluable and 
is applicable to the great majority of azo dyes. 
A detailed account is given in Knecht and 
Hibbert’s “ New Reduction Methods in Volu¬ 
metric Analysis,” 2nd edit., 1925, Longmans. 
For additional reduction methods that can be 
employed in analysis, see General Reactions, 
Action of Reducing Agents, X). 194d. 

M. L. 

DYMAL. Trade name for didymium 
salicylate, a non-irritant and antisexAic dusting 
jxiwder (A. Engclmann, Miinch. mod. Woch. 
J9J5, 62, 1010; Pharm. Monatsh. 1920, 1, 162). 

DYNAMITE. Owing to the serious acci¬ 
dents which attended the transport of nitro¬ 
glycerin when conveyed either in the liquid or 
frozen condition, Nobel investigated the iiossi- 
bility of adding substances W’hicli would render 
its conveyance and use safe without aj^x^reciably 
affecting its explosive prox^erties. 

At first charcoal was used as an adsorbent 
and subsequently other materials were tried, 
but eventually Nobel found that the most 
suitable substance for retaining the nitro¬ 
glycerin was kiesclguhr. The term “ dyna¬ 
mite ” has now a more general significance, 
being ax^plied to many mixtures containing 
nitroglycerin with other substances both inert 
and active which adsorb and retain nitro¬ 
glycerin under ordinary conditions. 

Dynamites with an Inert Base 
(Kieselguur). 

Dynamite No. 1.—This is the simplest form 
of the explosive and consists of from 70 to 80%, 
usually 75%, of nitroglycerin with 20-30% 
of kieselguhr. In order to neutralise any 
acidity which might bo formed by the decom¬ 
position of the nitroglycerin during storage 
small amounts, up to 2%, of the carbonates of 
magnesium or calcium are sometimes added. 

Manufacture, —The kieselguhr, or as it is 
commonly called “ guhr,” which should be of a 
high quality, is first calcined in order to remove 
water and organic matter. After roasting, 
which should not be carried out at too high a 
temperature, otherwise the adsorbency will be 
l^eduoed, the material is sifted to remove coarse 


gritty particles. It is then x)acked in canvas bags 
and used as soon as possible, sinct^ dry kiesel- 
gubr is distinctly hygroscox)ie. 

The kieselguhr is weighed out into metal lined 
boxes or rubber bags and the requisite quantity 
of nitroglycerin is added. The containers are 
then conveyed to the mixing house, where the 
contents are emptied into load lined tanks and 
given a preliminary mixing by means of wooden 
shovels or by hand. The mass, which consists 
of coarse lumps, moist and dry particles, is 
then rubbed through a coarse screen, having 
about 3 meshes to the inch, and afterwards 
through a finer sieve with 7 meshes to the inch, 
in order to obtain the requisite state of sub¬ 
division and homogeneit}^ 

The dynamite should then be loose and 
crumbly in the form of plastic grains, and in 
no case must the mass appear to be distinctly 
moist. 

If the kieselguhr is too adsorbent the mixture 
will be too dry for pressing, and in this case a 
small quantity (uj) to about 8%) of barium 
sulphate or sometimes mica, talc or ochre is 
used to rej>Iace an equal amount of kieselgulrr. 

Manufacture of Cartridges .—Dynamite is 
invariably used in the form of cartridge's, 
usually about of an inch in diameter and 
about 4-5 in, Jong, containing about 2 oz. 
of the exjdosive. In Europe the JilJing of the 
cartridges is generally eflcc'ted by small machines 
worked by hand, but in America X)ower-driven 
machines capable of dealing with upwards of 
40,000 lb. of cx])J()sive daily are in use. The 
hand cartridge machine consists of a brass or 
wooden plunger working vertically between 
two guides, motion being imparted by means 
of a horizontal lever. The end of the plunger 
is shod with lignum vitas or ivory. The lower 
X)ortion of the jillinger works in a thin brass tube 
of the same diameter as the finished cartridge. 
The upper end of the tube forms the apex of an 
inverted cone or hopper of soft leather having a 
cajiacity of about 1 lb. of dynamite. In the 
manufacture of the cartridges the loose dynamite 
is fed into the hopx>er with a wooden scoop and 
the iJunger worked up and down by means of 
the lever. Each ujiward stroke throws some of 
the pow'der into the brass tube, whence it is 
forced by the ensuing downward stroke into the 
paper wrajiper at the lower end of the tube. 
The oxieration is rexieated until the cartridge is 
of the desired length, when it is removed and the 
upper end of the paper folded over. 

The paper wrappers consist of parchment or 
waxed paper, the latter being preferable as it is a 
more effective protection against moisture. 

The operation of making these cartridges is a 
dangerous one and every care must be taken to 
avoid undue friction in the machine. On no 
account should any attempt be made to make 
cartridges from the frozen exjilosive, and work 
should be 8usx>ended if the temperature near the 
machine falls below 50°F. 

Properties ,—Kieselguhr dynamite is a reddish- 
yellow or, if it has been coloured with ochre, 
a deep reddish-browm crumbly mass. It is 
slightly compressible, and this proxierty renders 
it safe from detonation by ordinary shocks. 
The apparent density when in the form of 
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cartridges is about 1*0, but the true density is 
J-77, 

Dynamite is not hygroscopic, but in actual 
contact with water the nitroglycerin is dis¬ 
placed ; its use, therefore, in wet bore holes is 
attended with some danger, as the exutied nitro¬ 
glycerin may in certain conditions escape into 
fissures and not be detonated with tlie main 
charge. In these circumstances accidents are 
liable to occur, as such nitroglycerin may bo 
subsequently exploded mechanically if further 
drilling takes place in the vicinity. 

Dynamite loses little, if any, nitroglycerin 
during storage when packed in the form of 
cartridges. On the other hand, if exposed in a 
thin layer at a temperature of 40‘^C. a con¬ 
siderable amount of the nitroglycerin volatilises 
and according to Dess the whole of it evaporates 
in 100 hours at a temperature of 70“C. 

Effect of Heat .—Whezi unfrozen dynamite is 
ignited, the nitroglycerin burns quickly with a 
yellowish flame, nitrous fumes being evolved. 
Largo quantities can thus be burnt without 
detonation, but eventually the unburnt portion 
becomes heated to such an extent that explosions 
may occur. It can be safely destroyed by 
igniting it after mixing with oil and laying out 
in the form of a thin train. 

If a small quantity is gradually heated it 
deflagrates at about 180°C., but if the temperature 
is raised at the rate of about 20‘^C. per minute, 
explosion occurs at about 195-20()'^C. 

Sensitivity .—Dynamite is highly sensitive to an 
initial explosive impulse, even a No. 1 detonator 
being sufficient to cause comx)lete detonation. 
It is less sensitive to shock than nitroglycerin; 
the sensitiveness increasing with the nitro¬ 
glycerin content and the temperature. It is 
exploded by the shock of iron on iron or of iron 
on stone, but not by that of wood on w'ood. 

According to Will (Z. gcs. Schiess- u. iSpreng- 
stoffw. 1914, 9, 52), a 2 kgm. weight falling 
7 cm. is sufficient to cause explosion when the 
explosive is confined between steel surfaces. 
Erozen dynamite is much less sensitive, a fall of 
25 cm. being required to produce explosion 
under the same conditions. 

In the unfrozen state it is readily detonated, 
according to Bcrthelot (“ Explosives and their 
Power,” 1892, p. 4;}8), by the shock of a rifle 
bullet when fired at a distance of 50 yards and 
even more. However, the sensitiveness to 
ordinary shock is not very high, especially 
if it is made up into cartridges, as the plastic 
mass is able to resist a considerable amount of 
concussion without exploding. According to 
Naoum (“ Nitroglycerin and Nitroglycerin 
Explosives,” translated by E. M. Symmes, 
London, 1928, p. 276), whole boxes of dynamite 
have been thrown from heights of from 90 to 
120 ft. without causing explosion of the contents. 

Velocity of Detonation .—According to Daut- 
riche (Compt. rend. 1906, 143, 641), the velocity 
of detonation of Dynamite No. 1 at a density of 
1*62 is 6,800 m./sec. Kast gives 6,650 m./sec. at 
a density of 1‘5. The velocity of detonation 
reaches its maximum at a density of about 1*6, 
and above or below this figure it decreases 
rapidly. 

Explosive Power ,—^Dynamites with an inert 


adsorbent are naturally less powerful thaii pui’e 
nitroglycerin and give even lower explosive 
power than would be expected from their nitro¬ 
glycerin content owing to the heat developed 
being distributed between the decomposition 
products and the base. According to Naoum 
Nitroglycerin and Nitroglycerin Explo¬ 
sives ”), if 10 g. of nitroglycerin are exploded 
in a lead block an expansion of 630 ml. is 
obtained, whereas if a similar amount of this 
explosive is mixed with 3-4 g. of kieselguhr, 
the explosion causes an e.xpansion of only 
540 ml., a reduction of 14%. 

Temperature and Heat of Explosion .—As would 
be expected, the temperature of the explosion of 
guhr dynamite is somewhat below that of 
nitroglycerin, being, according to Escales 
(“ Nitroglycerin iind Dynamit,” Leipzig, 1908, 
p. 241), about 3,000°C5., whereas Brunsing 
(“Explosives,” translated by Munroe and Kibler, 
1912, p. 152) gives 3,160°C. and Kast (“ Spreng- 
und Zundstotle,” Braunschweig, 1921) 3,420"C. 

On explosion 1 kg. of dynamite evolves, 
according to Escales, 1,170 kg.-cal. with water 
as vapour, whereas Kast gives 1,090 kg.-cal. 

Sympathetic Detonation .—Naoum states that 
dynamite cartridges having a diameter of 
30 mm. can propagate detonation over a space 
of 30 cm. between the cartridges. 

Stability .—If guhr dynamite is made, from 
fully stabilised nitroglycerin it can be stored 
for prolonged periods without undergoing any 
appreciable change. Marshall (“ Explosives,” 
London, 1917, 1, 360) states that dynamite 
which had been stored at Aden for a number of 
years show'ed no signs of instabifity. 

Frozen Dynamite .—Dynamite freezes more 
readily than nitroglycerin, usually at about 4°C. 
When frozen it burns very slowly, but if a 
comparatively small heap of cartridges is 
ignited, explosion frequently ensues. The 
frozen explosive is not exploded by the ordinary 
detonator and requires a very powerful impulse 
by a brisant explosive to cause detonation. 
8ince dynamite in the frozen condition is almost 
useless for ordinary blasting purposes it must 
be thawed before use. Thawing is carried out in 
special heating pans in which the vessel contain¬ 
ing the dynamite is surrounded by a jacket 
containing w^arm water at a temperature not 
exceeding 70^0. The jacket itself is covered 
with felt or other similar non-conducting material. 
When a cartridge of dynamite has once been 
frozen it has a greater tendency to freeze again 
without any super-cooling. This is probably 
due to the separation of pure nitroglycerin 
from its impurities during the first freezing 
and only very slow re-admixture after thawing. 

Erozen dynamite is less sensitive to mechanical 
shock than the plastic form, but according to 
Hess (“ Mittheilungen fiber Gegenstande des 
Artillerie- und Genie-Wesens,” 1876, p. 213), 
when in the half-frozen or in the transition stage 
it is more sensitive. 

Dynamites with an Inert Base other 
THAN Kieselguhr. 

Vonges Dynamite. —This is a French type of 
dynamite in which kieselguhr is replaced by 
randannite, a material formed by the weathering 
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of felspar, together with, in some instances, the 
addition of adsorbent silica. 

No. 1 Vonges dynamite contains 75% nitro¬ 
glycerin, 20*8% radanite, 3-8% silica and 0*4% 
magnesium carbonate. 

No. 2 consists of 50% nitroglycerin, 48% 
silica, 1*5% calcium carbonate and 0-5% ochre. 

In Spain, mica is sometimes used as an 
adsorbent, the product containing 42% of nitro¬ 
glycerin. 

Dynamites with an Active Base. 

“Straight” Dynamites. —Guhr dynamite, 
when first introduced, was used in very large 
quantities, but although there is still a con¬ 
siderable demand for this form of the explosive 
it has been replaced to a great extent by 
dynamites containing active ingredients. Mix¬ 
tures consisting essentially of nitroglycerin, 
sodium nitrate and carbonaceous materials are 
known in America as “ straight ” dynamites 
and are rated ac<;ording to their nitroglycerin 
content, which may range from 15 to 60%. 
This type of explosive has high sensitivity, 
good keeping qualities and high disruptive 
or shattering power. 

According to Hall and Howell (U.S. Bur. of 
Mines, Bull. No. 48, 1913, 7), the percentage 
compositions of typical American “ straight ” 
dynamites are as follows : 

StrengUi 15% 25% 35% 45% 55% 
Nitroglycerin . . . . 15 25 35 45 55 

Combustible material . 20 18 10 14 15 

Sodium nitrate . . .04 50 48 40 29 

Calcium or magnesium 

carbonate .... 1 1 I 1 1 

The combustible material in the grades below 
40% consists of w ood pulp, flour and Hul])hur, 
but w^ood pulp only is used in the higher grades. 

Ammonia Dynamites. —A further modifica¬ 
tion of the explosive is known as ammonia 
dynamite, in which part of the nitroglycerin is 
replaced by ammonium nitrate, an appreciable 
amount of sodium nitrate also being used. 

The following table (Hall and Howell, l.c.) 
gives the percentage composition of typical 
American explosives of this class : 


strength 

30% 

35% 

40% 

50% 

60% 

Nitroglycerin . . . . 

15 

20 

22 

27 

35 

Ammonium nitrate . 

15 

15 

20 

25 

30 

Sodium nitrate . 

51 

48 

42 

36 

24 

Combustible material 

18 

16 

15 

11 

10 

Calcium carbonate or 






zinc oxide .... 

1 

1 

1 

1 

1 


The combustible material, is similar in com¬ 
position to that used in “ straight ” dynamites. 

Typical French ‘‘ ammondynamites ” have 
the following percentage compositions : 


No. 1. No. 2. No. 2a. 


Nitroglycerin .... 

40 

20 

22 

Ammonium nitrate 

45 

75 

75 

Sodium nitrate 

5 

— 

— 

Wood or cereal meal . 

10 

5 

_ 

Charcoal. 

— 

— 

3 
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Ammonia dynamites have the advantage of 
being relatively low in cost. Their disruptive 
effect, however, is somewhat less than that of 
“ straight ” dynamites, and owing to their poor 
water-resisting properties they are not suitable 
for very wet or for submarine operations. 

According to Tolch and Perrott (U.S. Bureau 
of Mines, Kept. Invest. Serial 2975 (1929)) the 
ammonia dynamites produce a smaller volume 
of poisonous gases than the “ straight ” type, the 
quantity increasing with the grade of the 
explosive, particularly in the case of the latter 
variety. Manufacturing difficulties prevent the 
use of the most suitable oxygen balance for 
“ straight ” dynamites with high nitroglycerin 
content, the deficiency in oxygen (;au8ing the 
production of a relatively large amount of 
poisonous gases on explosion. 

Both “ straight ” and ammonia dynamites 
have the disadvantage of being hygroscopic, 
the latter being the more objectionable in this 
respect. If sufficient moisture is adsorbed to 
form a partial solution of the nitrate a certain 
amount of the nitroglycerin exudes and the 
cartridges become dangerous to use. For 
this reason, these forms of dynamite have not 
been authorised for use in FIngland. 

Gelatine Dynamites. —^A further class of 
dynamites known as gelatine dynamites is 
manufactured on a very large scale. In this 
type the nitroglycerin is gelatinised by means of 
nitrocellulose, the resulting product being some¬ 
times known as “ gelatine.” The other in¬ 
gredients such as potassium nitrate, wood meal, 
etc., are called the “ dope.” A small quantity, 
about ()-2-0*4%, of chalk is sometimes added 
in order to neutralise any acid which may be 
present or formed during storage. Some 
authorities state that sodium carbonate is used 
as a neutraliser, but this material is unsuitable 
as, owing to its strongly alkaline properties, it 
would tend to saponify the nitroglycerin. 

Gelatine dynamites are distinguished by their 
high density, plasticity, water-resisting qualities 
and relatively low production of poisonous 
gases. They are extensively used in wet bore 
holes and in submarine work. 

Manufacture .—The process of manufacture 
of the ” gelatine ” is similar to that used in 
making blasting gelatine {g.v.). As soon as the 
nitroglycerin is sufficiently gelatinised the 
” dope ” is shaken in and the whole thoroughly 
incorporated in the mixing machine. 

It is important that the dope should be in a 
I fine state of division and well mixed in order to 
obtain the maximum explosive effect. The 
thorough grinding of the saline ingredients also 
increases their effectiveness in assisting the 
retention of the nitroglycerin, but the adsorptive 
capacity of wood meal is reduced if the material 
is too finely divided. After suitable grinding, 
the components of the dope, apart from any 
perclilorate which is added directly to the mixer, 
are thoroughly incorporated by means of lignum 
vitsB balls in a mixing drum. 

The finished explosive is converted into cart¬ 
ridges in a similar manner to that employed for 
blasting gelatine. 

Composition .—The percentage composition of 
typical American gelatine dynamites according 
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to Hall and Howell (U.S. Bureau of Mines, 
Bull. No. 48 (1913)) is as follows ; 

Strength 30% 40% 55% 00% 70% 

Nitroglycerin . . 23 0 33-0 46-0 50-0 60-0 

Nitrocellulose. . 0*7 1*0 1*7 1*9 2-4 

Sodium nitrate . 62-3 52-0 42-3 38 1 29 G 
Combustible 

material. . . 13-0 13-0 9-0 9-0 70 

Calcium carbonate 1-0 1*0 1*0 1*0 1*0 


The combustible material in the G0% and 70% 
strengths consists of wood pulp. In the lower 
grades sulphur, flour and wood pulp are used. 

According to Chalon, French gelatine dyna¬ 
mites have the 
position: 


Nitroglycerin . 
Collodion cotton . 
Potassium nitrate 
Sodium nitrate . 
Cellulose . 
Magnesia . 


following percentage 

com- 

V . 

O) ^ ^ 

S'Bt 

c; 

O 

pq 

.S^ 

o 

ej 

fq 

o 

B 

ea 

c9 

S 

iS'S 

sS 

eSTJ 
qj o 

1 

o 

82-83 

64 

57^5 

49 

58 

5-6 

3 

2*5 

2 

2 

9-10 

— 

320 

36 

28 

— 

24 

, — 

— 

— 

2-3 

8 

8 

13 

12 

— 

1 

— 

— 

— 


In England the standard gelatine dynamite 
contains nitroglycerin 74-5%, collodion cotton 
5*5%, wood meal 4%, potassium nitrate 15*5%, 
calcium carbonate and moisture 0‘3%. A widely 
used milder form of the explosive known as 
gelignite has the following composition : nitro¬ 
glycerin 60*6%, collodion cotton 4-5%, wood 
meal 7%, potassium nitrate 27%, calcium 
carbonate 0*2% and moisture 0-8%. 

Ammonia-Gelatine Dynamites.—In this 
type of dynamite part of the nitroglycerin is 
replaced by ammonium nitrate. Typical 
American compositions are as follows (TokF and 
Perrott, U.S. Bur. Mines, Kept. Invest. 2975): 


Strength 30% 40% 50% C0% 80% 

Nitroglycerin . . 22-9 26*2 29*9 35-3 38-3 

Nitrocellulose . . 0*3 0-4 0-4 0*7 0*9 

Sulphur . . . . 7*2 5*6 3-4 — — 

Ammonium nitrate 4-2 8-0 13*0 20-1 34*7 

Sodium nitrate . . 54-9 49*6 43*0 33*5 19*1 

Combustible material 8*3 8*0 8*0 7*8 4*3 

Ant-acid .... 0*7 0-8 0-7 0*8 0-9 

Moisture.... 1-6 1*4 1*6 1*7 1*8 


Low- or Non-Freezing Dynamites.—One 
of the chief objections to the use of ordinary 
dynamites is their tendency to freeze at 
relatively high temperatures. When in the 
frozen condition they are very difficult to 
detonate and must be thawed before use. In 
order to overcome this disability it is the 
practice to lower the freezing-point of the nitro¬ 
glycerin by substituting a part of it with such 
substances as aromatic nitro-compounds, di- 
nitroglycerin, dinitrochlorohydrin, nitro- 
glycol, etc. 

Dynamites in which the explosive “ oil ** 
consists of 60-70% nitroglycerin and 40-30% 
dioitroglycerin are difficult to freeze, and can be 
thawed at relatively low temperatures. The j 
admixture of dinitroglycerin somewhat reduces i 
the strength of the dynamite, but the effect is 
not very pronounced, a mixture of equal parts I 


of dinitroglycerin and nitroglycerin producing 
a d 3 mamite which is only about 10% weaker 
than one which has been prepared with a 
similar quantity of nitroglycerin alone. 

The use of dinitrochlorohydrin to render 
dynamite non-freezing was patented by the 
Deutsche Sprengstoff A.-G. (G.P. 183400). 

According to Naoum, if mixtures of 20-30% 
dinitrochlorohydrin and 80-70% nitroglycerin 
are cooled to a temperature of about 
—18®C., and seeded with a crystal of nitro¬ 
glycerin, after several days the nitroglycerin 
component finally crystallises out, whereas the 
dinitrochlorohydrin remains liquid throughout 
the mass. Cartridges containing nitroglycerin 
with 20% of dinitrochlorohydrin when frozen 
in this manner could be thawed at 0°C. When 
25% of dinitrochlorohydrin was present the 
cartridges were still soft at --3°C. In actual 
practice it has been found that the replacement 
of about 30% of the nitroglycerin by dinitro- 
chloroliydrin renders dynamites non-freezing 
except in abnormally cold climates. 

Dinitrochlorohydrin is itself a powerful 
explosive and its substitution for a portion of 
the nitroglycerin does not appreciably affect the 
explosive power of the dynamite. Naoum 
found that the replacement of 19% of nitro¬ 
glycerin by a similar amount of dinitrochloro¬ 
hydrin in a gelatine dynamite only reduced the 
strength, as determined by the lead block test, 
by about 4%. 

Liquid nitro-derivatives of toluene, e,g, a solu¬ 
tion of 20 parts of trinitrotoluene in 80 parts 
of liquid mctadinitrotoluene, have also been 
used in the production of low-freezing dyna¬ 
mites, and explosives of this type have been 
patented by Verge (Swiss P. 66131, 66511). A 
typical explosive of the Verg6 type has the 
following composition: nitroglycerin 38%, 
liquid nitro- compounds 16%, collodion cotton 
2%, sodium nitrate 18%, ammonium per¬ 
chlorate 26%. A dynamite of this type has a 
density of about 1-5, is readily detonated and 
has a high explosive power. 

Low-freezing dynamites are also produced by 
substituting a portion of the nitroglycerin by 
nitroglycol, a liquid explosive having a freezing- 
point of —22°C. It is as powerful as nitro¬ 
glycerin and, apart from its greater volatility, 
resembles it closely in other respects. The 
substitution of nitroglycerin by this explosive 
can therefore be made without otherwise altering 
the composition of the dynamite; the usu^ 
percentage of nitroglycol in the explosive “ oil ** 
is about 25%. 

The volatilisation of nitroglycol from gelatin¬ 
ised dpiamites is discussed in H.M.I. of E. Re¬ 
ports Nos. 52 and 64, in which experiments are 
quoted which showed that such explosives, when 
contained in parchment paper wrappers which 
had been dipped in paraffin wax, lost a con¬ 
siderable amount of dinitroglycol even when 
stored at ordinary temperatures. 

According to Perrott and Tiffany (U.S. Bur. 
Mines, Kept. Invest. Serial 2936 (1929)), the 
addition of dinitroglycol tends to increase the 
rate of detonation and to slightly increase the 
sensitiveness to detonation. The unit deflective 
charge as measured by the ballistic pendulum 
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and the limit charge are, however, practically i 
unaffected. 

Properties ,—Gelatine dynamites are cohesive, 
plastic masses which can bo kneaded and shaped; 
those with a high nitroglycerin content resemble 
blasting gelatine. The degree of plasticity I 
depends upon the quality of the collodion cotton ! 
used and also upon the nature of the combustible | 
and saline ingredients. 

The density varies between 1-5 and 1*8. 
Ordinary 65% gelatine dynamite has a density 
of 1-52-1-55, whereas that of 40% dynamite 
containing a high proportion of saline ingredients 
is about 1-7. 

The sensitiveness of gelatine d 3 maraito to 
shock or blows is similar to that of blasting 
gelatine and guhr dynamite. According to 
Will (v. Escales, op. cit., p. 253) 65% gelatine 
dynamite detonates with the impact of a 2 kg. 
weight falling from a height of 17 cm., but 
Lenze {v. Escales, op. cAl.. p. 253) stated that 
explosions may occasionally oc(!ur with a fall of 
only 5 cm. 

Gelatine dynamites are relatively stable 
towards moisture, but tlieir h 3 ^groseo])icity is 
largely afleoted by their content of gelatinised 
nitroglycrcrin, which increases their resistance 
to the adsorption of moisture, and by the nature 
of the saline ingredients. Dynamites containing 
ammonium nitrate require the use of paraffined 
paper wrapj)er8 and waterproof containers in 
order to prevent ingress of moisture. 

On storage, gelatine dynamites tend to 
become less sensitive to detonating agents, 
especially if stored at somewhat elevated 
temperatures. This decrease in sensitivity has 
been attributed to loss of air from the cartridges. 
Nauckhoff (Z. ges Schiess- u. SprengstofFw. 
1931, 26, 45) when investigating this problem 
exposed samples of “ extra ” dynamite, in which 
20 % of the nitroglycerin had been replaced by 
nitroglycol, in a vacuum for various periods 
and made determinations of the final air content, 
specific gravity, loading density, detonation 
velocity and power of transmission of detona¬ 
tion. It was found that exposure to a high 
vacuum rapidly reduced the air content with a 
consequent increase in density. After vacuum 
treatment for periods of 1 minute and 15 minutes 
the density increased from 1-376 to 1-56 and 1-58 
respectively, whilst the air content was reduced 
from 8-5 ml. per 100 g. to 0-6 and 0-3 ml. In 
both these cases the explosive failed to detonate, 
but in one experiment where a freshly prepared 
cartridge was used, after its density had been 
raised from 1-38 to 1-5 by treatment in vacuo, 
the velocity of detonation was found to be only 
1,500 m./sec., whereas the untreated material 
gave 6,800 m./sec. 

The brisance, as determined by the Hess 
method, was found to be greatly decreased by 
the vacuum treatment. 

Investigations were made in order to determine 
the relationship between reduction of air content 
and time of storage. It was found that a high 
temperature has a marked effect, the explosive 
being rendered more plastic, thus allowing the 
air to escape more easily. The gelatinising 
power of the nitrocellulose is also an important 
factor in the “ ageing ** of gelatine d 3 rnamite 8 . 


The development of insensitiveness of these 
explosives on storage has been investigated by 
Mann and Keston in Australia (Report on the 
Development of Inertness of Industrial Explo¬ 
sives of the Nitro-compound Class), who also 
found that an increasing density was accom¬ 
panied by a decreasing rate of detonation. 

General. 

Tolch and Perrott (U.S. Bur. Mines, Ropt. In¬ 
vest. Serial 2975 (1929)) have carried out a com¬ 
prehensive investigation in connection with 
dynamites with regard to their propulsive 
strength, rate of detonation and also the 
quantity and composition of the gases evolved on 
detonation. From the data obtained it is con¬ 
cluded that, as determined by the ballistic pen¬ 
dulum method, “ straight ” dynamites are the 
most powerful calculated on a weight basis ; 
ammonia, gelatine atid ammonia - gelatine- 
dynamites following in the order named. 

The difference in propulsive power is less 
than the difference indicated by the rated per 
cent, strength, h^or example, a 40% “ straight ” 
dynamite only develops 14% greater propulsive 
power than a 20% dynamite of the same 
type. 

The “ weight strength ” of an explosive does 
not take into account the density, an important 
factor in the efficient use of explosives. The 
above investigators state that the order of 
decreasing strength on a volume or bulk basis is 
gelatine, ammonia-gelatine, “ straight and 
ammonia dynamite. The difference in ** bulk 
strength ” between the weakest and strongest 
common dynamites was about 45%, two volumes 
of 20% ammonia dynamite being equal to one 
volume of 100% blasting gelatine (91% nitro¬ 
glycerin, 7-9% nitrocotton and 1-1% moisture 
and carbonaceous combustible matter). The rate 
of detonation was found to increase uniformly 
with the rated strength ; in the case of 
“ straight ” and ammonia dynamites the increase 
being about 500 m./sec. for each increase of 10% 
in grade. Firing in galvanised iron tubes as 
compared with paper containers apparently had 
the effect of raising the rate of detonation about 
500 m./sec. 

With regard to the production of carbon mon¬ 
oxide, ammonia-gelatine and gelatine dynamites 
were found to produce the smallest and the 
“ straight ’’ type the largest quantities. For 
each type the quantity of carbon monoxide 
produced increased with the rated strength. 

Testing.— Moisture .—2 g. of the explosive 
are spread out as evenly as possible on a 3-in. 
watch glass and kept for 3 days in a desiccator 
containing sulphuric acid. It is then reweighed, 
and the loss in weight is regarded as moisture. 
The results thus obtained tend to be somewhat 
high owing to the presence of volatile com¬ 
pounds in the dynamites. 

Abel Heat Teat. —1£ guhr dynamite is sub¬ 
mitted directly to this test it reacts in a much 
shorter time than the nitroglycerin used in its 
manufacture. According to Naoum this is due 
to the greater surface of the nitroglycerin 
in the loose dynamite allowing increased 
vaporisation of the former, the dissociation of 
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the vapour at the temperature of the test 
affecting the test paper. 

In carrying out this test, therefore, the nitro¬ 
glycerin is first separated from the dynamite by 
treatment with water as follows: About 20 g. 
of dynamite in a finely divided state are placed 
in a funnel 5 cm. in diameter which has 
previously been plugged with some freshly 
ignited asbestos. The surface is smoothed by 
means of a flat-headed glass rod or stopper and 
some well-washed and dried kieselguhr spread 
over it to the depth of about J in. Water is 
then carefully dropped on the kieselguhr, and 
when the first portion has been adsorbed a 
further quantity is added. This operation is 
repeated until sufficient nitroglycerin for the test 
has collected in the graduated measure below. 
If any water passes with the nitroglycerin it 
should be removed with a piece of blotting 
paper and the explosive, if necessary, passed 
through a dry filter paper. 

3-25 g. or 2 ml. of the nitroglycerin are then 
introduced into a test tube in sueffi a manner as 
not to contaminate the side of the tube, and the 
test is then carried out in the usual manner, at a 
temperature of 71 • 1°G. The nitroglycerin should 
not produce the standard tint in less than 
16 minutes. 

Non-Oelatinised Dynamites from which the 
Nitroglycerin cannot be expelled by Water .— 
With this type of dynamite, 3*2 g. are trans- 
transferred to the heat-test tube and pressed 
down to a height of 3 cm. by means of a flat- 
headed glass rod. The tost is carried out at 
71*1°C., and the standard tint should not be 
produced in less than 7 minutes. 

Abel Heat Test for Gelatine Dynamites .— 
3*25 g. of the sample are weighed out and 
incorporated with 6*5 g. of French chalk by 
means of a Wedgwood pestle and mortar, care 
being taken to avoid any undue friction. The 
French chalk must be of good commercial quality, 
containing approximately 0*5% of moisture. 
The fineness of the material is to be such that 
it will pass, without rubbing, through a 0-076 
mm. wire sieve of 6,400 meshes per sq. cm. It 
should not absorb more than 0-5% of water 
after being dried at 100°C. until constant in 
weight and then exposed to a saturated atmo¬ 
sphere at 15-20°C. for 24 hours. It should 
have an apparent density of about 0*5, and 
contain less than 0*1% of soluble alkali cal¬ 
culated as calcium carbonate. When warmed 
with dilute hydrochloric acid it must give off 
not less than 0*25% or more than 1*0% of 
carbon dioxide. Before use it is washed with 
water, dried at 66-70°C. and then exposed to an 
atmosphere saturated with moisture for 24 
hours at 16-20°C. 

In carrying out the test the mixture of 
explosive and chalk is introduced in successive 
quantities into a test tube in such a manner 
that the tube is filled to a height of about 
2 in. The test is then carried out at a 
temperature of 71-FC. Gelatinised explosives 
should not produce the standard tint in less than 
10 minutes. 

Liquefaction Test .—^The Home Office pre¬ 
scribed the following tests for gelatinised dyna¬ 
mite : A cylinder the length of which is about 


equal to the diameter is cut from a cartridge, 
the ends being made flat. This is placed on end 
without any wrapper and secured by a pin 
passing vertically through the centre. The 
cylinder is then exposed to a temperature of 
29*4-32‘2°C. for 144 hours. At the end of this 
period the cylinder must not have diminished 
by more than one-quarter of its original height 
and the upper surface must have retained its 
flatness and sharpness of edge. 

Exudation Test .—In Germany, the railway 
authorities stipulate that gelatine dynamites 
must not undergo an external change or exude 
any nitroglycerin when whole cartridges are 
stored at 30°C. for 5 days. 

In the American test developed by Snelling 
and Storm (U.S. Bur. Mines, BuU. No. 61, 1913, 
p. 9), 8 g. of the dynamite are centrifuged in 
Gooch crucibles at a rate of 600 r.p.m. Under 
these conditions a loss of over 5% is considered 
to indicate that the cartridge might exude and be 
too sensitive to be handled with safety. 

Freezing Test (for gelatinised dynamites).— 
The explosive is kept at — 10°C. for 12 hours, 
then “ seeded ” with frozen nitroglycerin and 
kept for a further 10 days at — 10°C. At the 
end of this period the explosive must show no 
sign of being frozen. 

Propulsive Strength .—In America, the relative 
propulsive strength is measured by the bal¬ 
listic pendulum (HaU and Snelling, ibid. No. 16, 
1912, 82) and is expressed as the unit deflective 
charge (u.d.c,), which is defined as the weight of 
charge in grams which will give the same swing 
to the pendulum as 227 g. of Bureau of Mines 
40% standard dynamite. 

Any single determination is the average of at 
least three shots, more shots being fired if the 
variation is outside certain prescribed limits. 
There is an inverse relation between the propul¬ 
sive strength and the u.d.c., a decreasing order in 
u.d.c. indicating an increasing order in strength. 
Tolch and Porrott (U.S. Bur. Mines, Kept. Invest. 
2976), commenting on this test, state that in 
interpreting ballistic pendulum results it should 
be borne in mind that in addition to propulsive 
strength, rate of detonation and density play an 
important part in determining the suitability 
of an explosive for a particular blasting opera¬ 
tion. Furthermore, the pendulum rates the 
explosives according to an arbitrary scale, the 
comparison of which with actual blasting results 
is not yet as well established as could be desired. 
However, it is believed that the propulsive 
strength as given by the ballistic pendulum 
provides a reasonably good indication of the 
relative “ heaving force ” or total available 
energy of blasting explosives and is of value 
until such time as propulsive strength can be 
expressed in more fundamental units. 

The methods employed in the chemical 
examination of the various d 3 niamites depend 
to a large extent upon the constituents which 
are likely to be present. This aspect of the 
examination is dealt with in considerable detail 
by Taylor and Rinkenbach (U.S. Bur. Mines, 
BuU. No. 219 (1923)). 

Bibliography. —^R. Escales, “ Nitroglycerin 
und Dynamit,” Leipzig, Veit & Co., lS)8; H. 
Kast, ** Spreng- und Ziindstoffe,** Braunschweig, 
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“ Explosives,” 2nd ed., 3 vols., London, 
J. and A. Churchill, 1917-23 ; P. Naoum, 
“ Nitroglycerin and Nitroglycerin Explosives,” 
translated by E. M. Symmes, Bailli^re, Tindall 
& Cox, London, 1928. 

H. S. 

DYNOBEL, POLAR v . Explosives, Coal- 
Mine (this Vol. , p. 556). 

DYSANALYTE. A cubic or pseudo-cubic 
mineral consisting of titano-columbate of 
calcium with some ferrous oxide, cerium earths 
(up to 5%) and sodium. The amount of 
CbgOg given in various analyses ranges from 
nil to 26%, and the mineral has sometimes 
beeri asserted to be identical with perovskite 
(CaTiOg) ; the difficulties presented in the 
analysis of this mineral are, however, implied 
by its name, from hvaavdXvros, “ hard to undo.” 
It occurs as small black cubes in contact-meta- 
raorphic limestone at Sasbach in the Kaiserstulil 
Mountains, Baden, and in metamorphic sand¬ 
stone at Magnet Cove, Arkansas. 

L. J. S. 

DYSCRASITE (antimonial silver). Anti- 
monide of silver, AggSb (Ag 84-3%) to AggSb 
(Ag 72*9%), occurring as silver-white masses 
with metallic lustre, but often with a dull 
yellowish or black tarnish. The material is 
sec tile ; H. 3^-4. Orthorhombic crystals, 
twinned to simulate hexagonal forms, are rare 
and not distinctly developed. According to 
T. Liebisch (1910), two compounds are repre¬ 
sented, namely cubic AggSb, with ap.gr. 10-05, 
and orthorhombic AggSb, with sp.gr. 9-63-9-82. 
The mineral is found in silver mines at Wolfach 
in Baden (where it is the chief ore), Andreasberg 
in the Harz, Allemont in France, and the 
Cobalt district in Ontario. 

L. J. S. 

DYSODILE. A soft laminated carbonaceous 
mineral allied to cannel-(roal and found in 
Bavaria and Sicily (Fricklinger, Jahrb. Min. 
1875, 760 ; A. H. Church, Chem. News, 1876, 
84, 155 ; H. Potoni^, Ber. dent, pharm. Ges. 
1906, 17, 180 ; K. Hummel, Braunkohle, 1923, 
22, 53). On distillation it yields HgO 2-22%, 
tar 0-6-8%, coke 3-84-4-24%, ash 75-95%, 
gases 0-2-8-6%. 

DYSPROSIUM. Sym. Dy. At. wt. 

162*46 (HOnigsehmid and von Welsbach, from 
the ratios DyClg: 3Ag (162-46) and 
DyCIgtSAgCI (162-46)). At. No. 66. Isotopes, 
161, 162, 163 and 164 in approximately equal 
abundance (Aston, Nature, 1934, 133, 327). 

In 1879 Cleve separated Mosander’s “ erbia ” 
into three fractions, the most basic of which he 
termed “ holmia.” Lecoq de Boisbaudran 
(Compt. rend. 1886, 102, 902, 1003) showed this 
to consist of two earths, holmia and dysprosia, 
the latter being characterised by its absorption 
spectrum. The separation was completed by 
Urbain ; fractional precipitation with ammonia, 
holmia and less basic earths being preferentially 
precipitated, was followed by fractional crystaUi- 
eation of the double potassium sulphates and the 
nitrates. A product rich in dysprosium and 
terbium was obtained ; these were separated by 
fractionation of the ethyl sulphates, dysprosium 
accumulating in the middle fractions (Urbain, 


ibid. 1904, 189, 736 ; 1905, 141, 521 ; 1906, 
142, 785 ; Ann. Chim. Phys. 1900, [vii], 19, 
184). 

Dysprosium occurs in minerals containing the 
rare earths of the yttrium group, the chief of 
which are gadolinite, (YjAl.FelgSigOg, xenotimey 
YPO4, &ndL aamarskitCy euxenite andfergusonitey 
which are more complex minerals containing 
columbium and tantalum. Dysprosium forms 
an average of about 7% of the rare-earth metal 
content of minerals. 

Rare earth minerals are brought into solution 
by treatment with concentrated acids, or by 
fusion with sodium bisulphate followed by 
treatment with water. Commoner heavy metals 
occurring as impurities are precipitated with 
hydrogen sulphide ; the earths are then 
precipitated as hydroxides with ammonia, alkali- 
and alkaline earth-metals remaining in solution. 
Suitable salts of the crude rare earth prcpai’ation 
are then subjected to fractional crystallisation. 
A preliminary separation of any cerium group 
earths present is eflected by treatment of an acid 
solution of the earths with sodium sulphate. 
The sparingly soluble cerium group double 
sodium sulphates crystallise out. Any yttrium 
present may be separated by crystallisation of 
the nitrates with bismuth nitrate ; yttrium 
nitrate crystaUises after a middle fraction of 
pure bismuth nitrate, the nitrates of the other 
earths crystallising first. These are converted 
{via the oxalates and sulphates) to bromates, 
which are fractionally crystallised. Dysprosium 
concentrates in the middle fractions, which have 
a yellow colour. Pure dysprosium preparations 
are then obtained by further fractionation of the 
ethyl sulphates obtained from these fractions 
(Engle and Balke, J. Amer. Chem. Soc. 1917, 
39, 53). 

Pure metallic dysprosium has not been 
isolated. A dysprosium-aluminium alloy 
possessing marked thermionic properties has 
been prepared by heating dysprosium oxide with 
aluminium powder (Schumacher and Harris, 
ibid. 1926, 48, 3108). 

Dysprosium is tervalent in all its known 
compounds. The compounds possess pro¬ 
nounced magnetic properties, dysprosium being 
the most paramagnetic of all the elements ; the 
oxide, Dy^o,, is 12-8 times as magnetic as 
ferric oxide. Dysprosium compounds show no 
measurable radioactivity. A strong “ arti¬ 
ficial ” radioactivity of half-life period 2-5 hours 
is induced in dysprosium by bombardment with 
slow neutrons (von Hevesy and Levi, Nature, 
1935, 186, 103). 

Dysprosium oxide, DygOg, is a white 
substance prepared by heating the oxalate or 
sulphate ; d*’ 7-81. It has been used as a 
catalyst in the thermal decomposition of ethyl 
alcohol to acetaldehyde and ethylene (Cremer, 
Z. physikal. Chem., A. 1929, 144, 231). Lead 
metasilicate glasses containing dysprosium oxide 
have been prepared (Norton and Shaw, J. 
Physical Chem. 1933, 35, 3480). The oxide 
forms salts which are generally of a pale greenish- 
yellow colour ; unless otherwise stated below 
they are soluble in water, the aqueous solutions 
of salts of the stronger acids having an acid 
reaction owing to partial hydrolysis. 



246 


DYSPBOSIUM. 


Dysprosium hydroxide, Dy(OH)g, is 
formed as a gelatinous precipitate on adding 
ammonia to an aqueous solution of a dysprosium 
salt. It forms a blue colloidal solution. 

Dysprosium sulphide, Dy^Sg, is prepared 
by the action of hydrogen sulphide on the heated 
anhydrous chloride or sulphate (Klcmm, Mcisel 
and Vogel, Z. anorg. Chem. 1930,190. 123). It 
exists in two forms (a-DygSg, purplish-brown, 
from the sulphate ; /S-DygSg, yellowish-brown, 
from the chloride), being unique in this respect 
among the rare earth sulphides ; these two forms 
are typical of the two types of lattice structure 
occurring in sulphides of the rare earth group. 

Dysprosium chloride, DyCIg.OHgO, is 
obtained by the usual methods. On heating to 
300°C. in a stream of hydrogen chloride, it gives 
the anhydrous chloride ; this is also produced 
by passing sulphur rnonochlorido over heated 
dysprosium oxide. On heating to SSO'^C. in 
oxygen, dysprosium chloride gives first an oxy- 
chloridet DyOCI, and then the oxide. 

Dysprosium bromide, DyBrg, is obtained 
by passing a mixture of sulphur rnonochloridc 
and hydrogen bromide over the oxide. 

Dysprosium iodide, Dylg, is prepared by 
passing a mixture of hydrogen iodide and 
hydrogen over anhydrous dysprosium chloride 
at 600°C. (For further details of these halides, 
c/. Jantsch et ah, Z. anorg. Chera. 1932, 207, 
353.) 

Dysprosium sulphate, Dyg(804)3,81120, is 
precipitated on addition of alcohol to a solution 
of dysprosium oxide in sulphuric acid ; after 
recrystallisation from water it forms yellowish 
crystals wliich lose their water of hydration at 
3()()-360°C., leaving the anhydrous salt. The 
ethyl sulphate is prepared from the oxide and 
ethyl hydrogen sulphate. 

Dysprosium selenate, Dy2(Se04)3,8H20, 
is precipitated by alcohol from a solution of 
dysprosium nitrate and selenic acid. 

Dysprosium chromate,Dy2(CrO4)3,10H2O, 
precipitated from dysprosium nitrate solution 
by potassium chromate, is sparingly soluble in 
water. 

Dysprosium nitrate, Dy(N 03 ) 3 , 6 H 20 , is 
very similar in properties to bismuth nitrate, 
and is prepared by normal methods. It melts 
at 88‘6°C. in its water of crystallisation. 

Dysprosium phosphate, DyP04,5Ha0, is 
formed by precipitation from a weakly ammonia- 


cal solution of disodium hydrogen phosphate 
and dysprosium nitrate. It is almost insoluble 
in water, but soluble in dilute acids. 

Dysprosium carbonate, Dy2(C03)3,4H20, 
is prepared by passing carbon dioxide through a 
suspension of dysprosium hydroxide. It is 
insoluble in water, by which it is slowly hydro¬ 
lysed. The double ammonium carbonate, 
DyNH 4 (C 03 ) 2 ,H 20 , is soluble in water, and 
evolves ammonia at 60°C. 

Dysprosium bromate, Dy2(Br03)3,9Ha0,is 
formed by double decomposition of solutions of 
dysprosium sulphate and barium brornato. It 
melts at 78°C. 

Dysprosium cyanoplatinite, 


Dy2[Pt(CN)j3,21H20, 

is prepared in a similar way to the brt)mate ; it 
forms brilliant red crystals which become yellow 
on gentle heating or dehydration, and dark olive- 
green on cooling in liquid air. 

Dysprosium formate, (H COglsDy, and 
acetate, (CH3C02)3Dy,4H20, are prepared 
by the usual methods. The acetate becomes 
anhydrous at 115”0., and forms a basic acetate 
above 120°C. 

Dysprosium oxalate, Dy2(C2O4)3,10H2O, 
is almost insoluble in water, and is prepared by 
precipitation with oxalic acid. A sparingly 
soluble double potassium salt, 

DyK(C204)2,3H20, 

is known. 

Dysprosium acetylacetone, 

Dy(CH8COCH'COCH3)3, 

is precipitated on adding an ammoniacal solution 
of acetylacetone to a concentrated solution of 
dysprosium nitrate. It forms pale yellow prisms 
readily soluble in organic solvents, and melting 
with decomposition at 132‘6°C. On passing 
ammonia into a cooled alcoholic solution, an 
ammonia compound, DyN H 3 (C 5 H 702 ) 3 , is 
formed (c/. A. Ohl, “Zur Kenntnis des Dyspro¬ 
siums,” Dissertation. Zurich, 1910). 

Dysprosium is best detected by its arc or 
spark spectrum (c/. Exner and Haschek, 
” Spektren der Elemente,” II and III; Urbain, 
Compt. rend. 1908, 146, 922), or, in solution, 
by the absorption spectrum (Jones and Strong, 
Amer. Chem. J. 1912, 47, 50 ; Z. physikal Chem. 
1912, 80, 370). 

A. J. E. W. 


EARLANDITE, calcium citrate, 
Ca3(CeH507)2,4H20, 

not previously observed in nature, has been 
found in deep-sea deposits dredged from a depth 
of 2,580 m, in the Weddell Sea, Antarctic— 
surely a strange place in which to find a new 
“ mineral ” and one of such an unusual com¬ 
position. It has the form of pale yeUow to 
white, warty nodules i~3 mm. across, which are 
veiy minutely crystalline ; sp.gr. 1*80-1 *96 ; 


E 

n 1-56 (F. A. Bannister, Discovery Reports, 
1936, 13, 67). 

L J S 

EARTHS, ACTIVE. Although * mkny 
porous materials of high adsorptive capacity 
are known, the commercial adsorbents are 
practically all derived from the two tetravalent 
elements carbon and silicon. Of the silica 
adsorbents, the whole family of the clays have 
to be considered as well as silica gel ; the 
related aluminium oxide, bauxite, is also used. 
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In the present article the clays and related earths 
only will be considered. 

Clays have long been used as adsorbents; the 
Chinese removed colour and odour from 
vegetable oils by clay treatment over 1,000 
years ago. Although the adsorptive properties 
of fuller’s earth from Reigate, Maidstone and 
Woburn Sands had been used for centuries for 
the de-oiling of textiles, it was not until 1855 
that the first British patent for the purification 
of oils by treatment with earths was applied for. 
The year 1910 is an important one in the history 
of commercial adsorbents as it marks the first 
commercial production of activated or synthetic 
clays in Germany 

For practical purposes adsorptive clays are 
divided into two classes : (a) those clays which, 
like fuller’s earth, possess a high adsorptive 
capacity in the raw state, and (5) minerals 
such as the German white earths and the 
American bentonite which, while possessing 
little or no adsorptive properties in the raw 
state, can be activated to produce adsorbents 
which are twice as efficient as the best samples 
of class (a). In tliis article the class (a) are 
designated as fuller’s earths and (b) as activated 
earths. Active and activated earths in general 
are sometimes termed bleaching earths from the 
German term “ die Bleichcrden ” ; both typos 
have their advantages and specific applications. 

Fuller’s Earths. 

Like the other clays, fuller’s earth is essentially 
a hydrated aluminium silicate containing 
small amounts of otiier bases. Fuller’s earth 
is usually more strongly hydrated than other 
clays, but this seems to have little influence. 
"J’'yf)ical anal 3 'S ('8 of fuller’s earth and other 
bleaching earths arc given in Table I. 


Table I. 



Fuller’s earth 
(England). 

Fuller’s earth 
(Florida). 

Gcr 

wl 

ear 

I. 

man 

ite 

ths. 

IT. 

Bentonite 

(Wyoming). 

Japanese 

earth. 

SiOj . 

53-3 

59-7 

62*6 

57-3 

47-4 

63-2 

ai,( 5 , . 

13-3 

17-9 

20-1 

23-3 

15-4 

14-5 


9-8 

5-6 

6-0 

5-6 

2-6 

2-2 

CaO 

4-9 

2-0 

2-0 

1-9 

2-2 

1-5 

MgO 

2-0 

31 

2-0 

2-7 

4-2 

2-3 

Alkalis . 

1-8 

1-2 

— 

— 

•06 

0-4 

HjO 

14-2 

8-1 

7-2 

9-4 

27-6 

16-6 


99-3 

97-6 

99-9 

100-2 

o 

6 

o 

99-6 


Originally fuller’s earth was exclusively an 
English product, biit in 1893 large deposits were 
found in Florida, which is now the source of 
much of the best earth, and later in many other 
parts of the United States. The fuller’s earth 
deposits are found just under the surface 
fioU and are obtained by digging. The better 
fiorts require no purification, but sometimes 
a slight acid treatment is given, which some¬ 
what improves the activity. Apart from 


purification of oils, fuller’s earth is used as a 
carrier for basic dyes, for cleaning, as a filler for 
rubber, in wallpaper manufacture, as a labora¬ 
tory adsorbent for the determination of the 
colouring matter in butter, whisky, vinegar, etc. 

Fuller’s earth is characterised by a remarkable 
capacity for the adsorption of basic dyes, and it 
is evaluated by this means. Other dyes, such as 
eosin or magenta, are not adsorbed. For 
practical methods of evaluation of active earths, 
see F. Krczil, “ Untersuchung und Bewertung 
technischcr Adsorptionstoffe,” Leipzig, 1931. 

One of the chief uses of fuller’s earth is to 
purify edible oils and fats ; as these are 
liable to contain many different types of impur¬ 
ity different samples of earth should be com¬ 
pared only on a sample of the oil to be purified. 
In the case of oils, such as cotton-seed oil, which 
contain free fatty acids, alkali should first be 
added to convert the colouring matters into a 
basic form, as fuller’s earth does not react with 
the raw oil. The quantities of earth required 
vary from 2 to 10% of the weight of the oil. The 
colour should be compared with that of a 
j standard by means of a colorimeter. 

Often the earth may impart to the oil an 
unpleasant taste and smell ; this varies from 
sample to sample, the English earths being least 
objectionable. Usually a deodorising process is 
resorted to, in which dry steam is blown 
through the heated oil, preferably under 
reduced pressure. Lard and other fats of the 
kind require less than 1% of earth for purifica¬ 
tion and need no deodorisation. It is often 
found that a fuller’s earth which is active for the 
bleaching of edible oils is unsuitable for petroleum 
purification and vice versa. 

Fuller’s earth tends to retain as much as 20% 
of its weight of oil, and although this can be 
recovered by solvent treatment in the regenera¬ 
tion of the earth it is one of the chief dis¬ 
advantages of the material. Ordinary samples 
of earth can be used 10-16 times before the 
efficiency drops below the economic level. 
Normally the filters containing the earth are 
blown through with air to remove oil, the 
residual quantity washed out with naphtha, 
and the naphtha removed by steam treatment. 
The earth, still hot, is regenerated by heating in 
a furnace at a dull red heat. During this 
process there is a certain amount of dis¬ 
integration, about 3% of the total being lost as 
powder. Overheating of the earth must be 
avoided if activity is to be retained (see section 
on Regeneration). 

The great advantage of fuller’s earth over the 
more efficient activated clays is this property of 
not crumbling easily when mixed with hquids, 
which makes possible the purification of oils by 
filtration. Powdered fuller’s earth has a limited 
application in the purification of petroleum 
jelly. Lacking, as it does, the residual acid 
retained by the acid-activated clays (v. tn/ro), 
fuller’s earth is specially suitable for the purffica- 
tion of edible oils. For this purpose it is better 
than charcoal, as this latter material may 
retain as much as 100-200% of its own weight 
of oil and is, in any case, more expensive. 
The specific adsorptive properties of charcoal 
are sometimes of great use, however, and char- 
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coal-fuller’s earth mixtures are widely used for are “ Tonsil,” “ Terrana,” “ AlsiJ,” ” Isarit,” 
the purification of edible oils. “ Frankonit ” and “ Clarit.” An American 

The action of fuller’s earth and of the other activated bentonite is sold as “ Filtrol.” 
silica adsorbents seems to be partly physical. These bleaching earths are, like the fuller’s 
partly chemical in nature. The initial retention earth type, essentially aluminium silicates, but 
of the impurities is probably a normal adsoiption they are characterised by a very high alumina 
process, although base exchange sometimes content (for analyses, see. Table I). Thus, while 
plays a part. The chemical aspect is indicated the ratio of 8102*. AlgOg is 4-5 : 1 in the case 
by the fact that fuller’s earth exerts an oxidising of fuller’s earth and percolating clays, it is 2-3 :1 
action on oils and loses its bleaching properties for raw bentonites and German bleaching 
in the process. The oxidation is so vigorous earths. By the acid treatment of these earths, 
that on blowing air through the filter presses aluminium and ferric salts are washed out and 
to remove the residual oil, the latter sometimes the SiOg : AlgOg ratio increases to about 5:1, 
catches fire. Polymerisation of unsaturated but as boiling with dilute hydrochloric acid 
hydrocarbons also takes place on the surface. removes aluminium from a true clay, it 
Fuller’s earth and the other active clays have is supposed that these raw bleaching earths are 
the property in common with silica gel that the partly formed as a result of a weathering process 
adsorptive capacity is destroyed by heating at leading to the formation of bauxite, 
a high temperature (8()0-l,00()”C.) to drive off The earths before activation should be neutral 
the small quantity of residual water. This and have specific gravity c. 2-0. The lower the 
suggests that in all these materials the adsorp- specific gravity, the more efficient will be the 
tion is due to a common constituent, namely activated product. Earths which contain 
to the layers of silicon atoms linked together organic matter (humic acids) are unsuitable for 
in a silicon-oxygen sheet. The presence of im- activation and actually become less efficient on 
purities has a gr(;at influence on the activity, and activation by the usual method. 

Rideal and Thomas (J.C.y. 1922,121, 2119) have Activation .—In the activation of bleaching 

shown that the catalytic oxidising activity of clays and bentonite, the earth is usually first 
fuller’s earth is proportional to the iron content, mixed with water to a smooth mud. Acid is 
Of recent years a number of clays of Japanese then added and the mass heated with agitation 
origin have been used for oil purification and to about 105°C. and maintained at that tempera- 
also as a substitute for silica gel as a catalyst ture for some time. When activation is com- 
carrier. These earths are yellow or brownish plete, the earth is collected on filters and 
in colour and turn black on mixing with the oil. thoroughly washed, after which it is dried in 
For a typical analysis, see Table I. rotary kihis and finally ground. The activity 

Of the other naturally active products should then be 2-3 times that of good quality 
suggested for oil purification, magnesium fuller’s earth. As it is not possible to remove 
hydrosilicato is perhaps the moat versatile by washing the residual (0*05% acid) these earths 
(U.S.P. 1598254-6-0). This mineral, of formula may not b(' suitable for refining some grades of 
2iyig0*3Si02-2H20, is similar to meerschaum, edible oils. 

with which it shares the property of extreme Amongst the substances proposed in the patent 

porosity and low specific gravity. Impurities of literature for the activation of earths are 
magnesium and calcium oxides, carbonates and sulphuric, hydrochloric, acetic, oxalic, lactic, 
silicates are often present, but have little effect tartaric, phosphoric, etc., acids, mixtures of 
on the properties. The great advantage of this sulphuric-acid and bisulphite, burning hydrogen 
material is that it does not swell in contact with in chlorine, fluorine or hydrofluoric acid, 
water and hence does not form a sludge. Tt can. Generally a simple treatment with hydrochloric 
therefore, be used for percolation purification or sulphuric acid is most efficient and economic, 
and in contact treatment has the advantage The effect of the silic^a solvent, hydrofluoric 
of being easily filterable. The silicate is acid, is an interesting case and relies chiefly 
partially dried for use, but must not be over- on a simple etching effect with consequent 
heated. For some purposes the alkalis in this increase of specific surface. This is shown 
mineral must be neutralised with acids before use. by the fact that fuller’s earth can be acti¬ 
vated by treatment with hydrofluoric acid. 

Activated Earths. Processes involving the use of such ex- 

In the first decade of this century large pensive materials are not however practicable, 
deposits of a white earth were found in Lower B.P. 213438 protects an activation process by 
Bavaria which, although possessing a low adsorp- means of alkaline solutions of organic materials 
tion capacity in the raw state, could be activated {e.g. lignites-fwaterglass). 

by a simple acid treatment to a product about Amongst other materials the activation of 
twice as efficient as the best fuller’s earth. Some which has been protected are various mag- 
ofthese earths resemble kaolin ; they swell in the nesium silicates, steatite and artificial adsorp- 
presence ofwater and form asludge, but they lack tive masses, formed, for example, by the action 
the plastic qualities required in a ceramic clay. of an acid on a mixture of waterglass and 
Following the discovery of the German aluminium hydroxide, 
deposits, earths capable of activation and not In the process of acid activation, the silica 
merely adsorptive clays were found in the Rh6ne content of the earth increases, while that of the 
valley, in Tuscany and in Transylvania, and alumina decreases. The change in composition 
some of the American colloidal clays, such as for a typical case is shown in Table II (Weldes 
bentonite, are also of this typo. Some of the and Edscert, Z. angew. Chem. 1927, 40, 79). 
better known brands of German activated earth The removal of the more soluble constituents 
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Table II. 



Raw 

earth. 

Most active product 
produced by 

tartaric 

SiO, .... 

59-98 

73-64 

63-31 

aiA- • • ■ 

19-84 

13-46 

17-85 

Fe 203 

7-82 

6-35 

6-37 

CaO .... 

2-05 

— 

— 

CO 2 . . . . 

1-61 

— 

— 

Alkali .... 

0-78 

— 

— 

Volatile matter . 

7-92 

6-63 

8-41 


100-00 

100-08 

95-94 


has vastly increased the specific surface of the 
earth by the forraation of a network of pores, 
and this is the first factor favouring activity, 
as the efficiency of a sample of earth is propor¬ 
tional to the surface area. It is found in practice 
that too intensive an acid treatment will yield 
an inferior product or, in other words, that 
optimum results are obtained when only a 
proportion of the soluble constituents is 
leached out. This decrease in activity is pre¬ 
sumably due to the enlarging of the ultrapores 
formed during the first stage of the acid treat¬ 
ment, with consequent loss of surface area, and 
corresponds exactly to the over-activation of 
charcoal. The concentration of acid used is 
normally from 10 to 15%, the actual quantity 
required varying with the constitution of the 
clay (25-60% of the weight of earth is usual); 
the time of treatment lasts from about 10 
minutes to half an hour. 

Activation is due, not only to an increased 
surface, but also to the replacement of the basic 
elements. Mg, Ca, Na, etc., of the clay by H 
from the acid. These hydrogen atoms are con¬ 
nected to the silicon chain by means of oxygen 
atoms and, on heating, disappear as water: 

111 II 

—Si—O—Si—O—Si— —Si—O—Si— 

A i i " A ' 

' 

This exposes naked valency bonds at the 
surface, which are capable of adsorbing by a 
chemical mechanism and of effecting catalysis. 
It is well known that the first constituents of a 
mixture to be adsorbed are the unsaturated 
derivatives which are chemically retained on the 
surface and cannot be removed by solvents. 
It follows, therefore, that the activity of an 
earth should be increased by heating after the 
acid activation ; 450°C. is perhaps the optimum 
temperature. Above this temperature dehydra¬ 
tion becomes too complete and sintering sots in 
with a destruction of the porosity. 

The economics of the acid treatment of clays 
depend on the loss of weight of the clay, the 
amount of acid required, the cost of heating and 
washing and the efficiency of the product. 

Use of Activated Earths in Oil Refining. — 
The mechanism of the purification of oils by 


means of active earths is, as has been already 
said, an adsorption process accompanied or 
followed by catalytic oxidation or polymerisa¬ 
tion on the surface. From a mixture of im¬ 
purities, active earths will extract first the 
unsaturated compounds, then the oxygen, nitro¬ 
gen and sulphur derivatives. In the Gray 
process for the refining of cracked petroleum, 
the gum-forming unsaturated derivatives are 
polymerised on a fuller’s earth surface. Active 
earths also de-acidify acid oils, and so it is not 
necessary to treat these separately with neutral 
raw earths. The amount of oil retention by 
the a(;tive earth should be as low as possible, as 
the recovered oil is poor in quality. 

There are two distinct methods of treatment 
of oils with active earths— percolation and 
contact processes. In the percolation purification 
the oil is passed through a stationary bed of 
coarse clay of considerable depth, usually in 
cylindri(^al containers with conical bottoms. 
The rate of passage of the oil is governed by 
its viscosity, the nature and quantity of the 
impurities which it contains and the state of sub¬ 
division of the earth. Temperatures of 60- 
100°C. are employed, but care must be taken 
to avoid overheating edible oils, which produces 
an unpleasant taste. As a rule, the oil to be 
percolated must be of low viscosity, and the 
tem])erature adopted thus also depends on the 
temperature-viscosity relationship of the oil. 

The percolation process is confined to the 
fuller’s earth tyj)e of clay which does not dis¬ 
integrate much in the presence of liquids and 
which is, therefore, sometimes classified as 
percolation earth. Activated bleaching earths 
cannot be used for ponrolation refining as they 
crumble rapidly to form a dense sludge through 
which oil cannot force a passage. The chief 
mechanical problem which arises during percola¬ 
tion is the formation of channels in the earth, 
down which the oil may flow without coming into 
intimate contact with the adsorbent. This may 
often be remedied by sudden pressure changes, 
otherwise the earth has to be repacked. 

In the contact methods of oil purification, 
the finely divided adsorbent is mixed with the 
oil and heated for a time, after which it is 
removed by filtration. This enables the highly 
activated earths to be used in spite of their mud- 
forming properties. The clay is used in a dry 
state in dry contact processes in which the oil 
is mixed with the dried earth, or as an aqueous 
paste in the pulp contact process in which the wet 
earth is mixed with the oil, heated, the water 
flushed off and the dry mixture cooled and 
filtered. A further modification is the contact 
distillation process, not yet used to a large 
extent ; in this method, the oil is distilled in 
the pi-esence of the fine earth and then condensed 
in the pure state. 

A number of modifications of the above 
methods have been proposed, many of which 
concern the atmosphere in which the refining 
is carried out. Thus the passage of hydrogen 
into active earth suspensions in edible oils at 
250°C. is recommended, the gas being passed 
until it issues with a bluish colour ; the oil thus 
produced is very pure and suitable for hard¬ 
ening, as the hydrogen destroys all the catalyst 
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poieons. The use of steam and carbon dioxide 
have also been suggested, as has working in 
vacuo. Further processes include the addition 
of electrolytes to fuller’s earth to assist in the 
coagulation of colloids. 

The amount of active earth required varies 
with the oil and its impurities as well as with the 
quality of the adsorbent ; it is generally of the 
order of 1-15% of the weight of oil. It is 
often stated that gradual addition of the earth 
in small quantities reduces the total quantity 
required. 

Active earths become very dark on use ; 
this is sometimes explained as being due to lake 
formation on the silica adsorbent. 

JRegeneration of Earths .—The regeneration 
(revivification) of active earths usually takes 
place in two stages : 

(a) Removal of excess oil from the adsorbent 
by steam treatment and solvents. 

(h) Removal of the adsorbed matter by 
combustion. 

The use of steam depends on the fact that 
clays, like silica gel, have a great tendency to 
become hydrated, and thus exhibit specific 
adsorption of water, so that other physically 
adsorbed materials are displaced. This is quite 
the opposite behaviour to that of charcoal, 
which will adsorb organic materials even when 
moist. Generally superheated steam is used 
for the displacement of oil from active earth in 
the process of regeneration. The steam treat¬ 
ment is often followed by treatment with 
naphtha or other suitable solvent. 

The second part of the process aims at clean¬ 
ing the surface by the removal of chemically 
adsorbed or coagulated matter which has been 
removed from the oil. Solvents are able to 
clean the surface somewhat, but it is generally 
necessary to bum off the impurities by passing a 
stream of air over the heated earth. The 
heat of combustion of the surface impurities is 
sufficient to maintain the temperature. 

A great number of processes have been 
claimed for the regeneration of active earths and 
amongst solvents named are acetone, acetic acid, 
benzene, carbon tetrachloride, carbon di¬ 
sulphide, pyridine and wopropyl alcohol as well 
as surface-active compounds, such as soaps or 
sulphonated aromatic compounds. 

The bleaching earths can only be used a 
limited number of times and their efficiency is 
lower after each regeneration. The actual 
life of the adsorbent varies greatly with the 

CH2-CH-CHg 

BrCN I I 
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impurities it has to extract and the difficulty 
of removing them from the clay surface. Spent 
earths are of little value, but are occasionally 
used for Portland cement manufacture. 

Literature, —F. Krezil, “ Untersuchung und 
Bewertung technischer Adsorptionstoffe,” Leip¬ 
zig, 19,31 ; 0. Kausch, “ Las Kieselsauregel und 
dieBleicherden,” Berlin, 1927, Supplement, 1936; 
M. K. Mandlebaum, “ Fuller’s Earth Treatment 
of Cracked Gasoline,” The Science of Petroleum, 
p. 1693, Oxford, 1938; B. A. Stagner, “Acid- 
treated Clays,” op. cit. p. 1699 ; E. R. Lederer 
and E. W. Znblin, “ Treating Mineral Oils by 
Percolation,” op. cit., p. 1679. 

A. K, 

EARTH NUTS v. Arachis Oil. 

EAST INDIAN ISINGLASS r. Brewing 
(Vol. II, p. 102a). 

EAU DE JAVELLE. A dilute solution of 
potassium hypochlorite used as an antiseptic. 

EAU DE LUCE. Syn. for compound tinc¬ 
ture of ammonia. A solution of mastic 1 in 80, 
with alcohol (90%) and oil of lavender, in strong 
solution of ammonia (B.P.C. 1934). 

EAU-DE-VIE Brandy. 

EBONITE. Vulcanite or hard rubber. 

EBULLIOSCOPE, EBULLIOMETER. 
An instrument used, particularly in France, for 
ascertaining the strength of aqueous alcohol in, 
e.g., wines, fermented mash, etc., by means of 
a boiling-point determination. In its simple form 
the instrument consists of a vessel containing the 
alcohol boiling under reflux and carrying a ther¬ 
mometer (Beckmann) immersed in the vapour. 
The effect of change in barometric pressure is 
eliminated by setting up a similar apparatus con- 
I taining water and reading the difference in tem- 
I perature (Allen, “Comm. Org. Anal.” 1924, I, 
157). A more accurate apparatus is described 
by Cain (Chem. News, 1914, 109 , 37). 

The term is also applied to any instrument 
for determining the boiling-point of a liquid, 
e.g. to determine the equilibrium constants in 
esterification processes (Chem. Zentr. 1929, I, 
1654), to determine molecular weights, etc., and 
many modifications of the simple instrument 
have been devised (Monograph, W. Swietoslaw- 
ski—EbuUiometry, Mem. Acad. Polonaise, 1936, 
A, No. 3, 1-196.) 

ECCAINE, ECKAIN, EKKAIN, N- 

y-benzoylhydroxypropylnorecgonidine ethyl 
! ester (I), was first prepared by J. von Braun and 
E. Muller (Ber. 1918, 51 , 236) by the following 
series of reactions: 

CHa-CH-CH 

hydrolysis | || 

-NH CH 

I I 

s CH,-CH-CHCOjH 

noreegonidino 
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Eocaine ia more active as a local ansBsthetic 
and less toxic than cocaine (W. Wichura, Z. 
exp. Path. Ther. 1919, 20, 1). 

ECGONINE V, CocAiNis and the Coca 
Alkaloids (Vol. Ill, p. 224d). 

ECHiNENONE v, Cakotenoids (Vol. II, 
p. 401c). 

ECHINOPSINE. Echinopsine (I) was 
discovered by Greshoff in Echinojta Ritro Linn. 
(Fam. Compositas) (J.C.S. 1900, 88, I, 566). 
In a later study (Rec. trav. chim. 1900, 19, 
360) Greshoff reports the occurrence of (I) in 
fifteen different species of Echinops and describes 
its isolation. Yield from the fruit of Echinops 
Ritro 0-5%. CjoHjON, m.p. 152°, crystallises 
with 1 HgO in rhombs or in a tuft of needles when 
anhydrous, easily soluble in CHClg, hot CgHg 
or hot HgO (1 part in 6 parts at 100°C.), slightly 
soluble in EtgO. (I) is a weak base. The 
ordinary salts are crystalline, the picrate melts at 
216°C. For microchemical identification, see 
A. 1931, 639. It gives a blood-red coloration 
with FeClj. Spath and Kolbe (Monatsh. 1922, 
43, 469) show that echinopsine is identical 
with 1-methyl-4-quinolone, a substance already 
prepared by Meyer in an impure state (Monatsh. 
1906, 27, 269). For a new synthesis of echinop¬ 
sine, see Kondoandlkawa (J. Pharm. Soc. Japan, 
1931, 61, 702, or Amer. Chem. Abstr. 1932, 26, 
988). Furthermore, Greshoff {lx.) isolated 
/3-echinopsine and echinopseine from the same 
plant. 

Schl. 

ECHI TAM IN E v. Alstonia Barks (Vol. I, 
p. 263a). 

ECHUJIN Cardiac Glycosides (Vol. II, 
p. 387c). 

ECLOGITE V. Diamond (Vol. Ill, p. 575d). 

E^CRU SILK V. Bleaching (Vol. II, p. 18d). 

EDESTIN. This is the chief protein of 
hemp seed {Cannabis saliva) and is obtained 
by extracting the crushed fat-free seeds with 
6% NaCI at 60°C. On cooling the extract 
edestin separates and can bo crystallised (chiefly 
octahedra) by re-solution in NaCl at 60°C. and 
cooling. It is a heat-coagulable protein of the 
globulin class and occurs in Isovo-rotatory form, 
[a]i? (about) —42°. On hydrolysis it yields prac¬ 
tically all the common a-amino-acids, leucine, 
glutamic acid and arginine predominating 
(Ritthausen, J. pr. Chem. 1881, [ii], 23, 481; 
Osborne, Amer. Chem. J. 1892, 14, 662; J. 
Amer. Chem. Soc. 1899, 21, 486; 1902, 24, 28; 
Osborne and Harris, Amer. J. Physiol. 1906,14, 
161). 

W. V. T. 

EDIBLE OILS AND FATS. Under this 
term are comprised those oils and fats which 
serve as foodstuffs: in its broadest sense, the 
term includes butterfat, but since this is fully 
dealt with elsewhere (Vol. II, p. 169) it is only 
necessary to consider here those edible fats 
and oils which are extracted from animal body 
tissues, or from oleaginous fruits and seeds. 

Edible animal oils and fats are recovered 
almost exclusively by “ rendering ” processes, 
which consist in heating the comminuted fatty 
tissues, either in the dry state or, more 
commonly, in the presence of water, until the 


cell-walls are ruptured and the fat is liberated. 
Since the products are to be used as foodstuffs, 
every precaution is taken to ensure hygienic con¬ 
ditions throughout manufacture : the raw 
tissues are worked up as soon as possible after 
the death of the animal, and thoroughly 
cleansed to remove blood, visceral matter, non¬ 
fatty tissues, etc., before rendering: tin- or 
enamel-lined plant is employed, and working 
temperatures are kept as low as possible in 
order to minimise the extraction of non-fatty 
matter. 

Whilst the wet-rendering process is employed 
for the production of palm oil, the bulk of the 
edible vegetable oils and fats are obtained by 
hydraulic expression of the crushed fruits or 
seeds. Soya bean oil is the only edible oil of 
importance which is produced by the solvent- 
extraction process at the present time, but this 
method of oil-recovery seems likely to find more 
extended use in the future {cf. “Handbuch der 
Lebensmittelchemie,” by Bonier et al., Vol. IV, 
Fette und Oele, 1939, p. 396). As in the case of 
the animal fats, the quality of the finished oil 
depends on the condition of the raw material, 
and the avoidance of excessive temperatures or 
pressures during processing. 

Most of the animal fats, and some of the 
vegetable oils and fats, e.g. olive oil, cacao butter, 
are immediately fit for consumption if rendered 
or expressed with sufficient care from sound raw 
materials, and rarely need to undergo any 
process of technical purification except simple 
filtration before they are j)laced on the market. 
This applies, however, only to the most freshly 
“ first ” rendered products or the products of 
“ first pressings,*' as contact with macerated, 
putrescible organic matter not only loads to 
possible contamination of the fat with the 
decomposition products of the tissues, but also 
rapidly causes hydrolysis of the oils or fats, so 
that, for example, lard or olive oil which has 
been allowed to remain in contact for a short 
time with the organic tissues from which it 
has been derived may become too acid or 
rancid to bo fit for use as food. 

The large demand made on the market by the 
rapidly growing consumption of oils and fats 
has, however, led to the employment of second 
and even third renderings in the case of the 
animal fats, and second or third expressions 
in the case of vegetable oils and fats. Such 
products contain, as a rule, appreciable amounts 
of free fatty acids, and small quantities of 
extractive substances (colouring matters, 
odoriferous substances, etc.) which must bo 
removed before the oil or fat can be utilised 
for food purposes. Whenever possible, only 
physical methods are employed for the refining 
of edible fats. By heating the crude fat alone, 
or by boiling it with water, steam or brine, 
colloidal mucilaginous and albuminous matter 
may be coagulated, and will settle out, together 
with suspended impurities, when the hot fat is 
allowed to stand : the purified fat is then 
decanted or filtered off from the sediment 
(“ foots **). Such methods are employed for the 
clarification of animal fats, e.g. lard, cod-liver 
oil, and are also applied to the more valuable 
vegetable fats, such as coconut oil, palm oil, 
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etc., prior to de-acidification. The physical 
methods of refining also include treatment of the 
oils with adsorbents (bleaching carbons or 
natural or activated bleaching earths) for the 
removal of colouring matters, and “ deodorisa- 
tion,” which consists in treating the oil or fat 
with a current of steam or superheated steam 
in vacuo, in order to drive off the volatile 
odoriterous principles. 

Concerning the nature of the volatile sub¬ 
stances eliminated during deodorisation, c/. 
Haller and Lassieur, Compt. rend. 1910, 150 , 
1013 ; 151 , 097 (coconut oil) ; Salway, J.C.S. 
1917, 111 , 407 (coconut and palm-kernel oils) ; 
Brooke, Philippine J. Sci. 1920, 30 , 201 (coconut 
oil ); Marcelet, J. Pharm. Chim. 1930, 24, 213 
(olive and arachis oils). 

As a rule, the physical methods of purification 
are all that are required in the case of animal 
fats, and indeed in some cases, for example 
in the preparation of medicinal cod-liver oil, no 
chemical refining is permissible. It is only 
recently, in fact, that the use of caustic soda for 
the refining of edible lard has been allowed (under 
conditions) in the United States. 

In the case of vegetable oils, however, it is the 
regular practice, except in the case of the 
finest qualities of “ cold-pressed ” edible oils, to 
remove the free fatty acids by treatment with 
dilute alkali, prior to bleaching and/or deodorisa¬ 
tion. A notable example of this process is 
furnished by the usual method of refining cotton¬ 
seed oil (g.v.). Caustic soda, sodium carbonate, 
and lime are the only neutralising agents of 
practical importance in the edible oil industry. 

The soda treatment not only neutralises the 
free fatty acids in the oil, but has the advantage 
that the soap formed carries down a con¬ 
siderable amount of colloidal impurities and 
colouring matters. The de-acidified, neutral oil 
is separated from the precipitated soaps (the so- 
called “ soap-stock ”) by decantation, filtration 
or centrifuging, and is thoroughly washed or 
treated with adsorbents in order to remove the 
last traces of soap. 

Chemical refining treatments involving the 
use of mineral acids must be excluded altogether 
from the purview of the edible oil refiner, since 
mineral acids, however carefully they may be 
removed by subsequent washing, impart an 
objectionable flavour to the products, which 
renders them useless for edible purposes. 

Whereas all fresh animal oils and fats when 
properly prepared are fit for use as food (with 
the exception of the miscalled “ oils ” of the 
type of sperm oil, which consist largely of 
liquid waxes), this does not hold good for all 
vegetable oils and fats, since some of these, even 
though prepared in unexceptionable manner 
from fresh materials, retain in solution noxious 
substances derived from the vegetable material 
from which they have been obtained. In the 
case of cotton-seed oil (g.v.), the dark colonring 
matters (Ooseypol) which pass into the 
crude oil are completely removed by the 
ordinary alkaline refining treatment ; in other 
cases, a toxic character is either imparted 
by the presence of traces of substances which it is, 
in practice, impossible to remove (for example, 
in the case of croton oil, curcas oil and perhaps 


tung oil) or is actually associated with the 
glycerides constituting the oil itself, as in the 
case of castor oil (g.v.) and the oils of the 
chaulmoogra group (g.v.). Hence, such oils 
must be excluded from the list of edible oils, 
although they may serve for medicinal purposes. 

In the industrial Northern countries there is 
an immense demand for solid edible fats which 
can be satisfied only partly by the available 
supplies of lard, mutton- and beef-fats (suet). 
Apart from coconut, palm-kernel and palm 
oils and cacao butter, most of the edible vege¬ 
table fats obtainable in commercial quantities 
are liquid oils, hence the very considerable 
balance of solid fats required for the manu¬ 
facture of lard substitutes, margarine, etc., 
must be met chiefly by the use of hydrogenated 
or “ hardened ” oils prepared from natural 
liquid vegetable oils or from whale oU by 
catalytic hydrogenation. 

For convenience, the various edible oils and 
fats may be considered in groups according to 
their uses : it must be understood, however, 
that such a classification is by no means rigid, 
for the same oil or fat may serve different 
purposes in different circumstances or in 
different countries. Moreover, oils which are 
regarded as palatable in one part of the world 
may not be used for food in other parts. 
Whereas rape oil and linseed oil find a ready 
market for edible purposes in India, these oils 
are at present only used to a small extent as 
table oils in western Europe. In this country, 
olive oil takes pride of place as a table or salad 
oil ; both here and in other countries, however, 
it is frequently replaced for table use, and 
especially for the manufacture of mayonnaises, 
etc., by other bland vegetable oils, such as 
cotton-seed, maize, sesame, arachis, tea seed or 
soya bean oils. Cotton-seed oil and maize (com) 
oil, in particular, are employed to an enormous 
extent in the United States as salad oils and for 
factory-made salad dressings. 

(It may bo noted, incidentally, that in most 
countries the commercial expression “ salad 
oil ” or “ table oil ” used by itself is no longer 
indicative of olive oil, or of any other particular 
oil, but may be applied to any suitable vegetable 
oil. In some countries, e.g. Canada, the Food 
Regulations require that the specific nature 
of the “ salad oil ** shall be declared on the 
label.) 

On the score both of appearance and con¬ 
venience in handling, a clear bright oil is 
generally required for food purposes. In the 
cold winters of Northern climates, however, 
many of the edible vegetable oils, e.g. cotton-seed 
oil, arachis oil and even some olive oils, are 
liable to congeal, or to form unsightly solid 
deposits (commonly, but inaccurately, termed 
“ stearin ”) owing to the crystallisation of the 
higher-melting glycerides present in the oil. 
It becomes necessary, therefore, to remove these 
constituents, or, as the technical terms run, 
the oil must be “ demargarinated,” “ destearin- 
ated ” or “ winterised ” before being placed on 
the market. The process consists in storing the 
oil at low temperatures (formerly during the 
winter, but nowadays under conditions of 
artificial refrigeration) until the “ stearin ** 
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settles out as a solid mass at the bottom of the 
vessel and the supernatant fluid “ winter oil ” 
is then separated by decantation or by filter¬ 
pressing. The standard “ cold test ” of the 
American Oil Chemists’ Society (c/. Oil and Soap, 
1937, 14, 104) requires that such “ winter oils ” 
shall remain clear and limpid when left un¬ 
disturbed at a temperature of 0°C. for 5^ hours. 
Unless refrigeration has been inordinately pro¬ 
longed, even destearinated oils are liable 
to deposit some “ stearin ” on long-continued 
exposure to cold, but it is claimed that such 
crystallisation may be prevented by the 
addition of small amounts of lecithin or of hot- 
pressed crude cotton-seed oil to the winterised 
oil {cf. Grettie, U.S.P. 2050528 ; Swift & Co.. 
G.P. 018836). An interesting patent by W. 
Clayton and collaborators claims that the 
clouding or congealing of even non-dostearinated 
olive oil can be indefinitely prevented by the 
addition of a small amount (0-5-l%) of a partly 
oxidised and polymerised (blown) cacao butter; 
the method does not apply to other oils (r/. 
W. Clayton et al., B.P. 469113; J.S.C.I. 1937, 
56, 198T). 

It may be remarked in passing that medicinal 
cod-liver oil is frequently subjected to a similar 
destearinating treatment. 

In tropical countries, coconut or palm-kernel 
oil or other indigenous edible vegetable fats are 
employed as general cooking fats ; in the 
Mediterranean countries olive oil may be used, 
whilst in north-western Europe and in America 
the cheaper salad oils, and in particular 
cotton-seed and arachis oils, are employed for the 
commercial frying of fish, potatoes, doughnuts, 
etc. As a rule, solid fats are preferred, however, 
in these countries for domestic cooking and 
occasionally for commercial frying. Lard and 
dripping, which (apart from butter) were exclu¬ 
sively used in former days, ha^'e been replaced to 
a considerable extent by “ lard suhstitutes ” or 
“ compound,'" which are similar in composition 
to the “ shortenings ” used in cake doughs, 
pastry, etc., and consist of blends of animal fats 
(lard or oloostearin) and vegetable fats, or of 
mixed vegetable fats (“ all-vegetable shorten¬ 
ings ”). The latter type may be made by 
hydrogenating vegetable oils to a suitable 
consistency, or by blending more highly hydro¬ 
genated oils with unhardened oils. In America, 
raw and hydrogenated cotton-seed oils are the 
most important ingredients of such compositions, 
but any edible vegetable oil of good quality 
may be used, the choice being governed chiefly 
by questions of price and accessibility. Palm 
oil and shea fat may also be employed for such 
products, while on the Continent cooking fats 
consisting chiefly or entirely of coconut or palm- 
kernel oils are popular {v. Buttees, 
Vegetable). 

The preparation of butter substitutes will be 
discussed at length in an article on Margarine ; 
hence it is suflicient to note here that hydro¬ 
genated vegetable oils, oils of the coconut group, 
hydrogenated whale oil and beef-fat (oloostearin 
and premier jus) are among the principal raw 
materials employed in its manufacture. 

Similarly, only a brief reference is required 
here to the last small group of fats, comprising 


cacao butter and its substitutes, which are used 
in the manufacture of chocolate, caramels, and 
similar confectionery {see Chocolate Fats and 
Cacao Butter). 

E. L. 

EDINGTONITE. A barium zeolite with 
the composition BaAl 2 Si 3 Oi„,4H,0. It was 
first found in 1825 as a few very small crystals 
in ancient volcanic rocks in the neighbourhood 
of Glasgow. These are tetragonal witn 
sphenoidal homihedrisra, but they are optically 
biaxial, and are thus probably pseudo-tetragonal 
due to twinning. Later, in 1895, large crystals 
were found in some quantity in a manganese 
mine at Bohlet in Sweden. These are distinctly 
orthorhombic and with optical characters appre¬ 
ciably different from those of the Scotch mineral. 
This difference is perhaps due to the presence of 
calcium in the latter, but owing to the scarcity of 
this material no complete analysis has been 
made. Base-exchange products are readily 
prepared, with Tl, Ag, K or Na replacing Ba 
(M. H. Hoy, Min. Mag. 1934, 23, 433 ; W. H. 
Taylor, Min. Mag. 1935, 24, 208). 

L. J. S. 


E DIN O L. Trade name for the hydrochloride 
of m-arnino-o-hydroxybenzyl alcohol used in 
conjunction with sodium sulphite as a photo¬ 
graphic develo})er (N. Weintraub, Phot. Korr. 
1902, 39, 326 ; Chem. Zentr. 1902, 1, 547). 

EDULCORATION . The process of wash¬ 
ing insoluble matter for the removal of soluble 
impurity. 

EDWARSITE v. Cerium Metals and 
Earths (Vol. IT, j). 5126). 


EFFLORESCENCE. The formation on 
the surface of a crystalline body of a powdery 
deposit, usually as the result of loss of liquid of 
crystallisation. 

The term is loosely applied to the formation 
of a deposit on any body by spontaneous 
evaporation, as when evaporation of a salt 
solution from the surface of a porous rock results, 
by capillary action, in still further evaporation. 

EGG. The egg of the common fowl, GaJlus 
domesticuSy consists of four principal parts— 
the shell, the white, the yolk, the white yolk or 
germinal cell—and the membranes separating 
these parts. The usual weight of an egg is 
40-60 g., the percentages by weight of the 
different parts being, approximately, white 60, 
yolk 29, shell and membranes 11. 

The shell has the percentage composition: 


Calcium carbonate . . .93-7 

Magnesium carbonate . . 1-3 

Calcium phosphate . . . 0-8 

Organic matter . . . .4*2 


When examined under the microscope it is seen 
to consist of three layers, an inner mammillary 
layer composed of knobs of large calcite crystals, 
a spongy layer made up of small irregularly 
shaped calcite crystals and a surface cuticle. 
The latter is a thin web of mucin fibres which 
helps to protect the egg from bacterial invasion. 
The thickness of the shell ranges from 0*23 to 0*46 
mm. (G. F. Stewart, Poultry Sci. 1935, 14, 24). 
It is permeable to gases and the complete shell 
contains several thousand pores ; some of 
these are at least 3/x in diameter since under 
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certain conditions the shell is permeable to i 
bacteria of this size. The colouring matter of 
egg shells is porphyrin, which is virtually 
hsematin in which the FeOH group has been 
replaced by two H atoms. 

There are two shell membranes which enclose 
an air space at the blunt end of the egg. The 
volume of this air coll is the sum of the contrac¬ 
tion of the egg contents in cooling from the 
temperature of the hen together with the volume 
of the water lost by evaporation. The thickness 
of each of the shell membranes is approximately 
40fx and they are composed chiefly of keratin 
with a few mucin fibres ; each membrane is 
built up in layers (T. Moran and H. P. Hale, 
J. Exp. Biol. 1936,13, 36). 

The white consists of three distinct layers: an 
outer thin or fluid portion, a middle gelatinous 
or thick layer and an inner fluid layer adjoining 
the yolk. There is also, according to Sharp 
(U.S. Egg and Poultry Mag. 1934, 40, 33), a very 
thin layer or film of gelatinous white surrounding 
the yolk. Two twisted cords or chalazse connect 
the yolk with the thick white and thus anchor 
it in its central position in the egg. In the now 
laid egg the thick layer of white is attached to 
the inner shell membrane at both ends of the 
egg. The relative amounts of the three distinc¬ 
tive layers in new laid eggs may vary widely, 
being characteristic of the individual hens, but 


average figures for the inner thin, thick and 
outer thin layers, expressed as weight per¬ 
centages of the whole white, are 11, §5 and 24. 
The thick layer has a definite structure, being 
made up in layers each bounded by fibres of 
mucin. It is this heavily hydrated insoluble 
protein which gives the thick white its gelatinous 
character, the amount present averaging 0*3%; 
the other two layers contain negligible amounts 
of mucin. Apart from the content of mucin 
there are other slight differences in the chemical 
composition of the three layers which are shown 
in the dry weights and in the refractive indices. 

The white as a whole contains approximately 
87% water and 13% solids ; of the total solids 
approximately 90% is protein. Needham 
(“ Chemical Embryology,” I, p. 365, Cambridge, 
1931) concludes there are four proteins in egg 
white present in the following proportions: 
ovalbumin 76, ovomucoid 15, ovomucin 7 and 
conalbumin 3%. There is, however, little doubt 
about the existence of a fifth protein, ovo- 
globuhn, but its properties are ill-defined duo to 
the difficulty of isolating it in the pure state (L. 
Hektocn and A. G. Cole, J. Infect. His. 1928, 
42, 1 ; M. Sorensen, Compt. rend. Trav. Lab. 
Carlsberg, 1934, 23, 196). 

Osborne and Cami)bell (J. Amcr. Chem. Soc. 
1900, 22, 422) give the following percentage 
analyses of the four proteins : 



C. 

H. 

N. 

S. 


O. 


Ovalbumin 

52-75 

7-10 

15-61 

1-62 

0-12 

22-90 

-29-4° to -30-7° 

Ovomucoid . 

49-02 

6-45 

12-71 

2-38 

nil 

29-44 

-61-35° 

Ovomucin . i 

50-69 

6-71 

14-49 

2-28 

nil 

26-83 

— 

Conalbumin . 

62-25 

6-99 

1611 

1-70 

nil 

22-95 

-36-0° to -39 0° 


According to M. Sorensen (/.c.) ovalbumin 
contains 1-7% of mannose, ovomucoid 9*2% of a 
mixture of three parts of mannose and one part 
of galactose, ovomucin 14-9% of a mixture of 
equal quantities of mannose and galactose and 
conalbumin 2-8% of a mixture of three parts of 
mannose and one part of galactose. Egg white 
also contains about 0*4% of free glucose. 

Crystalline ovalbumin can be prepared by the 
method of Hopkins (J. Physiol. 1900, 25, 306). 
Egg white from fresh eggs is thorouglily beaten 
and macerated and mixed with its own bulk of 
saturated ammonium sulphate solution. The 
solution is filtered and 10% acetic acid (glacial 
acetic diluted to ten times its bulk) gradually 
added until a well-marked precipitate forms. A 
further measured quantity of the acid is now 
added (1 c.c. for each 100 c.c. of the filtered 
mixture) and the precipitate allowed to stand for 
24 hours. The crystals are next washed with 
half saturated ammonium sulphate solution 
containing 0*1% acetic acid, re-dissolved in the 
minimal quantity of water and reprecipitated 
by the gradual addition of saturated ammonium 
sulphate solution. When a definite precipitate 
forms a further measured quantity of the 
ammonium sulphate solution is added equal to 
2 c.c. per litre of the solution. After standing 
for 24 hours the crystals are filtered G» L. 


Taylor, G. S. Adair and M. E. Adair (J. Hygiene, 
1932, 32, 340) used a slight modification of 
this method to prepare a very pure albumin 
(N = 15'40). The molecular weight of ovalbumin 
is 34,000. The solution remaining after removal 
of the first crop of ovalbumin crystals contains 
conalbumin, which can be obtained by further 
salting out. This fraction cannot be obtained 
in a crystalline state. 

For the preparation of ovomucin, thick egg 
white is macerated or cut up, diluted to five times 
its volume with water and centrifuged. The 
precipitate of ovomucin is washed on the 
centrifuge with 1% salt solution until all heat- 
coagulable protein is removed. Finally, the 
salt is removed by repeated washing with water. 
During this process the mucin particles swell 
considerably and it is advisable to add alcohol 
to the wash-water. The protein is finally dried 
with alcohol and ether. 

To prepare ovomucoid, egg white is diluted 
with water to five times its volume, slightly 
acidified, and heated until all coagulable protein 
is precipitated. The solution is filtered, dialysed 
and the protein precipitated with alcohol and 
dried with ether. 

The inorganic constituents of the white and 
yolk have been determined by many observers, 
but the analyses are not in good agreement. 
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The figures of Iljin quoted by Needham (op. cit., 
I, Table 27, p. 302) are fairly representative. 



Ash. 
% of 
wet 
weight. 

% of total ash. 

K. 

Na. 

Mg.i 

Ca. 

SO 4 . 

PO 4 . 

a. 

White 

Yolk 

0-60 

MO 

22-1 

7-01 

20-63 

4-34 

1-41 

1-23 

1-64 

9-28 

1-9 

5-22 

87-4 

26-1 


When the individual anions and cations are 
expressed as milli-equi valenta it is found that the 
ratios for the white and yolk are 0-55 and 2*9 
respectively. These figures do not, however, 
take into account the bicarbonate and protein 
ions and also the figures for PO 4 and SO 4 
are probably too high, because no allowance was 
made for the phosphorus and sulphur in the 
proteins ; there is, for example, no such 
discrepancy in the analyses of an ultra-filtrate 
of yolk (K. Bialaszewicz, Ann. Physiol. Physico- 
chim. Biol. 1928, 4, 190). 

The white also contains traces of lipoids, 
extractives and several inorganic ions including 
iron, copper, manganese, lead, iodine, fluorine, 
boron, etc. It also contains a great many 
enzymes one of wdiich, trypsin, has been held 
responsible for the gradual breakdown of the 
thick white with age (A. K. Balls and T. L. 
Swenson, Ind. Eng. Chem. 1934, 26, 570). 
This, however, has been dis 23 uted (V. Van 
Mannen and C. Kimington, J. Vet. Sci. Onderste- 
port, 1935, 5, 329), and it seems more likely that 
the breakdown is due to simple alkaline hydrolysis. 

The egg, when laid, is usually sterile, not more 
than 1 or 2 % being infected with micro¬ 
organisms. Apart from its mechanical defence 
against invasion by bacteria—the shell and its 
cuticle—there is evidence that the white contains 
antibacterial substances. The of the white 
at laying is in the range 7-6~7-9, and that of the 
yolk 0 - 0 ; the egg rapidly loses carbon dioxide, 
however, and the pjj of the white rises to about 
9'0-9'5, that of the yolk being scarcely affected. 
Most bacteria have an upper limit of about 
Ph 8-6 for grovrth, and Sharp and Whitaker! 
(J. Bact. 1927,14, 17) concluded that this partly 
explained the bactericidal properties of egg 
white ; in addition, however, they obtained 
evidence that there is in the white a bactericidal 
substance which is destroyed by heat. A pro¬ 
tein, lysozyme^ capable of dissolving certain 
bacteria has recently been prepared from egg 
white in a crystalline state (E. P. Abraham and 
R. Robinson, Nature, 1937, 140, 24 ; c/. aUo 
Meyer, Thompson, Palmer and Khorazo, J. Biol. 
Chem. 1936,113, 303). 

Surrounding the yolk is the vitelline mem¬ 
brane. This is made up of three layers, an outer 
and inner of mucin and an intermediate layer 
of keratin ; the average thickness of the 
membrane varies from 12 to 26^ and its bursting 
strength averages 4,000 dynes/cm. (T. Moran, 
J. Exp. Biol. 1936, 18, 41). The yolk is not 
homogeneous, but consists of rounded masses 
varying in diameter from 25p in the outer 
portion of the yolk to lOO-lSOfi towards the 
centre. The membrane (if such exists) surround¬ 
ing each of these masses is extremely delicate, 


as they immediately break down when simply 
allowed to flow. The structure in the intact yolk 
can be demonstrated by fixing the yolk in 
Zenker formol solution ^ for about 10 days, when it 
readily crumbles into a mass of polyhedra of the 
above dimensions. If, however, the yolk is 
broken and stirred before fixing it remains a 
homogeneous intact mass. 

Egg yolk has the following approximate [)er- 
centage composition: 

Water .50 

Protein.16 

Eat (ether extract) . . . 30-32 

Cholesterol.1-3 

Glucose (free and combined) 0*3 

Ash. 1*1 

Approximately 10% of the fat is phosphatide, 
chiefly lecithin. Cruickshank (Biochem. J. 
1934, 28, 965) gives the following analysis for 
the total fatty acids of normal egg yolk : 

Iodine value.84*4 

Mean molecular weight . . 280-5] 

Saturated acids .... 31*4% 

Oleic acid.46-7% 

Lin oleic acid.19*0% 

Linolenic acid.2-9% 

She also found that in the synthesis of egg fat 
the hen exerts a selective influence ; thus while 
the degree of saturation and the proportion of 
the component fatty acids could be con¬ 

siderably modified by the ingestion of un¬ 
saturated fatty acids, the ingestion of saturated 
acids had relatively little effect in altering the 
normal composition of the fat and in no case 
could the iodine value be reduced below 80. 

The two yolk proteins, vitellin and livetin, 
have been prepared in the pure state by Kay 
and Marshall (Biochem. J. 1928, 22, 1264). 
Vitellin exists in the yolk as a complex with 
lecithin, and as the lecithin is removed it becomes 
progressively less soluble. Egg yolk is diluted 
with an equal volume of 10 % sodium chloride, 
the mixture thoroughly extracted with ether 
and the resulting clear aqueous layer diluted 
with 15-20 volumes of water. The lecitho- 
vitellin is almost completely precipitated. If 
the filtrate is half-saturated with ammonium 
sulphate a further protein is precipitated. This 
is taken up with water and ammonium sul¬ 
phate added to bring its concentration up to 
25%. The solution is filtered and sufficient 
ammonium sulphate added to bring the con¬ 
centration of the salt to half-saturation, when 
livetin is precipitated. The precipitated protein 
is dissolved in the minimal quantity of water 
and the lipins removed by alcohol-ether ex¬ 
traction at — 15°C. 

The relative amounts of vitellin and Hvetiu 
in the yolk of the hen’s egg are approximately 
3-6 to 1*0. Kay and Marshall’s analyses of the 
two proteins are shown in table at top of p. 256. 

Onoe (J. Biochem. Japan, 1936, 24, 1) has 
also isolated a mucoid from the yolk with pro¬ 
perties similar to those of ovomucoid. 

The pigments of egg yolk consist of a number of 
isomers of xanthophyU, particularly lutein (H. 

^ Percentage composition: potassium bichromate 
2*5; sodium sulphate 1*0; mercuric chloride 5*0; glacial 
acetic acid 5 0 ; formaldehyde 5*0; water 81-5. 
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EGG. 



Vitellin. 

% 

LIvetin. 

% 

Tyrosine .... 

6*0 

5*2 

Tryptophane . 

1*6 1 

2*1 

Cystine .... 

1*4 

3*9 

Phosphorus 

— 

0*05 

Sulphur .... 

0*6 

1*8 


Brockmaim and 0. Vdlker, Z .physiol. Chem. 

1934, 224,193) ; the amount of earoteno present 
does not exceed 0-02 mg. per 100 g. of yolk 
(A. E. Gillam and 1. M. Heilbron, Biochem. J. 

1935, 29, 1064). The yolk may contain also 
other pigments derived by the hen from its 
food. Oats, rice, wheat, milk, meat, fish meal 
and barley give white or pale coloured yolks. 
Yellow maize, green foods and alfalfa meal 
generally give richly coloured yolks. Cabbage 
gives a bright orange red, clover a medium 
orange red, red beet a dark yellow, and beet or 
oat germ a light yellow. Linseed meal can give 
green yolks, while certain weeds such as penny- 
cress and shepherd’s purse give rise to yolks of an 
olive tint (E. T. ilahian, Bull. No. 7 of the 
Ministry of Agriculture, 1936). The slight 
green-yellow colour of the white is ascribed to 
Vitamin Bg ; eggs are a rich source of this 
vitamin and relatively good sources of vitamins 
A, D and E. 

Under the germinal disc extending to the 
centre of the yolk is a column of white yolk, and 
this is surrounded by alternate layers of yellow 
and white yolk. The white yolk is the first food of 
the embryo and it is of interest to note that it 
differs markedly in chemical composition from 
the remainder of the yolk, being much nearer 
that of growing tissues. 

Water. Profeln. Fat. Lipoids. Ash. 
Yellow yolk 46*40 16*04 26*25 11*16 0*44 
White yolk 86*66 4*60 2*39 1*13 0*62 

The total amount of white yolk is less than 5%. 

When the fertile egg is laid development of 
the germ has taken place during its passage 
down the tract. When the egg cools to below 
20*5° (C. L. Edwards, Amer. J. Physiol. 1902, 6, 
361) further development stops and it remains 
inactive until the temperature is raised again. 
The longer the egg is kept before incubation, 
even under favourable conditions, the lower is 
the percentage of hatchability ; it falls to 80% 
of the normal in 14 days, 70% in 21 days, 30% 
in 28 days and under 10% in 32 days. The 
viability of the dormant embryo is best main¬ 
tained if the egg is stored at 8-10°, preferably in 
an atmosphere containing 2*6% carbon dioxide. 

When the egg is laid there is a marked differ¬ 
ence in osmotic pressure between the yolk and 
white of the order of 1*8 atmospheres (A yolk= 
0*62, A white~0*45). In the course of time, 
depending upon the temperature, the freezing- 
points tend to equalise, e.g, 76 days at 26°, but 
many months at 0° (M. Smith and J. Shepherd, 
J. Exp. Biol 1931, 8, 286). The equilibration 
is slow, but there is no evidence of its being pre¬ 
vented by any chemical reaction taking place 
at the vitelline membrane ; it is probably to be 
associated with the complicated structure of 
the yolk and to a lesser extent of the white. 


Eggs in shell are usually preserved by one of 
the following methods: (1) hi saturated lime 
water sometimes containing about 6% salt ; 
(2) in waterglass containing 2-5% of sodium 
silicate ; (3) cold storage ; (4) gas storage. 

In the first two methods the pores of the shell 
are sealed and they are likely to crack when 
boiled unless the shell is first punctured with a 
needle. By examination of the shells it is 
possible to distinguish the method of preserva¬ 
tion (J. K. Nicholls, Analyst, 1931, 56, 383). 
The temperature of storage should bo below 
45°F. and the quality of the eggs is still further 
improved the nearer the temperature is to 33°E. 

The bulk of the cold stored eggs are held at a 
temperature in the range 29-33°F. with a relative 
humidity not exceeding about 85%. Above this 
relative humidity there is risk of mould, although 
in the U.S.A. eggs are being stored at a humidity 
in the region of 90%, the slight mould that 
develops being regarded as secondary in 
importance to the smaller air cell. The air in the 
store should be free from odours and the 
boxes and packing made of non-odorous material, 
otherwise the yolks of the eggs will acquire an 
unpleasant taste. In many stores ozone at a 
concentration of ^-1 part per million is used to 
purify the air. Large quantities of eggs are also 
stored after a j)reliminary treatment with oil to 
seal the pores in the shell ; the air cell in such 
eggs does not increase during the storage. 
Among the changes that take place in an egg 
when it is cold stored are (1) an increase in the 
size of the air cell; (2) a liquefaction of the 
yolk and thick white ; (3) after about six 
months* storage an unpleasant taste in the yolk 
due probably to chemical change. 

Gas storage, Le. storage in a mixture of 
carbon dioxide, oxygen and nitrogen at 29- 
33°r., has been suggested to overcome some 
of the defects of cold storage. In the U.S.A. 
eggs are being stored in air containing about 
0*55% of carbon dioxide, whilst in Europe 
there are a number of patent processes based 
on the storage of eggs in high concentrations 
of carbon dioxide (>75%) with or without 
oxygen. Experiments have been described on 
the storage changes in eggs stored (a) in air 
containing 2*5% carbon dioxide, and (6) in air 
containing 60-100% carbon dioxide (T. Moran, 
J.S.C.I. 1937, 56, 96T). Carbon dioxide in any 
concentration preserves the flavour of the yolk. 
With concentrations >60% a saturated humidity 
can be used so that there is no increase in the 
size of the air cell ; there is also less liquefaction 
of the yolk, but the thick white shrinks con¬ 
siderably, giving a very fluid white. Low 
concentrations of carbon dioxide (c. 26%) 
preserve the quality of the yolk and white, 
but as they have to be combined with a relative 
humidity of about 85% give the same air cell as 
will storage in ordinary air. 

Large quantities of eggs are preserved in the 
frozen and dried condition either as yolks, whites 
or mixed yolk and white for use in confectionery, 
ice cream, mayonnaise, etc. For the preparation 
of the frozen product the eggs are chilled, 
candled (to remove rots) and broken up and 
smelled to detect musty eggs. Once open the 
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egg is readily attacked by bacteria and it is 
essential therefore to conduct all operations with 
the utmost regard for hygiene and to freeze the 
product rapidly at as low a temperature as 
possible and to store at a temperature not above 
about 15°F. Dried yolk is made chiefly by the 
spray process at a temperature of about 160°F. 
by a technique similar to that used for certain 
milk powders. In the case of the white it is 
first allowed to ferment with or without added 
trypsin and then dried in shallow trays or on 
belts at about 120“F. There is an extensive 
literature on frozen and dried eggs (M. E. 
Pennington et al.f U.S. Dept. Agrie. Bull. 1916, 
No. 224 ; L. G. Conner, Food Ind. 1930, 2, 62 ; 
A. W. Thomas and M. I. Bailey, Ind. Eng. 
Chera. 1933, 25, 669). 

T. M. 

EGG FRUIT. The fruit of Solanum 
melongena (or S. esculentum Dunal), a tropical or 
sub-tropical plant grown largely in China, 
Japan and the United States. Three varieties 
are marketed, viz.: 

(I) Common egg fruit (var. esculentum)^ 

yielding purple and also white egg- 
shaped fruit. 

(II) Dwarf purple egg fruit (var. depressum). 

(III) Snake egg fruit (var. serpeniinum)^ 
which are more elongated in shape. 

Reported analyses of the fruit include : 




11. 

Ill. 

Water .... 

92-27 

92-9 

89-6-93-3 

Protein 

1-52 

1-2 

1-07-2-31 

Fat .... 

0-08 

0-3 

0-05-0-3 

Nitrogen-free ex¬ 
tract. 

4-52 

4-30 

3-05-6-47 

Reducing sugars . 

— 

— 

1-31 

Sucrose . . . | 

— 

— 

0-63 

Fibre .... 

0-89 

0-80 

1-54-0-77 

Ash ... . 

0-70 

0-50 

0-54-0-69 

Starch 

— 

™ ■ 

1-57 


T. Uoinmon egg fruit (Serbia) (Zega, Cheiii.-Ztg. 
1898, 22, 975). 

II. Common egg fruit (IJ.S.A.) (Atwater and 
Bryant, U.S. Dept. Agrie. Olf. Exp. Sta. Bull. 190«, 
No. 28). 

III. Snake egg fruit (various sources). 

Changes in the composition of fruit during 
development and ripening are reported by 
Culpepper and Moon (J. Agrie. Res. 1933, 47, 
705) in an investigation of the cause of darkening 
of the fruit during cooking and canning. 
Approximately 2% of phytin occurs in the fruit 
(Bagaoisan, Philippine Agrie. 1932, 21, 63). 
Kuroda and Wada (Proc. Imp. Acad. Tokyo, 
1933, 9, 51 ; 1936, 11, 235) show the pigment 
of the common egg fruit to contain delphinidin 
derivatives. 

Various analyses of the minor constituents of 
the ash of the fruit include, Mn 31*1 and Cu 
12*7 mg. per kg. of dry fruit tissue (Remington 
and Shiver, J. Assoc. Off. Agrie. Chem. 1930, 
18, 129) ; Fe 6*1 mg. per kg. of fresh fruit 
(Peterson and Elvehjem, J. Biol. Chem. 1928, 
78, 216) ; and Zn 2*8 mg. per kg. (fresh) (Ber¬ 
trand and Benzon, Bull. Soc. hyg. Aliment. 
1928, 16, 467). 

A. G. Po. 


EGOLS. Potassium mercury salts of o- 
nitro-p-sulphonates of phenols, e.g, of phenol 
{phenegol), cresol {cresegol), etc., used as powerful 
bactericides (E. Gautrelet, Compt. rend. 1899, 
129, 113 ; J.S.C.I. 1899, 18, 864). 

EGYPTIAN BLUE is the blue pigment 
characteristic of ancient Egyptian pottery and 
other glazed ornaments. Although older writers 
had mentioned Egyptian blue (casruleum), 
Vitruvius was the first to describe its prepara¬ 
tion by fusing sand, soda and copper filings. 
Nevertheless, the exact method of manufacture 
remained unknown between A.D. 200-700, 
possibly because of insufficient control of heating, 
as later work has shown that the pigment is 
only formed in the temperature range 830-900°C. 
(Laurie, McLintock and Miles, Proc. Roy. 
Soc. 1914, A, 89, 418). 

Modern research on Egyptian blue was 
initiated by Humphry Davy (Phil. Trans. 
1815), who analysed typical specimens and 
obtained similar products artificially. A 
century later, Laurie, McLintock and Miles 
(Z.r.) showed that the blue is due to the complex 
silicate CaOCuO^SiOg, which had been 
prepared previously by Fouque (Compt. rend. 
1889, 108, 325). 

Egyptian blue is unaffected by moisture and 
most chemical reagents, although A. Lucas 
(Analyst, 1926, 51, 435) mentions some curious 
instances where the pigment on wooden and 
gypsum antiquities had apparently exerted a 
very marked corrosive action. The systematic 
use of cobalt in anefient blues of this type appears 
doubtful, although its presence in some Egyptian 
beads, etc., is certain (Lucas). 

Literature. —J. Partington, “ Development of 
Applied Chemistry,” 1935, p. 117. 

EHRLICH 418 and 914 v. Arsenicals, 
Organic (VoI. I, pp. 49H>, 492a). 

ElKONOGEN. Sodium salt of l-amino-2- 
hydroxynaphthalene-6-sulphonic acid, intro¬ 
duced by Andresen as a photographic developer 
in 1889. The name is also applied to a direct 
photographic printing process in which the 
sensitive paper is surfaced with albumin which 
has been treated with eikonogen and a metal 
salt or aniline sulphate (R. Meldola, J.S.C.I. 
1889, 8, 958). 

EISEN-PORTLAND CEMENT 

Building Materials (Vol. II, p. 1466). 

EKSANTALAL, the aldehyde obtained by 
the oxidation by ozone of the sesquiterpene 
primary alcohol a-santalol: 


CH 


CMeCHaCH2CH:CMeCH20H 


CH 



It has b.p. 109-110710 mm., aj^ -{-13-57 
0-9845, rip 1‘48619 (Ber. 1910, 48, 1723). 


VoL. IV.—17 
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EKTOGAN. 


EKTOGAN. Trade name for 40-60% 
zinc peroxide with zinc oxide, used as an 
antiseptic in dusting powders and ointments 
(Thoms, Pharmazie, VoL VI, [i], 1927, 654). 

EL/EOMARGARIC ACID v. ELiEO- 
STEARio Acid. 

ELiCOPTENE. The volatile portion of an 
essential oil, used in contradistinction to the 
atearopterie or solid portion. 

EL>COSTEARIC ACID, clicomargaric 
a(‘id, CjgH 3 Q 02 , 

CHa LCHgls ^CHrCHJaiCHa]; COOH 

There are two well-established stereo-isomeric 
forms of this acid, known as a- and jS-elaeostearic 
acid, melting at 48° and 73° respectively. In 
addition, the following substances have been 
reported to be stereoisomerides of these acids : 

Couepic acidy m.p. 74-75°C., from the oil of 
Couepia grandiflora Benth. (van Loon and 
Steger, Rec. trav. chim. 1931, 50, 936 ; 1932, 51, 
345). 

Punicic acidy m.p. 43*5-44°C., from pome¬ 
granate seed oil {Punica granatum L.) (Toyama 
and Tsuchiya, J. Soc. Cheni. Ind. Japan, 1935, 
38, 182 ; Farmer and Van den Heuvel, J.C.S. 
1936, 1809). 

Tvichosanic acidy m.p. 35-35-5°C., from the 
oil seed of Karasu-uri {Tvichosanthes cucumeroides 
Maxim.) (Toyama and Tsuchiya, Z.c., p. 185) 

Glyceryl tri-a-elaeostearate, m.p. 47°, con¬ 
stitutes 76-90% of tung oil (Chinese wood oil); 
it is converted into the glyceride of the j3-acid 
by exposure to ultra-violet light for 24 hours 
(Eibner, Merz and Munzert, Chem. Umschau, 
1924, 81, 69 ; Bdeseken and Ravenswaay, 
Rec. trav. chim. 1925, 44, 241 ; Boeseken, Smit, 
Hoogland and van den Brock, ibid, 1927, 46, 
619). The determination of the mixed acids in 
tung oil by spectroscopic means is discussed by 
Dingwall and Thomson (J. Amer. Chem. Soc. 
1934, 56, 899). For a study of the isomerisation 
of the a- and /S-acids and their salts, see Eigen- 
berger, J. pr. Chem. 1933, [ii], 136, 75. 

Elasostearic acid was formerly regarded as an 
isomer of linoleic acid, since its iodine value 
(160-170) corresponds to the presence of two 
double bonds in the molectde. The a-acid 
yields a dibromide, m.p. 91°, a tetrabromide, 
m.p. 116°, while the ^-acid yields a dibroraide, 
m.p. 96°, and a tetrabromide, m.p. 116°, 
together with an oil (Ishio, J. pharm. Soc. Japan, 
1923, No. 601, 789 ; Parker, Rao, Robertson 
and Simonsen, Indian Forest Records, 1923, 
10, 11). Bromination of a- or )?-eleeostearic acid 
in carbon tetrachloride solution with the 
theoretical quantity of bromine in the presence 
of ultra-violet light yields a crystalline hoxa- 
bromide, m.p. 157% and a liquid hexabromide 
contaminated with bromine substitution pro¬ 
ducts (Boeseken, Smit, Hoogland and van den 
Brock, Z.c. ; Bauer and Rohrbach, Chem. 
Umschau, 1928, 85, 53 ; van Loon, Rec. trav. 
chim. 1931, 50, 32). A hexathiocyanate has 
also been report (Kaufmann, Chem. Umschau, 
1930, 87, 113). The presence of three double 
bonds in the molecule is confirmed by the 
molecular refractions of the glycerides and 
esters of both acids, and by the addition of 
nearly three molecules of hydrogen per molecule 


under the influence of finely di^dded nickel 
(Boeseken and Ravenswaay, l.c., and Proc. K. 
Acad. Wefcensch. Amsterdam, 1925, 28, 386). 
For the preparation of ethyl A^^-octadecadieno- 
ate and ethyl A^-octadecenuate by the reduction 
of the a- or ^-esters, see Boeseken, van Krimpen 
and Blanken, Rec. trav. chim. 1930, 49, 247. 
The tetrabromide of the a-acid yields an 
acetyl derivative of tetrabromodihydroxy- 
atearic acid, m.p. 106°, by the acition of peracetic 
acid. 

Ozonolyais or permanganate oxidation of 
ela‘ 08 tearic acid gives glyoxal, azelaic and 
valeric aldehydes, or the corresponding acids 
(Vcrcruysse, Bull. Soc. chim. Bolg. 1923, 32, 
161 ; Eibner and Rossmann, Chem. Umschau, 
1928, 35,197). For the atmospheric oxidation of 
)3-elai08tearic esters, see Miller and Rohrbach, 
Ind. Eng. Chem. 1929, 21, 338. 

Maleic anhydride derivatives of the glycerides 
of a- and /S-elccostearic acids, and their use in 
varnishes, etc., are described by Morrell, Marks 
and Samuels, J.S.C.l. 1933, 52, 130; and 
Adam, Morrell and Samuels, ibid. 1934, 53, 
260 ; r/. U.S.P. 1898088. For a study of their 
drying properties, see Gee and Rideal, Proc. Roy. 
Soc. 1935, A, 158, 116 ; Hughes, J.C.S. 1933, 
338). For the maleic anhydride derivatives of 
a- and jS-elaeostearic acids (m.p. 62*5° and 77° 
respectively), see MorreU and Samuels, J.C.S. 
1932, 2251 ; they are converted to hydroxy- 
derivatives by hydrogen peroxide in acetic acid 
and can be reduced catalytically (Morrell and 
Davis, J.S.C.l. 1936, 56, 237). 

For the K, Na and Cu salts, and the methyl, 
ethyl, iso-amyl and glycol esters of a-eheostearic 
acid, and for the amide, ethyl ester and 
hydrazide of j3-ela^ostearic acid, see Nagel and 
Griiss, Wiss. Veroff. Siomons-Konz. 1925,4, 284. 

a- or /S-Elaeostearic acids or their esters 
when heated at temperatures between 200° and 
300° undergo complex changes, in which both 
cyclisation and polymerisation processes pro¬ 
bably occur ; see Mazurae and Nagao, J. Soc. 
Chem. Ind. Japan, 1928, 31, 473 ; Rossmann, 
Fettchem. Umschau, 1933, 40, 96, 117 ; Steger 
and van Loon, ibid. 1936, 48, 17). 

ELAIDIC ACID, C 18 H 34 O 2 , 

CH3[CH2VCH;CH[CH2]7C00H, 

m.p. 61°, b.p. 226°/10 mm. The preparation of 
the pure acid is described by Keffler (Rec. trav. 
chim. 1930, 49, 415) and by Lutenberg (Fett¬ 
chem. Umschau, 1935, 42, 89). It is normally 
obtained by the isomerisation of oleic acid (the 
elaidin reaction), a process which may be 
effected by several methods : (a) by nitrous 
fumes, or by nitric acid of sp.gr, 1-2, or by a 
solution of mercury in nitric acid of sp.gr. 1*42 
(Edmed, Chem. Soc. Proc. 1899, 190 ; Griffiths 
and Hilditch, J.C.S. 1932, 2316) ; {b) by 1% 
of sulphur at 200-220° (Rankoff, Ber. 1931, 
64, [B], 619) ; (c) by 0*6% of selenium at 160° 
(Bertram, Chem. Weekblad, 1931, 38, 637) ; 
(d) by phosphorus in the presence of water 
(Rankoff, Ber. 1936,69, [B], 1231). By similar 
methods olive oil may be converted to the glycer¬ 
ide, trielaidiny m.p. 36°, from which elaidic acid 
may be obtained by hydrolysis. For a synthesis 
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of elaidic acid from ^-chlorononaldehyde, see 
Noller and Bannerot (J. Amer. Chem. Soc. 1934, 
66 , 1563). 

The acid has been assigned the <m?t«-configura- 
tion by comparison of its properties with those 
of oleic acid, which is the cw-form ; elaidic 
acid has the higher melting-point, the lower heat 
of combustion (Keffler, l.c.) and the lower 
parachor (Semeria and Ribotti-Lissone, Gazzetta, 
1930, 60, 862). 

It is soluble in the ordinary organic solvents. 
With bromine in petroleum it forms a dibromide, 
m.p. 29-30'^ (Holde and Gorgas, Z. angew. Chem. 

1926, 39, 1443) ; and with hypochlorous acid 
it yields a mixture of chlorohydrins (Hashi, 
J. Soc. Chem, Ind. Japan, 1936, 39, 18B). An 
addition compound with hydriodic acid has been 
described (G.P. 180087). Catalytic reduction 
with hydrogen yields stearic acid. 

The melted acid absorbs oxygen from the air 
and becomes permanently liquid. Its autoxida- 
tion in the presence of cobalt oleate is discussed 
by Ellis (Biochem. J. 1932, 26, 791). Oxidation 
with alkaline permanganate yields a dihydroxy- 
stearic acid of m.p. 99-5° (oleic acid gives an acid 
of higher melting-point) and a mixture of 
degradation products (Saytzeff, Ber. 1886, 19, 
21 ; Edmed, J.C.S. 1898, 73, 627). On decom¬ 
posing with water the product obtained by the 
action of sulphuric acid (sp.gr. 1'80) on elaidic 
acid, the hydroxy stearic acid formed is the same 
as that similarly obtained from oleic acid (M. and 
A. Saytzeff, J. Russ. Chem. Soc. 1886, 18, 328 ; 
Tscherbakoff and Saytzeff*, J. pr. Chem. 1898, 
[ii], 57, 27). Oxidation of elaidic acid by 
hydrogen peroxide in acetic acid or in acetone 
gives a 9:10-dihydroxy8tearic acid, m.p. 132°, 
(Hilditch, J.C.S. 1926, 1828; 1928, 1576), 

whereas oxidation by acpieous sodium chlorate 
in the presence of osmium tetroxide yields a 
9:10-dihydroxy8toaric acid of m.p. 95°, admixed 
with oleic acid (Medvedev and Alexeeva, A. 

1928, 394). 

For Ca, Hg and Ag salts, see Klimone, 
J. pr. Chem. [ii], 1925, 109, 265. The prepara¬ 
tion of the butyl-, imhutyl- and allyl- esters 
has been described by Plison and Goldendeev 
(Rep. U.S.S.R. Fat and Margarine Inst. 1935, 2, 
3), and that of the phenyl ester, m.p. 22°, b.p. 
266-257°/12 mm., by Skraup and Beng (Ber. 

1927, 60, [B], 942). For a-polmito-pa -dielaidin, 
a-stearyl-^a -dielaidin and a-elaido-pa -dipalmi- 
tin, see Borner and Kappeller (Fette u. Seifen, 
1937, 44, 340). For p-chloro-, p-bromo-, p-iodo- 
and p-phenyl-phenacyl elaidate, m.p. 66°, 66°, 74° 
and 73*5° respectively, see Kimura (J. Soc. Chem. 
Ind. Japan, 1934,37,164). For cholesteryl ester, 
m.p. 66°, [a]^® —23*7°, see Page and Rudy 
(Biochem. Z. 1930, 220, 304). For the thio¬ 
cyanate, m.p. 79°, see Kimura (J. Soc. Chem. Ind. 
Japan, 1930, 83, 68). 

For the determination of the acid by its 
p-aminoazobenzene condensation product, m.p. 
lll*5-112-6°, see Escher (Helv. Chim. Acta, 

1929, 12, 27), and for the determination of 
oleic-elaidic acid mixtures, see van der Steur 
(Rec. trav. chim. 1927, 46, 409). 

An anhydride, m.p. 46*4°, is described by 
Holde and Rietz (Ber. 1924, 57, [B], 99). An 


ester of the isomeric A‘-acid has been obtained 
by partial hydrogenation of ethyl A^^-linoleate 
(Boeseken and Hoevers, Rec. trav. chim. 1930, 
49,1161). 

ELARSON. Trade name for strontium 
chloroarsenobehenolate, a substitute in medicine 
for white arsenic. Ferro-clarson contains, in 
addition, reduced iron (U.S. Dispens.). 

ELAT ERIN v. Elaterium. 

ELATERIUM is a sediment obtained from 
the juice of Ecballium Elaterium Richard, 
commonly known as the wild or squirting 
cucumber, a perennial trailing plant indigenous 
to the Mediterranean regions. Malta is the 
chief source of the drug. It is not now official 
in the British Pharmacopoeia. 

It occurs in thin, opaque, curved pieces, pale 
green in (colour if fresh, but becoming greyish- 
green and finally yellowish-grey on keeping. 

By extracting elaterium with boiling alcohol, 
precipitating with water, and recrystallising the 
precipitate from alcohol a mixture of crystalline 
substances, known as elaterin, is obtained. Good 
English elaterium yields from 20 to 26% and 
Maltese about 14 to 17% of elaterin. 

Elaterin is a neutral bitter compound insoluble 
in hot or cold water. It is readily soluble in 
I alcohol, but sparingly so in ether. With 
Froehde’s reagent it gives first a green and then a 
brown colour. A solution in melted phenol 
becomes crimson, changing to scarlet on adding a 
few drops of sulphuric acid. 

Power and Moore (J.C.S. 1909, 95, 1985) 
isolated from an alcoholic extract of the fresh 
fruit a colourless crystalline product, m.p. 217- 
220°, which was non-homogeneous. It was 
found to consist of at least two substances: 
a-elaterin, m.p. 230° (decomp.), lasvo-rotatory 
and physiologically inactive, and /S-elaterin of a 
lower melting-point, dextro-rotatory and purga¬ 
tive in its action. 

Commercial elaterin contains 60-80% of 
the inactive a-elaterin, but it is a more reliable 
preparation than elaterium, which is liable to 
admixture with chalk and starch. 

J. J. B. 

ELDERBERRY. The fruit of species of 
Sambucus. Three species are usually distin¬ 
guished. 

(i) The black-berried European elderberry, 
S. nigra. 

(ii) The purple-berried American variety, S. 
canadensis. 

(iii) The red-berried American elder, 8. 
pubens Mich., also described as 8. racemosa, 
var. puhescens Dipp. 

The berries are used for preparing wine or 
syrup or a form of brandy, the latter being said 
to contain 39*2% of alcohol by weight. Analyses 
of the black elderberry, by Hotter (Z. landw. 
Versuchsw. Oesterr. 1906, 9, 747), and of the 
red American form, by Mach (1917), are shown 
in the table at top of p. 260. 

The ash of the black elderberry contains 
KjO 4-5%, HaP 04 14% and CaO 8 %. The 
corresponding values for fruit stems are recorded 
as 14%, 10-6% and 40% respectively. From 
the juice of the European variety Karrer and 
Widmer (Helv. Chim. Acta, 1927, 10, 67) 
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ELDERBERRY. 


Per cent. 

*S'. n^gra. 

•S', pubena. 

W ater . 

81-9-79-1 

81*4 

Protein. 

2*6 

2-2 

Fat. 

— 

5-5 

Acids (as mahe) . 

0-9-]-3 

— 

Total sugars .... 

4-7-5-8 

— 

Total carbohydrates . 

— 

4*8 

Dextrose. 

2r)~30 

— 

Lajvulose. 

21-2-9 


Tannin. 

0-29-0-22 

— 

Fibre. 

6-3 

60 

Ash. 

0-r)3-0-79 

10 


isolated mmhuciti^ a cyanidin rliainiioglycoside, 
and Nolan and Casey (Proc. Hoy. Irish Acad. 
1928, 88, 03 ; 1031, 40, fP], 56) obtained the 
pigments chrysantiiejnin (a cyanidin mono- 
glucoside) and samJmcicyanin (a compound of 
chrysanthemin with a pentose glycoside f)f 
cyanin). 

Elderberry seeds yield 25-30% of oils, of which 
the following analyses are reported : 



1. 

n. 

ITT. 

Sp.gr. 15° 

0-9171 

0-9072 

0-9320-0-9523 



(20”) 

Refractive in¬ 
dex, 20° 
Solidification 

1-472 

— 

1-4781-1-4796 

point 

— 

-8° 

— 

Melting-point . 
Free acid (as 


0° 

—' 

oleic) 

Saponification 

— 

0-65 


value 

196-8 

209-3 

186-6-195-9 

Iodine value 
Reichert-Meissl 

89-5 

81-4 

162-0-171-7 

value 

Unsaponifiable 

1-8 

1 -54 

— 

matter . 

— 

0-66 

1-48-4-0 


I. S. racemosa (Zcllner, Moiiatsh. 1902, 23, 937). 

II. racemosa, var. arhorescet^s (Byers and 
Hopkins, J. Amcr. Chein. Soc, 1902, 24, 771). 

HI. ca7iaden8i8 (Schnette and Brooks, Oil and 
Soap, 1936, 13, 314). 

Byers and Hopkins calculate the composition of 
the oil of tS. racemosa to be palmitin 22, olein 
67*9, linolein 5-7, caprin, caproin and caprylin 
3%. Zellner also reports small proportions of 
arachidin. In thin films the oils dry more 
rapidly than does linseed oil. 

Elder leaves and stems are reported to contain 
coniine (Gazzotta, 1895, 25, i, 49). In an exami¬ 
nation of elder bark Malm6jac (J. Pharm. Chim. 
1901, 14, 17) obtained an alkaloid, sambucine 
(to which is attributed the purgative action of 
the bark), a tannin, a resin resembling scammony 
and a reddish oil possessing the odour of elder. 
Elder pith contains xylan and araban (Brown 
and ToUens, Ber. 1902, 35, 1467). A cyano- 
genetic glucoside, sambunigririy Cj^Hj^OgN, 
m.p. 161-162°, occurs in elder leaves (0*126 g. of 
HCN per kg. of fresh leaves) and has been 
examined by Guignard (Compt. rend. 1905, 141, 
16) and by Bourquelot and Daniou (ibid, 69, 


698). Emulsin converts the glucoside into 
dextrose, benzaldehyde and hydrocyanic acid. 
According to Ravenna and Tonegutti (Chem. 
Zentr. 1910, I, 544) the active enzyme in 
the plant is insoluble in water. The amount of 
HCN obtained from stalks is greater than from 
other parts of the plant. 

A. G. Po. 

ELECAMPANE v. Alant Root (Vol. I, 
p. 1765). 

ELECTRARGOL. Trade name for a 
colloidal solution of silver administered by intra¬ 
venous or intramuscular injection in general 
systemic infections. 

ELECTRIRIDOC (Colloidal Iridium). 

ELECTRODEPOSITION AND 

ELECTROPLATING. The applications of 
the relatively simple process of electrolysis to the 
art of electrodeposition have, during the past 
century and more especially in recent times, 
provecl to be far-reaching and of considerable 
industrial importance. From the earliest pro- 
[ duction and use of what was then called voltaic 
current, pioneers saw the possibilities of the 
extended use of this new })ow er for the extraction 
of metals and the production of numerous 
chemical materials. The alkali metals gave the 
first examples of electrolytic production of 
metals, but the larger application of deposition 
by electrolysis had necessarily to await the 
time for the availability of this current on an 
economic scale. Nevertheless, the production 
of relatively thin films of metals for protective 
and decorative purposes was developed a century 
ago, silver and gold being among the metals 
first applied in this manner. 

3\)-ciay, electrodej>osition finds its application 
for many different purposes. Decoratively, 
deposited metals add the note of pleasing 
appearance to baser metals devoid of attractive 
features. As a means of protection against 
corrosion, many metals, including zinc, cad¬ 
mium, gold, silver, copper, platinum, nickel, 
cobalt and others, offer advantages in the form 
of a thin deposit. The process of reproduction 
known as electrotyping or electroforming is now 
a century old, although its applications have 
been extended into a wider range of industry, 
in, for example, the production of the matrices 
from which gramophone discs are stamped. In 
the world of engineering, deposited metals, 
notably nickel, have been found to supply a 
method of not only building up w'orn parts and 
thereby putting expensive machine components 
into continued service, but the method has been 
applied in the original production of these parts 
on account of the superior resistance to wear 
which is shown to a remarkable degree in such 
deposited metals. 

Lastly, the processes of electrolytic extraction 
and refining are major applications concerned 
with vast quantities of metals. It may be 
recalled that three-quarters of the world’s 
copper and one-quarter of its lead are refined 
electrolytically; that vast quantities of zinc and 
nickel and smaller amounts of other metals such 
as cadmium, silver and gold are extracted 
electrolytically. Finally the production of 
aluminium and the alkali metals by extraction 
processes are important operations which do not 
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ordinarily come under the heading of electro¬ 
deposition. 

Simple Theory.—These processes find their 
foundation in the changes which take place when 
a p.d. is applied by means of suitable electrodes 
immersed in solutions of numerous metallic 
salts. Such salts are appreciably ionised, 
the metal ions migrating to the cathode and 
usually being deposited there, while at the anode, 
if of appropriate metal, the salts are reformed 
by the anode metal, passing into the ionic form. 
These are the conditions which make for con¬ 
tinued deposition. Alternatively, if an insoluble 
anode is used, secondary reactions take place 
wlii(‘h lead to a depreciation of the metal 
content of the solution and the need, therefore, 
for other means of maintaining the metal ion 
concentration. Normally, ionic migration is 
extraordinarily slow. Copper ions under the 
usual conditions of deposition would take nearly 
fiO hours to migrate between an anode and 
cathode 10 cm. a])art. In any case, the transport 
number of the metal ion is only a fraction of the 
total current which is responsible I'or deposition, 
and hence the need for some type of moven»ent 
in the form of circulation or agitation in pra^dical 
deposition. 

Quantitative Electrodeposition. — The 
deposition of metals follows the known laws, 
including that of chemical equivalents enunci¬ 
ated by Faraday in 1835. According to these 
laws, the quantities of substance's liberated in 
electrolysis are (1) proportional to the coulombs 
passed per second, including, therefore, the con¬ 
ditions of current and time, and (2) the chemic'al 
equivalents of those substances. The latter law 
could have been deduced from the recognised 
laws of chemical combination, but Faraday was 
the first to show the quantitative relationship 
between the coulombs passed and the desired 
products in the form in which they could be 
accurately measured. 

The ampere-hour is thus associated with 
definite amounts of metals which cannot be 



Chemical 

equivalent. 

mg. per 
coulomb. 1 

g. per 

ampere- 

hour. 

lb. (av.) per 
1,000 
ampere- 
hours. 

i 

Cadmium . 

56 

0-58 

2-09 

4-6 

Chromium . 

8-75* 

0-091 

0-328 

— 

Copper (sul¬ 

phate) 

31-8 

0-329 

1-182 

2-61 

Copper (cyan¬ 
ide) . '. . 

()3-0 

0-658 

2-364 

5-22 

Cobalt . 

29-5 

0-305 

1-098 

2-42 

Gold— 

(chloride) 

65-6 

0-676 

2-436 

78 oz. troy 

(cyanide) 

197 

2-03 

7-308 

236 „ „ 

Iron 

28 

0-29 

1-044 

2-3 

Lead . . 

103-5 

1-071 

3-86 

8-51 

Nickel . 

29-3 

0-303 

1-09 

2-4 

Silver , 

108 

1-118 

4-024 

129 oz. troy 

Tin— 

(divalent) 

I 

59-5 

0-615 

2-21 

4-87 

(tetravalent) 

29-75 

0-307 

1-10 

2-43 

Zinc . . . 

32-5 

0-338 

1-22 

2-6 


* Hexavalent from CrOj, 


exceeded and may not be attained through 
failure to realise these quantitative conditions. 
The quantities of metals deposited by the 
coulomb, ampere-hour and 1,000 ampere-hours 
are shown in the table at the foot of the previous 
column. 

These quantities, it will be recognised, apply 
equally to the masses of deposits and of the 
mental dissolved from the soluble anodes. Under 
more practical conditions, these quantities are 
not exactly realised and the terms “ cathode 
efficiency ” and “ anode efficiency ” express the 
weights fleposited and dissolved respectively 
as percentages of those required by Faraday’s 
law. 

The calculation of the thickness of deposits is 
a matter of practical importance and depends 
upon the current density (current per unit area, 
usually amperes per sq. ft.), time and the density 
of the deposited metal. Tlieti : 

Thickness (in.) of deposit per hour with a 
given current density 

C.D.Xg. per ampere-hour 
]44x lf)*4x sp.gr. 

the individual terms of the expression being 
easily recognis(‘d. Gatliodo efiicieney is another 
factor whi(*h might bo introduced into the 
ex|)re8sion. 

in i^ractical deposition these quantitative 
results are in a few cases nearly approacjhed. 
In others, for exaiiiple in the deposition of 
chromium, the weight of deposit falls far short 
of theory, the current efficiency being of the 
order of only 12-5%. The physicial character of 
the deposit may Idc, and is in some cases, far 
more important than its theoretical quantity. 
Many circumstances operate to depreciate these 
physical properties. 

An excessive rate of deposition usually results 
in dark, powdery or “ burnt ” deposits, these 
also resulting from the use of solutions with too 
low metal content. In fact, rate of deposition 
and metal (iontent of the solution are closely 
related. The metallic salts which give good 
quantitative results are seldom serviceable for 
practical deposition, as they may not satisfy 
other requirements. 

Depositing solutions should (1) bo of high 
metal content with, in some cases, low metal ion 
concentration, (2) have good conducting power 
obtained by the addition in some eases of 
good conducting compounds, such, for example, 
as sulphuric acid with copper sulphate, (3) be 
stable in contact with the metals to be coated, 
thus avoiding the precipitation of the metal ions 
by simple immersion, which yields loose deposit 
on a dissolving surface ; hence the use in many 
cases of double cyanides ; (4) be stable against 
atmospheric conditions ; cyanide solutions are 
decomposed by acid fumes or by carbon dioxide; 
(5) effect good solution of the anode, thereby 
maintaining constant metal content of the 
solution ; (6) yield compact and adherent 

deposits; and (7) possess the power of “ throw¬ 
ing,” that is, the production of relatively 
uniform deposits upon irregular surfaces. The 
“ design ” of a depositing solution aims at the 
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satisfaction of as many of these conditions as 
possible, and it is not infrequently found 
that such solutions are more effective after 
some use, in other words, they are subject to 
“ ageing.” 

where it is not possible to obtain the required 
physical characteristics by the use of the 
inorganic compounds usually available, resort 
has been made to the use of ” addition agents,” 
substances which usually assume the colloidal 
form, migrate towards the cathode and are 
there deposited in minute quantities, sufficient, 
however, to induce fine crystalline structure, 
and with it good physical properties. 

Electrical Conditions. —In most examples 
of electrodeposition, including refining, soluble 
anodes are employed, thereby maintaining, 
within reasonable limits, the original composition 
of the solution. The electrical energy required 
is, therefore, that absorbed in overcoming the 
ohmic resistance of the solution. A low e.m.f. 
is a feature of this type of work, and with it a 
low tmergy consumption per unit weight of 
metal. Many examples require not more than 
1 volt at the electrodes. With copper deposi¬ 
tion at 1 volt; 


K.W.H. per ton— 


2,240x454x1 volt 
1 182x1,000 


860. 


In copper refining the bath voltage is as low as 
0*3 volt, representing a consumption of energy 
of 0*3X 860=258 units per ton. 

When insoluble anodes are in use, as in extrac¬ 
tion processes, definite chemical changes occur 
resulting in the decomposition of one or more 
substances involving larger energy consumption. 
With electrolytic zinc extraction the reaction is : 

ZnSO^-{- H 2 O=Zn-l- 0-{- H 2 SO^ 

at anode 

This reaction theoretically requires about 2*3 
volts. The average figure in practice is of the 
order of 3*5, with a cathode efficiency of 90%, | 
giving rise to an energy consumption of: 


2,240x 454x 3-6x 100 
1*22x1,000x90 


=3,240 K.W.H. per ton. 


Deposition of Copper. —This is very largely 
prac*tised from two types of solutions. As a 
positive metal, copper is readily displaced from 
many of its solutions by simple immersion of a 
less electropositive metal, that is, without the 
application of electrical energy. Thus iron 
displaces copper according to the equation : 

Fe+CuS 04 =Cu+ FeSOi. 

A loose, powdery copper deposit is produced on 
an iron surface which is being dissolved away. 
Adhesion is impossible and the method entirely 
impracticable. A more stable solution such as 
the double cyanide, CuCN*2KCN, has, there¬ 
fore, to be used for the deposition of copper on 
most of those metals which require a copper 
surface either for protective or other purposes. 

The Acid Bath. —This, which is usually 
composed as follows: 

Copper sulphate, Cu 604 * 6 H 20 . 160-300 g. 

Sulphuric acid. 26-60 g. 

Water.to 1 litre 


is available for the deposition of copper on 
brass and similar electropositive metals, and for 
the refining of the metal, also for coating 
materials, such as wax, gutta-percha, plaster, 
earthenware, etc., which have first been rendered 
conductive. The composition may be varied 
widely. Strong solutions admit of more rapid 
deposition with the maintenance of good 
physical properties. The acid imparts con¬ 
ductance and, incidentally and advantageously, 
reduces the copper ion concentration. From 
such a solution copper may be deposited without 
agitation at a current density up to 40 amp. 
per sq. ft., while with efficient stirring the 
current density may be increased to 200-250 
amp. per sq. ft. High rates of deposition are 
attended by some depreciation in physical pro¬ 
perties, but these can be maintained by the 
addition of phenol to the extent of 1 g. per litre, 
after conversion into the sulphonic acid by treat¬ 
ing with twice its weight of strong sulphuric acid. 
The effect is not immediate, but some ageing 
effects a transformation of the phenol into more 
beneficial products. 

To secure adhesion of the deposit to a metallic 
base, the surfaces to be coppered must be free 
from greasy films and preferably slightly 
etched. In the case of brass, this is effected by 
passing through a hot caustic alkali solution 
containing about 5-10% of potassium or sodium 
hydroxide, or by making it the cathode 
for a short time in a weaker alkali containing a 
small amount of sodium cyanide. This process, 
with a number of variations, is usually referred.to 
as electrolytic cleaning. Subsequently, oxide 
films and tarnishes are removed by immersion in 
aqua foriis (usually containing oil of vitriol), 
which also ensures a degree of etching. During 
deposition the crystal structure of the metal 
may be continued in the deposit, thus ensuring 
the required adhesion. 

The deposit of copper is of salmon pink colour 
and dull, very little attempt having been made 
to secure (as with some other metals) bright 
deposits, which are not called for in these 
coatings. 

For deposition upon non-conducting sub¬ 
stances, such as wax, gutta-percha, etc., the 
following methods may be used : 

(1) Wax and gutta-percha. Thorough yet 
careful brushing with the finest plumbago 
causes sufficient to be retained to render the 
surface conductive. Such surfaces, when sus¬ 
pended in the copper solution, receive a deposit 
beginning at the metal connection and 
gradually spreading over the whole surface, 
the thickness of the deposit not being exactly 
uniform. 

(2) Plaster of Paris and uuglazed exirthenware 
may be rendered conductive by first soaking in 
linseed oil and allowing to dry. They are thus 
rendered impervious to the solution, and the 
skin of dried oil will now retain sufficient 
blacklead to impart the necessary conductance 
when this substance is applied by gentle 
brushing. 

(3) FtowerSf feathers and other delicate 
objects which will not withstand the pressure 
of even gentle brushing may be treated by 
simple chemical means to produce a fine layer of 
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a metal or sulphide on the surface. A usual 
method is to paint the objects or immerse them 
in a weak solution of phosphorus in carbon 
disulphide, and, after drying, a brief immersion 
in silver nitrate solution leads to the precipita¬ 
tion of silver, which imparts the necessary con¬ 
ductance. Again, the object to be treated may 
first be immersed in silver nitrate solution, and 
subsequently exposed to sulphuretted hydrogen, 
which produces a layer of silver sulphide, 
sufficient to cause the immediate deposition of 
copper at all points. 

A more successful method for wax and 
gutta-percha involves covering these substances 
with copper by simple precipitation. The 
substance, usually as a mould or impression of 
a surface to be reproduced in electrotype copper, 
is first blackleaded and then laid face up¬ 
wards in a solution of copper sulphate. Iron 
filings are then sprinkled on the surface. The 
filings in contact with the blackleaded surface 
produce innumerable voltaic couples, which 
bring about the deposition of copper quickly 
and completely. The mould is then rinsed to 
detach the filings, and placed in the bath, when 
copper is at once deposited uniformly over the 
whole surface. 

The Alkaline Bath. —As has been indicated, 
metals more electronegative than copper 
require a more stable solution from which to 
deposit copper. This condition is usually met 
by the use of cyanide solutions, which, in spite 
of their poisonous nature, possess considerable 
advantages. Of these compounds the double 
cyanide of copper and sodium is in extended use. 
It can be purchased as such, but is more usually 
prepared from the single cyanide or other copper 
compounds. There are numerous ways of 
preparing a solution of the desired composition; 
two examples each containing approximately 
25 g. of copper per litre are : 

I. 


Sodium cyanide 
Cuprous cyanide 
Sodium bisulphite 
Sodium carbonate 
Water 


. 45 g. 

. 35 g. 

. 20 g. 

. 20 g. 

. to 1 litre. 


The three sodium compounds are dissolved in 
less than a litre of water, the copper cyanide 
then being added and dissolved and the solution 
made up to 1 litre. 


II. 

Sodium cyanide . . . • 00 g. 

Copper carbonate (58%) . 40 g. 

Sodium bisulphite . . . 20 g. 

Water.to 1 litre. 


Again, the sodium compounds are dissolv’^ed in 
warm water and copper carbonate added, 
making up the bulk to 1 litre and allowing 
any slight sediment to settle. 

Alternatively, a very effective solution, 
known as Chevreul’s solution, is made as 
follows: 

Sodium cyanide.35 g. 

Chevreul’s salt . . 28 g. 

(CuS08-CUaS08*2H«0) 

Water ... ... to 1 litre. 


The sulphites in these solutions serve to main* 
tain the solubility of the copper compound, 
thereby keeping the solution clear, with the pro¬ 
duction of brighter deposits than those which 
form in the presence of floating particles of 
undissolved compounds. 

These cyanide solutions are usually worked 
warm at about 50°C. Electrical operating 
conditions are not so definitely stated as with 
the acid bath, the usual aim being the pro¬ 
duction of a fairly bright but continuous deposit 
which will permit of the work, after rinsing, 
being transferred to the acid bath for the 
production of the required thickness of deposit. 
An evolution of hydrogen usually accompanies 
the deposition of copper from these solutions 
without detriment to the character of the 
deposit. 

More recently the following solution has come 
into use: 


Cuprous cyanide 
Sodium cyanide (total) 
„ „ (free) . 

Rochelle salt 
Sodium carbonate . 
Water. 


• 26 g. 

. 35 g. 

. 6 g. 

• bOg. 

. 30 g. 

. to 1 litre 


NaOH to bring the to 12-6 g. 


The solution is worked at ICO^’F. with current 
densities ranging up to 90 amp. per sq. ft., 
the solution being kept agitated. The deposits 
are brighter than those from the acid copper 
sulphate bath, while the rate of deposition with a 
current efficiency of 50% is equal to that of the 
acid bath with its usual current efficiency of 
100%. With a current density of 40 amp. 
per sq. ft. the rate of deposition is equal to a 
thickness of 0*0003 in. in 8 minutes. 

These solutions are serviceable for the 
deposition of copper on iron, zinc, tin, Britannia 
metal, pewter, etc., after appropriate preliminary 
cleaning. The electrolytic reaction is not so 
simple as with the acid bath, the essential 
copper compound, copper sodium cyanide 
(CuCN*2NaCN), yielding sodium as the 
cation with a complex copper anion. The 
solution contains a very low concentration of 
cuprous ions which are preferentially deposited 
with the formation of sodium cyanide at 
the cathode. At the anode the complex copper 
cyanide anion takes up more copper, and this 
requires sodium cyanide to take it into solution 
and prevent its adhesion to the anode. The 
effective working of the solution, therefore, 
requires an excess of sodium cyanide, commonly 
known as “ free cyanide.” This undergoes 
slow change to carbonates and other salts, 
possibly including formates, which seem to 
have a beneficial rather than a detrimental 
effect on the process, as carbonates may be 

E resent in quite large quantities without 
armful effect. 

Applications of Copper Deposit ion. —The 
metal is most extensively deposited as a covering 
for more negative and more corrodible metals, 
and as a preliminary deposit before coating with 
the more expensive metals. Deposits of copper 
on iron may be burnished or polished and the 
surface improved by metal-colouring when, 
by chemical processes, the surface is covered 
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with a uniform film of oxide or sulphide, e.gr. by 
immersion in solutions producing the latter com¬ 
pound, such as a salt of copi>er and soluble 
sulphides. Uniform and pleasing effects are 
readily obtained, and may be rendered more 
permanent by subsequent lacquering. The 
metal is also deposited on a considerable scale 
in the electrotyping process, thin but rigid 
reproductions of type, engraved plates and 
blocks being made in electrodeposited copper 
and subsequently strengthened by “ backing ” 
with a lead-antimony aUo 3 % which is then 
planed down to the required thickness. 

Analytically, copper deposition is applied 
in the separation of this metal from more 
negative metals in an acid solution with a 
platinum anode. Prom a solution of brass in 
nitric acid, the copper may be most completely 
deposited without interfering with the zinc. 
The copper deposit, made on a platinum dish or 
suitable electrode, is then weighed, and the 
zinc obtained by a chemical or a further 
electrolytic method (r. Chemical Analysis). i 

On a commercial scale, the deposition of copi>er 
has been applied by Cowper-Coles to the produc¬ 
tion of parabolic mirrors for lighthouses, and 
also of copper sheet, wire and tubes. The 
manufacture of deposited tubes of large diameter 
has been successfully carried on by Elmore 
Bros., who arrange an agate burnisher to 
travel backwards and forwards along the tube 
during deposition, thereby producing a compact 
deposit of good mechanical properties. Tubes 
up to 16 ft. long by 8 ft. diameter, and weigh¬ 
ing more than 3 tons, have been produced 
by this method. More usually, however, tubes 
are of smaller dimensions, and are subsequently 
drawn down, or opened longitudinally for the 
production of sheets. A reinforced copper has 
been produced by Denny by first depositing 
copper from the alkaline solution upon a finely 
perforated steel plate which is subsequently 
thickened in the acid bath. Sheets of electro¬ 
lytic copper on both sides of the steel were 
thereby riveted together by the deposits in the 
numerous perforations, which were entirely 
filled with the deposited copper. Subsequently, 
the metal could be rolled, giving a smooth 
surface to a strong combination of the two 
metals. Copper is deposited on a most exten¬ 
sive scale in the refining process, possibly 
as much as three-quarters of the total annual 
output of the metal being refined in this 
manner, using a solution of the sulphate with 
thick anodes of the crude metal, which contains 
up to 1% of impurities. The deposited metal is 
almost entirely free from impurity. Electro¬ 
negative impurities pass into the solution, and 
are retained there by the application of the 
principle used in electrolytic analysis. Electro¬ 
positive impurities, such as silver and gold, pass 
as chloride and metal respectively into the mud at 
the bottom of the tank, from which they may be 
recovered. Tin, antimony, arsenic and bismuth 
are prevented from being deposited partly by 
precipitation as basic compounds, and also by a 
careful control of the conditions, and the sum- 
total of impurities in the refined metal is usually 
less than 0-05%. 

Copper deposition has also found an important 


application in the recovery of the metal from the 
low grade ores, particularly those of the sulphate- 
oxide type found in such enormous quantities 
at Chuquicamata in Chili. The crushed ore is 
leached with sulphuric acid, which takes out the 
oxide, while the sulphate dissolves in the water. 
Some chlorides are present, and these arc 
removed as insoluble cuprous chloride by barrel¬ 
ling with shot copper. The solution passes on 
to the electrolytic tanks, which are provided 
with insoluble anodes of a copper silicide type 
and thin sheet copper cathodes. The copper is 
deposited on the sheets until the metal content 
of the solution reaches a low limit, after which 
the solution is used cyclically in the treatment 
of further quantities of ore. In recent years 
the process has made a definite contribution 
to the world's output of copper. 

Deposition of Silver. —Silver, being an 
electropositive metal, is readily deposited from 
its solution by simple immersion. Some 
application of this principle is made in the process 
of “ whitening.” For this purpose solutions 
containing a silver compound as the chloride or 
cyanide dissolved in potassium cyanide, cream 
of tartar or similar solvent are available. 
Alternatively, mixtures of these materials in the 
form of pastes arc applied to the metallic surface 
with a soft rag or mop. The method is used in 
the silvering of clock faces and instrument dials. 

For electrodeposition, silver nitrate solution is 
not suitable except in the (^ase of coulometcr 
work in w^hich platinum electrodes and also 
containing vessels of platinum or silver can be 
used. In the case of the more negative metals 
which recpiire silver plating, a more stable 
solution of the double cyanide t^qx' is essential. 
A typical solution is as follows: 

Silver (as cyanide, AgCN) . 13*7 g. 

Potassium cyanide . . . 27 g. 

Potassium carbonate . . . 50 g. 

Water.to 1 litre. 

The apparently odd figure of 13*7 g. of silver 
per litre will be found to correspond to 2 oz. 
troy per gallon. There is again a considerable 
latitude in the content of silver and the amounts 
of other constituents, stronger solutions being 
used where heavy deposits are required in a 
short time. The solution is used cold and yields 
a dull white deposit which can be burnished or 
mopped to give it the finish so characteristic of 
the metal. 

Anodes are of fine silver prepared with 
sufficient care by mechanical and thermal treat¬ 
ment to ensure uniform corrosion and therefore 
dissolve to a minimum thickness without undue 
loss in scrap. The solution may be contained in 
glass, earthenware, enamelled iron, lead-lined 
wood or even mild-steel vessels. The rate of 
deposition is low, in many cases not exceeding 
4 amp. per sq. ft. There is, however, a 
tendency to speed up this deposition, and double 
this rate is sometimes practised and advocated. 
Many silver platers, however, prefer the slower 
rate. Quantitatively, the deposit is a little short 
of theory, and at the rate of 3 amp. per sq. ft. 
for 80 minutes a deposit of J oz. troy per sq. ft., 
corresponding to a thickness of 0*00063 in., is 
produced. 
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Certain metals require special preliminary 
treatments before passing to the silver plating 
solution. Thus iron and steel work is, after 
cleaning, put through a very weak silver plating 
solution for the production of the first adherent 
film of silver, after which a somewhat stronger 
solution may then be used before the work passes 
on to the main bath. Lead and tin and their 
alloys are passed directly from a hot caustic 
boil for the removal of grease to a weak 
silver solution containing a large proportion 
of free cyanide before passing to the main 
bath. 

Metals of the copper alloy type, including, 
therefore, brass, show some tendemy to the 
simple deposition of silver from the solution 
with the production of non-adherent deposits. 
This difficulty is obviated by imparting a film 
of mercury to the surface of the metal prior 
to plating. The process is known as “ quicking ” 
and involves passing the cleaned metal through a 
weak solution of mercuric cyanide in potassium 
or sodium cyanide containing 2 or 3 g. of the 
metal per litre. The “ quicked ” surface is less 
prone to tarnishing prior to entering the bath, 
less liable to simple immersion deposition and 
possibly has some advantage in promoting 
adhesion of the deposit by amalgamating the 
deposit with the underlying metal. 

Deposition of Gold.—Gold, like silver, is j 
very susceptible to displacement from its salts 
by other metals. But mere flashes of gold are 
produced by this method. Eor any reasonable 
thickness, clcctrodeposition is employed, the 
solution containing as its essential component 
the double cyanide of gold and potassium. A 
usual composition is : 

Gold.3-4 g. 

Total KCN.20 g. 

Water.to 1 litre. 

There are many methods of preparing the 
solution by the chemical conversion of the 
metal. It is, however, preferable to acquire the 
gold cyanide from the manufacturer and 
dissolve it, with or without added potassium 
cyanide, in water. Reliable compounds are 
procurable. 

Solutions are used warm, and no special 
electrical conditions are prescribed. Generally 
the aim is the production of a smooth deposit 
of the desired shade of colour. This is a 
very variable factor. Cold solutions with small 
currents give very pale shades, the tone being 
warmer with an elevation of temperature and 
increased rate of deposition, again, however, with 
some limits. 

The shade of the deposit is also very suscep¬ 
tible to the presence of impurities. Thus, an 
addition of copper cyanide yields a redder 
deposit—“ red or rose gold.” A small propor¬ 
tion of silver imparts a green hue to the deposit 
(“green gold”), while an addition of nickel 
cyanide appreciably lightens the colour, pro¬ 
ducing “ white gold.” 

Again the gold may be deposited on either 
smooth or matt surfaces, thereby adding to the 
decorative eflPectiveness. What is called “ carat 
plating signifies the production of gold aUoy 


deposits corresponding in colour and com¬ 
position to the jeweller’s alloys. 

The electrodeposition of gold has found appli¬ 
cations other than that of protection and decora¬ 
tion. The metal is refined by electrolysis. Gold 
leaf has been produced by the method of gold 
plating one side of a silver foil by passing it 
through the gilding bath, subsequently removing 
the silver with nitric acid. More recently, gold 
films of extraordinary thinness have been 
produced by Muller. The gold deposit is made 
between two deposits of silver. The three-ply 
metal is suitably and skilfully mounted and the 
silver dissolved away, leaving the gold deposit 
perfect and impermeable to gases and of the 
order of 4 ten-millionths of an inch in thickness. 
These films, moreover, are sufficiently transpar¬ 
ent to permit the reading of print through five 
thicknesses. 

Another example of the exceedingly thin and 
still useful deposition of gold is that on wire 
used in the production of ornamental braids. In 
this case the wire, reduced in diameter by draw¬ 
ing, is gold plated on a continuous system 
prior to the last stages of drawing. As in one 
case I oz. of metal produces 1,300 yards of wdre 
with an allowance of 2 dwd. of gold per lb. of 
wire, an oz. of gold covers 120 miles of wire 
with a deposit of the order of 1^ millionths of 
an inch in thickness. 

Deposition of Nickel.—In recent years the 
deposition of nickel has undergone considerable 
transformation as the result of specialised 
research into the conditions which control the 
properties of the deposit, having in mind its 
extended application both for building up 
worn and undersize ma(*hine parts and also 
as the most satisfactory undercoat for 
chromium. 

In the early days of the industry the following 
solution was almost universally used : 

Nickel ammonium sulphate . 75 g. 

Water.to 1 litre. 

The solution was weak in nickel and poor in 
conductance, but it yielded deposits of sufficient 
hardness and brightness to meet the existing 
needs. Poor conductance was remedied by the 
addition of common salt or ammonium chloride, 
these substances also improving the low rate of 
anode solution. The rate of deposition was slow, 
not exceeding 4 amp. per sq. ft. ,necessitating 
lengthy deposition for appreciable thickness. 
WTth available anodes, which dissolved some¬ 
what slowly, the electrolyte usually became 
acid, and this was corrected after not much 
more than a litmus paper test, by the addition of 
ammonia. This solution and these conditions 
find little application to-day. Langl>ein was the 
first to show the advantage of much more 
concentrated solutions, recommending up to 
300 g. of nickel sulphate per litre. 

With the advent of chromium deposition it 
was soon found that only a few metals were 
suitable as an undercoat for this new deposit, 
which is usually in a highly stressed form with 
the tendency to separate, and take with it the 
lower deposit, from the basis metal. Single 
sulphate solutions thus largely replaced the 
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double sulphate solution, of which the two 
following may be regarded as typical: 

(1) Light solution (for general work): 

Nickel sulphate . . . 150 g. 

Boric acid.10 g. 

Sodium chloride . . . 6 g. 

Water.to 1 litre. 

(2) Heavy solution (for rapid deposition) : 

Nickel sulphate . . . 300 g. 

Nickel chloride . . . . 20 g. 

Boric acid.12 g. 

Water.to 1 litre. 

Chlorides are present to accelerate anode 
corrosion and thus prevent the increase in the 
acid present, while boric acid provides a suitable 
buffering agent for the neutralisation of alkali 
produced at the cathode surface by any deficiency 
from 100% in the cathode efficiency. 

The light solution may be and usually is worked 
cold, while the heavy solution is invariably 
worked at a temperature of about 40°C. With 
the light solution a current density of 6-8 
amp. per sq. ft. is common, while with the 
heavy solution the rate of deposition can, with 
agitation, be speeded up to 60-80 amp. per 
sq. ft. with a corresponding reduction in the 
time for the production of a reasonably thick 
deposit. 

Recent experience has determined that the pn 
value for the solution should range between 6*2 
and 6*8 with some variations, dependent upon 
the class of work in hand, and simple types of 
comparator are of frequent use to control this 
factor. 

There is, moreover, a marked tendency to the 
use of purer materials than formerly, and both 
anodes and salts are the subject of British 
Standards, Nos. 668 and 664 respectively. 

Special problems arise with the handling of 
the different classes of metals requiring nickel 
plating. There is sufficient stress in the deposited 
metal to distort even the plated article if the 
deposit is thick. Another phenomenon due 
to this same cause is that of stripping, that 
is, the separation of the deposit from the 
basis metal. Experience has determined that 
this is best overcome by a preliminary slight 
etching. For copper and its alloys Hothersall 
(J. Electrodep. Tech. Soc. 1932, 7, 116) recom¬ 
mends treating the metal anodically in a solution 
of ammonium citrate containing free citric acid, 
while for ferrous metals an anodic etch in 
60-70% sulphuric acid is most commonly 
adopted. 

Difficulties in nickel deposition have been 
carefully investigated, notably by Macnaughtan 
and his co-workers at the Research Department, 
Royal Arsenal, who have studied the eUmination 
of porosity and the effect of depositing con¬ 
ditions on hardness. Common practice now 
includes the continuous filtration of the solution 
to prevent the settling on the cathode of 
light floating particles upon which hydrogen— 
always deposited in small quantity with nickel— 
is to collect and thus originate pores. 

The large vogue of die-castings, especially 
those with a zinc base, has called for a special 
solution for plating, lliis is sometimes effected 


by preliminary coppering in the alkaline bath, 
after which the nickel plating process follows the 
usual lines, but to save an operation, direct 
nickelling is more frequently employed. This 
involves a special solution of the following 


type: 

Nickel sulphate . . . 60 g. 

Ammonium chloride . 10 g. 

Boric acid.12 g. 

Sodium sulphate . . . 200 g. 

Water.to 1 litre. 


Zinc as a typical electronegative metal 
displaces nickel from solutions with high nickel 
ion concentration, which in this type of solution 
is reduced to a minimum by the presence of the 
large proportion of the sodium salt with a 
common ion. Even then the nickel deposition 
is started rapidly by “ striking ” with a high 
current density to cover as quickly as possible 
the active metal, the deposition then continuing 
at more normal rates. 

Bright Nickel Plating .—Subsequent to nickel 
plating a large amount of work passes forward 
for chromium plating, prior to which it must be 
rinsed, dried, disconnected from suspending 
wires or other apparatus, undergo two or more 
polishing operations in which at least 20% of 
the deposit is removed, be re-wired and degreased 
before immersion in the chromium solution. 
A bright deposit, long sought after, stands to 
effect considerable saving in time, labour and 
nickel. An added advantage might be that of 
more rapid deposition of a bright coating, and 
this would apply equally when the nickel-plated 
work is not subsequently “ chromed.” 

A solution which meets all these requirements 
is the subject of a British patent (Hinrichsen, 
No. 461126) of which the following is the 


composition: 

Nickel sulphate . . . 240 g. 

Cobalt sulphate. . . . 15 g. 

Nickel chloride . . . . 46 g. 

Sodium formate ... 40 g. 

Boric acid.30 g. 

Water.to 1 litre. 


The solution is worked warm at a tempera¬ 
ture of about 40°C. with a pn of 4-4-5, while 
current densities of up to 60 amp. per sq. ft, 
are possible. The deposit is an alloy containing 
approximately 16% of cobalt, and it is known 
that alloy deposition conduces to the fine crystal¬ 
line structure necessary for bright deposits. 
Nickel anodes are used, additions of cobalt 
sulphate being made periodically according to 
the known composition of the deposit and the 
ampere-hours passed through the solution, while 
the anticipated accumulation of nickel is more 
or less counterbalanced by the unavoidable 
drag-out losses. 

Deposition of Cobalt. —Of several cobalt 
solutions the following yield the best results: 
(1) crystallised cobalt ammonium sulphate 
200 g. per litre of water ; (2) cobalt sulphate 
312 g., sodium chloride 19*6 g., boric acid 
nearly to saturation, water 1,000 c.c. From 
these solutions, cobalt plates on brass, iron, steel, 
copper, tin, nickel-silver, lead and Britannia 
me^l, the coating being firm, adherent, hard 
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and uniform. When polished, the surface, 
although brilliantly white, has a slight bluish 
tint. Compared with nickel-plating, the plating 
with solution (1) is four times, and with solution 
(2) fifteen times, more rapid, but the voltage 
required is greater than that used for most 
nickel-plating baths. Since cobalt is harder than 
nickel, a much thinner coating of cobalt will 
offer the same protective coating as a greater 
weight of nickel deposit ; thick deposits of 
cobalt are superior in appearance and character 
to those of nickel (Kalmus, Harper and Saveli, 
Ind. Eng. Chem. 1915, 7, 379). 

Deposition of Iron. —This metal was 
originally used as a protective coating (steel¬ 
facing) for copper printing plates which were 
attacked and corroded by printing inks. The 
plating bath in common use was : 

Ferrous ammonium sulphate 100 g. 

Water.to 1 litre. 

The solution was kept i)ractical]y neutral by the 
addition of freshly precipitated ferrous carbonate 
and worked under conditions similar to those for 
Tuckel plating from the original double sulphate 
bath. 

More recent requirements, however, called for 
thicker deposits involving stronger solutions and 
higher rates of deposition, for which purpose 
ferrous chloride was found to be serviceable 
(Johnson, J. Electrodep. Tech. 8oc. 1937, 12). 
The solution : 

Ferrous chloride . . . 450 g. 

Calcium chloride . . . 500 g. 

Water. 750 cc. 

is applicable for thick deposits when worked 
at 60-70°C. and current densities up to 
120 amp. per sq. ft. Solutions containing both 
the chloride and sulphate are also suitable. 

More recently the use of thick deposits of iron 
for the production of plates for printing currency 
notes has necessitated further research into the 
matter, and Kasper (Research Paper 991 of the 
U.S. Bureau of Standards) has shown that 
relatively soft, ductile iron can be deposited 
from a bath containing 5 W- FeC I j and 0* 1W- H CI 
at a temperature of 106°C. and current density 
of 20 amp. per sq. dm. (186 amp. per sq. ft.). 
The production of these ductile iron deposits, 
free from roughness or pits, requires careful 
control of a number of factors, especially those of 
temperature and acidity, and the use of effective 
diaphragms, preferably those of blue asbestos 
cloth round the anodes, which were of Armco 
iron, to prevent particles from passing from the 
anodes and becoming precipitated on the 
cathode with the production of rough deposits. 

Deposition of Chromium. —This is a rela¬ 
tively recent advance, and owing to the hardness 
and non-corrodibility of the metal chromium 
has been widely adopted. The knowledge of 
the scientific basis underlying their origin has 
led to many of the initial difficulties being over¬ 
come. The following solution proposed by 
Sargent (Trans. Electrochem. Soc. 1920, 37, 479) 


has been widely adopted : 

Chromic acid (CrOs) . . 250 g. 

Sulphuric acid ... 2-5 g. 

Water.to 1 litre. 


In some cases stronger solutions are used, 
but between the two acids there is the definitely 
maintained ratio of approximately 100 : 1, this 
being a matter of importance in the successful 
working of the solution. 

The solution is apparently of simple com¬ 
position, but acquires considerable complexity 
with use. Chromic acid is reduced to trivalent 
chromium in the form of chromium dichromate, 
Cr2(Cr«0 7)3, while from the iron tanks in 
which the solution is frequently contained some 
iron passes into solution as ferric dichromate, 
Fe,(Cr,0,),. These formulae indicate that 
quite a large proportion of chromic acid may be 
combined with relatively small quantities of 
trivalent chromium and iron, thus considerably 
reducing the free chromic acid upon which the 
solution depends for its conductance. Iron is not 
easily removable from the solution. In fact, 
small amounts are regarded as advantageous, 
but excess can only be prevented by limiting the 
surface of iron exposed to the solution. Tanks 
are therefore frequently lined with glass plates or 
with lead. Apart from this precaution, the only 
loss of iron can come through the solution—known 
as “ drag-out ”—drawn out on the plated work. 

The trivalent chromium content, however, 
may be reduced by adding to the cathode bar 
an electrode surrounded by a suitable porous 
cell so that a proportion of the current passes 
through the solution oxidising trivalent to hexa- 
valent chromium at the anode without equi¬ 
valent reduction at the cathode. 

Originally the solution was used at room 
temperature. The deposits were then dull and 
harci and the process of polishing to a lustrous 
finish was both laborious and costly. With an 
elevation of temperature to approximately 
104'^F. lustrous deposits on bright work were at 
once obtained, so that in some cases little or 
even no finishing is required. Deposits are 
preferably made on an undercoating of relatively 
soft nickel, this being obtained by deposition 
from a strong solution of nickel sulphate used 
warm. The ductility of this deposit withstands 
the stresses imposed by the subsequently 
deposited chromium and thus avoids peeling. 
In addition, nickel makes the best resistant 
undercoat to withstand corrosion conditioned 
by the necessarily porous chromium deposit. 
The nickel undercoat is finished with a soft mop 
and the metal at once transferred to the 
chromium bath and coated at a current density 
of from 100 to 160 amp. per sq. ft. for from 6 to 
20 minutes. Various metals are used as anodes. 
Lead and antimonial lead have been successfully 
used, while in some cases iron is—inadvisedly—- 
employed. The cathode current efficiency is 
low, of the order of only 12-6%. Large volumes 
of gases are thus evolved at both electrodes, 
causing a fine spray of chromic acid which is 
detrimental to the health of the operator, and 
stringent measures for effective withdrawal of 
these fumes are therefore imposed by the Home 
Office. Subsequent finishing of the chromium 
deposit is of the simplest character, requiring 
nothing more than a light mopping with a 
chromium oxide composition. 

Deposition of Zinc. —^The extensive applica¬ 
tion of zinc as an anodic protective coating for 
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iron and steel naturally led to the use of the 
metal in the deposited form for the same pur¬ 
pose, the process being first known as “ electro- 
galvanising.” Such a deposit would have the 
advantage that, if made from reasonably pure 
solutions, it would have greater resistance to 
corrosion than that of the usual galvanised 
coatings made from an impure spelter. 

For the deposition of the metal two solutions, 
each with its slight variations, have been used : 

(1) The ” acid ” solution ; 


Zinc sulphate 

. 300 g. 

Sodium chloride 

. 15 g. 

Boric acid .... 

. 20 g. 

Aluminium sulphate 

• 30 g. 

Dextrin. 

. 15 g. 

Water. 

. to 1 iitr 


A small amount of free sulphuric a(!id not 
exceeding 3 g. per litre is permissible in the 
solution, which yields excellent deposits with 
current densities up to 20 amp. per sq. ft. 
This solution is used chiefly for flat work on 
account of its poor throwing power. The 
usual coatings are of the order of 0-3- 
0-5 oz. per sq. ft. and a current of 10 amp.-hours 
per sq. ft. corresponds to about 0-4 oz. per h(]. ft. 

(2) The alkaline solution ; 


Zinc oxide . 
Sodium cyanide 
Sodium carbonate . 
Potash alum 
Water . . . . 


40 g. 

100 g. 

JOg. 


• 10 g- 

. to 1 litre. 


This solution may be also prepared by dissolving 
zinc cyanide in a smaller amount of sodium 
cyanide and making a corresponding addition of 
caustic soda. 

The solution may be used cold, but preferably 
warm, at a temperature of 30-40°C. and with a 
current density ex (seeding that for the acid solu¬ 
tion. Its throwing power far exceeds that of 
the sulphate solution, hence its extended use for 
irregularly shaped work in the recesses of which 
corrosive liquids, such as rain water, are liable 
to collect, concentrate and effect corrosion and 
rusting in the absence of a satisfactory coating of 
protective metal. 

On a considerably larger scale, the deposition 
of zinc is applied to the electrolytic extraction 
of the metal, usually from low grade and complex 
ores. These, usually of the sulphide type, are 
roasted for the formation of oxide and sulphate. 
Leaching with warm sulphuric acid yields an 
impure solution of zinc sulphate with numerous 
impurities such as copper, cadmium, nickel, iron 
and cobalt, which seriously interfere with the sub¬ 
sequent process of electrolysis. These impurities 
are eliminated by slightly acidifying with sul¬ 
phuric acid and stirring with zinc powder, 
considerable quantities of cadmium being 
obtained from the metallic slimes thus pro¬ 
duced. After separation of these slimes the 
solution is appreciably acidified with sulphuric 
acid or the acid liquors from the electrolytic 
cells, and subsequently electrolysed with lead 
anodes and aluminium cathodes from which the 
deposits are readily stripped. This process, with 
various modifications, is responsible for the 


production of approximately one-quarter of the 
world’s output of zinc. Electrolytic zinc is of a 
high order of purity, containing not more than 
0-05% of impurity. 

Deposition of Cadmium. —This process 
naturally followed that of electrogalvanising. 
The relative efficiencies of zinc and cadmium as 
protective coatings for iron and steel have been 
actively debated by many workers whose 
results, and therefore conclusions, have not been 
altogether comparable on account of differing 
conditions of investigation. While cadmium 
offered advantage under indoor conditions, it 
was definitely shown by Patterson (J. Eloctro- 
dep. Tech. Soc. 1929-30, 5, 91) that under 
outdoor exposure cadmium was inferior to zinc 
owing to the formation of relatively insoluble 
and adherent basic compounds of zinc which 
offer protective properties, these not having 
cadmium analogues. For indoor work, however, 
cadmium has been largely applied. 

A usual solution is : 

(Cadmium oxide. . , . 33 g. 

Sodium cyanide . .75 g. 

Water.to I litre. 

The solution as thus prepared contains notabh* 
quantities of caustic soda and may, tluTefore, 
alternatively be prepared as follows : 

Cadmium cyanide (Cd (CN) 2 ] . 42 g. 

Sodium cyanide.50 g. 

Sodium hydroxide . . . . 25 g. 

Water.to 1 litre. 

To this solution dextrin, to the extent of a 
few grams per litre, may with advantage be 
added, this, as an addition agent, inducing more 
even deposition. 

The solution is workable either cold or warm 
with a current density of 10-15 amp. per sq. 
ft., and an hour’s deposit with 10 amp. per sq. ft. 
corresponds to a thickness of one-thousandth of 
an inch. Cadmium deposits suffer the slight 
disadvantage of staining on handling, which 
may to some extent be counteracted by passing 
the deposited metal through a rinse of weak acid, 
either sulphuric or acetic. In contact with 
ordinary insulating materials it acquires a 
yellow stain. 

Deposition of Lead. —This process finds 
considerable application for the purposes of 
refining and also as a protective coating for iron 
and steel. For many years lead refining has 
been practised since the introduction by Betts of 
the fluosilicate solution, which is prepared 
by dissolving lead oxide in hydrofluosilicic acid. 
The composition is as follows : 


Lead (as fluosilicate) . . 60 g. 

Hydrofluosilicic acid . . 100 g. 

Water.to 1 litre. 


As an addition agent, glue is used to the extent 
of 0-5 g. per litre. Compact deposits are 
produced with current densities of 10-20 
amp. per sq. ft., silver as the most important 
impurity remaining in the slimes from the anode. 

For the more usual purposes of lead plating 
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Mathers (Trans. Electrochem. Soc. 1910, 17, 
261) introduced the following perchlorate bath: 


Lead (as perchlorate) . 50 g. 
Perchloric acid (free) . . 50 g. 

Peptone.9‘h g. 

Water.to 1 litre. 


In the absence of the peptone, the lead deposit 
is unsatisfactory, yielding long threads of loose 
crystals. Peptone induces a fine granular and 
cf)mpact deposit which can be made at the rate 
of 20 amp. per sq. ft. 

Another solution is of the fluorborate type : 


Basic lead carbonate . . 100 g. 

Hydrofluoric acid (50%) . 225 g. 

Boric acid.100 g. 

Glue .0-2 g. 

Water.to 1 litre. 


The hydrofluoric acid is suitably diluted in a 
lead lined tank and the l)ori(‘ a-eid added, which 
evolves considerable heat. The lead carbonate 
is stirred in slowly, avoiding too rapid effervn^s- 
cence, and a slight residue of lead sulphate 
from the sulphuric acid contained in the HF 
can be neglected. Glue dissolved in water is 
added, after which the solution is worked with a 
current density up to 20 amp. per s(|. ft. 

Deposition of Tin. —This metal, excellent 
as a protective coating for iron and steel, at first 
presented difficulty in the production of 
sufficiently smooth deposits by electrodeposition. 
Its range of application is now extending. For 
general purposes a solution of the following 
composition is used: 

Stannous chloride . . • 12 g. 

Sodium hydroxide . . . 50 g. 

Water.to 1 litre. 

The solution requires the addition of small 
amounts of dextrin, glue or similar substance to 
ensure smooth deposits. The solution could, 
however, only be used with a relatively low rate 
of deposition not exceeding about 5 amp. per 
sq. ft. The alkaline stannate bath containing 


Tin (as sodium stannate) . 85 g. 
Sodium hydroxide . . .20 g. 

Water.to 1 litre 


has been found to be more effective in the 
production of thick and quicker deposits. The 
stannate form of the tin was maintained by 
Opiinger (Metal Ind. N.Y. 1931, 29, 529) by 
the addition of sodium perborate. More 
recently Hothersall, Clarke and Macnaughtan 
(J. Electrodep. Tech. Soc. 1933-4, 9, 101) have 
shown that spongy deposits are due to the 
presence of tin in the stannous form caused 
by the solution of the anode. They therefore 
recommended the substitution of an insoluble 
anode in the form of nickel sheet with periodical 
additions of sodium stannate, which should be 
free from chlorides. More recently, the con¬ 
tinuous electro-tinning of steel strip has been 
successfully accomplished by Macnaughtan, 
Tait and Baier {ibid, 1936-7, 12, 45). 

Deposition of Rhodium. —This constitutes 
a recent advance in electrodeposition. As one 
of the platinum group of metals rhodium is 
characterised by non-corrodibility. It has added 


advantages in great reflectivity anrl a good degree 
of hardness. The metal, in the form of an 
electrodeposit, possibly only of the order of one 
ten-thousandth of an inch in thickness, will with¬ 
stand boiling aqua regia for 30 minutes without 
any sign of attack or even stain. In hardness it 
even exceeds that of nickel, and in colour 
the deposited metal approximates to silver. 
As a non-tarnishing finish to silver-plated 
ware, it offers considerable promise, and the 
disadvantage of high cost is off-set by the 
extreme thiuness of the film needeti to give 
adecpiate protection. 

The deposition of the metal has been studied 
for a long time, but only within the last few 
years has the process attained any degree of 
commercial succjcss. Numerous solutions have 
been proposed, of which the following gives 
very satisfactory results. Ammonium rhodi- 
nitrite 8*52 g. (containing 2 g. of rhodium) 
is fumed down with 33 c.o of (;onc. Hulphuri(^ 
a(;id, the residue, after cooling, being diluted and 
made up to 1 litre (Atkinson and Raper, 
J. Electrodep. Tech. Soc. 1933-4, 9, 77). At 
a temperature of 40”G. and a current density of 
5 amp. per sq. ft., deposition for 15 minutes 
gives a def)Osit of 4-5 mg. per sq. in. with a 
cathode efficiency of 45%. 

The high cost of the metal will, at any rate 
for the present, preclude its use for purposes 
other than as a finish in certain sections of 
the jewellery trader, but it may be suggested 
that its application to the prongs of forks and 
bowls of spoons which usually acquire the 
maximum of discoloration and receive the 
greatest wear will be a possible development. 

Deposition of Tellurium. —This deposit is 
another example of recent achievement, and 
on account of its freedom from tarnish may 
offer some possibilities of application. The 
deposited “ metal ” is obtainable in a compact 
crystalline and very pure form by the electrolysis 
of a solution of the following composition : 

Tellurium dioxide . . . 250 g. 

Hydrofluoric acid (48%) . 500 g. 

vSulphuric acid (96%) . . 200 g. 

Water.to 1 litre. 

The equivalent amount of tellurium may be 
converted into the dioxide by treatment with a 
mixture of strong sulphuric and nitric acids, 
exces.s of the acids being evaporated off and the 
oxide then being dissolved in the mixture of 
hydrofluoric and sulphuric acids. 

The solution has obviously to be contained in a 
vessel which is either wax-lined or shaped in 
wax, the latter being easily accomplished by 
suspending a glass cell in a wood box and 
filling in the intervening space with melted wax. 
When this is set the glass cell can be removed 
by adding warm water to soften the wax and 
permit of the withdrawal of the cell. 

Commercial tellurium is cast into convenient 
form as an anode material, and this is con¬ 
veniently suspended by platinum wire inserted 
into the anode as it cools. The solution works 
well at ordinary temperature with a current 
density of 10-15 amp. per sq. ft. Higher rates 
of deposition are possible, but there is the 
possibility of local heating with the melting of 
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the wax. Both anode and cathode efficiencies 
approach 100% and the process separates any 
selenium impurity as an insoluble black powder. 
(Matthers and Turner, Trans. Electrochem. 
Soc. 1928, 54, 293). 

Deposition of Aluminium. —In spite of the 
extreme electronegative character of this metal 
and the consequent improbability of its deposi¬ 
tion from aqueous solution, there have been 
many unsut^cessful attempts to surmount the 
difficulties. Much more success, however, has 
attended the exploration of non-aqueous solu¬ 
tions, and Blue and Mathers (Trans. Electro- 
ehem. Soc. 1934, 66, 339) have shown that the 
metal can be deposited from solutions of 
aluminium bromide in a mixture of ethyl brom¬ 
ide and benzene. The metal was obtained in a 
bright and crystalline form with a current 
density of 8 amp. per sq. ft. with a cathode 
efficiency of 60-70%. The deposition of alloys 
of copper and aluminium also showed signs of 
commercial promise. 

Deposition of Platinum is carried out from 
a solution of the chloride in sodium phosphate. 
A platinum anode is insoluble and the solution 
needs the addition of the platinum compound. 
A brown colour sometimes occurs owing to some 
of the metal passing into the colloidal form. 

Deposition of Palladium may bo success¬ 
fully achieved from a solution of a double 
chloride of the metal, and the process has been 
applied by Cowper-Coles for producing a non- 
corrodible covering for electrolyticaUy deposited 
parabolic mirrors of copper. 

Deposition of Mercury, which is possible 
from the nitrate solution, has been applied 
to the construction of electrolytic meters, in 
which a small and definite fraction of the total 
current is shunted through a cell in which 
mercury is deposited, the weight of the mercury 
deposit automatically recording the current 
passing through the meter, and at constant 
potential difference the energy absorbed in the 
circuit. 

Deposition of Alloys. (1) Brass. —From 
mixed solutions of zinc and copper sulphates 
with the addition of acid, copper can be com¬ 
pletely separated from zinc, this principle being 
applied in electrolytic analysis and also in 
refining. With salts more alike in stability, this 
condition being attained in the double cyanide 
solutions, the two metals are deposited simul¬ 
taneously in proportions varying with conditions. 
The cyanides are invariably used for this pur¬ 
pose, "the zinc and copper compounds each 
containing about the same quantity of metal. 

A satisfactory solution has the following com¬ 
position : 

Copper cyanide . . . . 26 g. 

Zinc cyanide . . . . 60 g. 

Sodium cyanide . . . 60 g. 

Sodium carbonate . , . 10 g. 

Water.to 1 litre. 

From this solution, preferably at a temperature 
of 40~60°C., alloy deposits are readily obtained, 
the composition, and therefore colour, being 
influenced by a number of factors. Roughly, a | 
yellow deposit approximately 2Cu : Zn results | 
from the fact that the chemical equivalent of i 


copper (cuprous) in the compound is practically 
twice that of zinc. Of the two metals copper is 
slightly the more positive and therefore more 
readily deposited. Slow deposition, therefore, 
conduces to redder, and more rapid deposition to 
whiter, deposits. Excess of free cyanide and 
higher temperatures also favour the deposition 
of excess of copper. It may, however, be added 
that the deposited zinc has a greater whitening 
power than in the cast metal. After some work¬ 
ing the solution becomes complex in composition 
and the zinc compounds become more insoluble, 
favouring, therefore, redder deposits. This may 
be corrected by the addition of ammonium 
compounds, especially the carbonate, which 
takes up any precipitated zinc compound. 
With these variations the deposition of the alloy 
follows on lines similar to those of the individual 
metals from their cyanide solutions. 

(2) Lead-Tin Allops .—The deposition of these 
alloys has attained some vogue in recent years 
after the preparation of a suitable mixed 
solution of the respective salts had been success¬ 
ful. The problem was finally solved by Blum 
and Haring (Trans. Electrochem. Soc. 1921, 40, 
287) by starting with a solution of lead fluo- 
borate {see Deposition of Lead. p. 268) and 
working it with a tin anode until the required 
alloy deposit was obtained, after which an alloy 
anode of suitable composition was substituted. 
Satisfactory deposits of close-grained structure 
are produced with a current density of 7 amp. 
per sq. ft., and the process has become one of 
practical importance. 

(3) Zinc-Cadmium Alloys .—These have been 
successfully deposited by Wright and Riley 
(J. Electrodep. Tech. Soc. 1934-5, 10, 1) from 
solutions of the mixed cyanides with excess of 
potassium cyanide, potassium hydroxide and an 
addition agent. 

(4) Copper-Tin Alloys .—These metals are 
amenable to co-deposition as alloys. Mixtures of 
the oxalates with additions of oxalic acid and 
ammonium oxalate were originally investigated 
with a measure of success (Curry, J. Physical 
Chem. 1906, 10, 616 ; Treadwell and Beckh, 
Z. Elektrochem. 1916, 21, 374 ; and Mathers 
and Sowder, Trans. Electrochem. Soc. 1920, 37 
526). More recently, Baier and Macnaughtan 
(J. Electrodep. Tech. Soc. 1935-6, 11, 1) have 
produced deposits up to ^ in. in thickness from 
alkaline solutions of sodium cuprocyanide and 
sodium stannate, containing 3*6 times as much 
Sn : Cu in the solution as in the deposit. 
Bronze alloy anodes were used and deposits 
produced at a current density as high as 60 amp. 
per sq. ft. Control of the metal composition of 
the solution was maintained by the use of anodes 
of the same composition as that desired in the 
deposit. 

Testing of Electrodeposits. —The exten¬ 
sive application of electrodeposition for 
industrial purposes has more recently necessi¬ 
tated some specifications for many types of 
deposits. Specifications in turn call for 
standardised methods of testing, and many 
tests have been devised and put into operation 
to secure reasonable control over the deposits, 
which are required to withstand the stresses, 
both physical and chemical, of modem industiy. 
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Among those tests are those to guarantee (1) 
adhesion, (2) thickness and (3) freedom from 
porosity. These requirements assume different 
proportions under varying circumstances of use. 

(1) Adhesion is of obvious importance, and 
any tests, in common with tests for other 
properties of deposits, are more reliable with 
relatively thick deposits to withstand wear and 
tear than with the much thinner deposits used 
(ihiefly for detjorative purposes. Qualitatively a 
test may be made by sawing off the edge of the 
deposit, thus exposing the deposit and basis 
metal in section, detaching the deposit at the 
edge with a sharj) chisel and then tearing 
away the deposit by means of pliers or similar 
tool. A quantitative method is obviously more 
desirable, especially when an investigation is in 
progress. A useful one has been formulated by 
OUard (Trans. Faraday Soc. 1926, 21, 81) and 
has revealed degrees of adhesion in some 
cases exceeding the strength of the basis metal, 
which has been tom away rather than allow 
the deposit to be separated. 

(2) Thickness determinations become necessary 
as it is generally recognised that porosity 
disappears with increasing thickness. There is 
need, too, to guarantee sufficient thickness to 
withstand wear, and, in addition, many deposit¬ 
ing solutions through lack of “ throwing power ” 
produce uneven deposits on irregular surfaces. 
Some idea of thickness is desirable also in the 
deposition of the precious metals. Any test for 
this purpose should preferably not damage the 
specimen being tested. In some cases thickness 
tests can be made directly by mounting the 
specimen in Wood’s metal, cutting a section 
and measuring the thickness under a micro¬ 
scope. Chemical methods involve dissolving 
away the deposit from a measured surface with 
some reagent which will not affect the basis 
metal, and from the loss in weight and the 
density of the metal calculating the thickness. 
Alternatively the weight of the metal can be 
chemically determined from the 8tripj)ing 
solution. As an example, 0-0001 in. of zinc 
represents 0-0113 g. per sq. in. Special varia¬ 
tions of this principle have been used for 
different metal deposits. 

Several types of “ jet ” tests are in use, notably 
that of S. G. Clarke (J. Electrodep. Tech. 
Soc. 1936-7, 12, 1, 167) in which a stream of 
liquid reagent is allowed to impinge upon the 
surface of the deposit and the time noted to 
effect perforation. The test requires standardisa¬ 
tion by the preparation of curves relating times 
and thicknesses with the several reagents at 
definite temperatures. 

Another more or less direct method of measur¬ 
ing thickness is that of Mesle (** Metal Industry, ” 
New York, August, 1936) which consists in grind¬ 
ing through a flat deposit with a curved wheel of 
known diameter or cutting through a coating on 
a curved surface by means of a flat file. In 
either case the thickness of the deposit is 
calculated from the width of the chord and the 
diameter of the curved surface. 

(3) Porosity is all-important with a view to the 
prevention of the ingress of corrosive media. All 
thin deposits are porous and porosity disappears 
with increasing thickness, but tests naturally 


differ with the different basis metals. In the 
ease of a ferrous base, tests may be carried out by 
(a) ordinary exposure to air, (6) boiling in water 
and (c) one or other of the several forms of 
ferroxyl tests in which filter paper soaked with a 
solution of potassium ferricyanide and sodium 
chloride is placed in contact with the deposit, 
when exposed ferrous spots are revealed by blue 
stains on the paper, it being then possible to 
estimate the number of these per unit area anil 
so giving some measure of quantitative inter¬ 
pretation to the test. 

Having regard to the enormous quantity of 
iron and steel work upon which electrodeposits 
are placed with a view to protection from 
rusting, these tests have been brought to some 
degree of precision which ensures reliable data 
and comparable results. 

The “ 8alt-spray ” test is another common 
method of determining porosity by exposure of 
the plated article to an atmosphere kept moist 
with a salt solution and so simulating marine 
conditions, tins providing an accelerated test 
not, however, strictly amenable to quantitative 
comparisons. 

In the case of deposits upon a copper or brass 
base, a similar test, using potassium ferro- 
cyanide in place of ferricyanide, reveals the 
presence of copper by the formation of brown 
spots. 

In the case of chromium deposition, which is 
usually only very thin, porosity is mainly 
shown in the form of very fine cracks in the 
deposit. By reason of its very thin film of oxide, 
the chromium deposit is not readily susceptible 
to copper plating, but a deposit of copper is 
readily formed on the exposed basis metal, 
thus revealing the discontinuities in the deposit. 
Under standard conditions of copper deposition, 
the current passing is some measure of the 
exposed basis metal. Again, where the deposit 
of chromium is—as it usually is—made upon a 
deposit of nickel, immersion in a dilute solution 
of nitric acid followed by application of a test 
paper containing sodium chloride and dimethyl- 
glyoxime will show up the cracks and other 
defects as pink markings. 

Anodic Oxidation (Anodising).—This process, 
somewhat aUied to the processes of electro¬ 
deposition, was introduced by Bengough and 
Stuart about 20 years ago and consists in the 
development of an appreciable and adherent 
coating of oxide on the surface of aluminium and 
some of its alloys by making the metal the anode 
in a 3% solution of chromic acid. A definite 
order of procedure was worked out by these 
investigators and is followed by the Air Ministry 
Specification for this operation. 

The solution contained in an iron tank is kept 
at 40°C., stainless steel sheets supplying the 
cathode material. The process is applicable to 
aluminium and a number of its alloys with the 
limitation that these must not contain less than 
94% of aluminium and not more than 6% of 
copper. Outside these limits the alloying metals 
are liable to be dissolved out anodicaUy, leading 
to pitting and the prevention of the formation 
of a continuous protective film; an additional 
disadvantage is that the oxide film assumes a 
dark colour. 
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The work, which must be suspended in the 
solution by adequate aluminium wires or clips, 
is made the anode in the solution and a current 
from a special generator (either motor generator 
or metal rectifier) put on. With the clean metal 
the current flows freely at low voltage, but with 
the development of the electrically, as well as 
chemically, resistant film the voltage is gradually 
raised from a few volts to about 40 volts during 
the first 15 minutes of the operation, at whi(;h 
figure it is kept for 35 minutes for the main 
formation of oxide. This gives a current density 
of about 3*6 amp. per sq. ft. The resistance of 
the film produced diverts the current to the 
untreated portions, whi(4i will be the deeper 
recesses, and thus makes for considerable 
uniformity of the deposit on even very irregular 
surfaces, film formation penetrating into even 
deep and fine holes. In other words, the 
solution is a good “ thrower.” The voltage is 
then raised to 60 during the next 5 minutes 
and maintained thereat for a further 6 
minutes, thus completing an operation of an 
hour’s duration. Ample rinsing is required to 
preclude the possibility of staining by any 
chromic acid solution retained in the crevices of 
the work through faulty rinsing. The process 
has a very extensive application and the oxide 
film, preferably immediately after formation, is 
amenable to dyeing in a wide range of colours 
by immersion in water-soluble dyes, thus 
affording an extended range of decorative 
finishes. 

A more recent and alternative process makes 
use of an electrolyte of sulphuric acid under 
conditions more nearly approaching those of 
electroplating in that the process is carried out, 
not in batches with wide variations of voltage, 
but under much more constant electrical 
conditions and for varying periods, work being 
added to and withdrawn from the bath as may 
be required. 

Anodised work shows a high resistance under 
the usual corrosion tests. The oxide deposits are 
hard and capable of withstanding considerable 
wear and also elevation of temperature. They 
are ductile and withstand distortion in the 
subsequent working up of the anodised metal. 
These exceptional properties are associated with 
the conversion of the surface film of the metal 
into oxide rather than the deposition of a film of 
oxide on to the surface of the metal. 

Similar processes, both chemical and electro¬ 
chemical, are now being investigated for applica¬ 
tion to magnesium and its alloys with their 
increasing use in industry. 

S F 

ELECTRODEPOSITION OF RUB¬ 
BER. Rubber articles may be manu¬ 
factured by immersing a suitably shaped zinc 
anode in latex (usually with added vulcanising 
ingredients) and passing a current of about 
I amp. per sq. dm. About 3 g. (dry weight) 
of compounded rubber is deposited per amp. per 
minute, up to a maximum thickness of about 
1 cm. The micro-porous deposit is removed, 
washed, dried and cured. Iron and steel anodes 
may be permanently covered with hard rubber. 
(For a review, see D. F. Twiss, J. Electrodep. 
Tech. Soc. 1933-4, 9, 186 ; for abstracts of 


patents, see F. Marchionna, “ Latex and Rubber 
Derivatives,” 3 vols., 1933-7, The Rubber Age, 
New York.) “ The essential work of the current 
is to impel coagulant cations, e.g. zinc ions, 
from the anode side of the growing deposit to its 
exposed surface so that the deposit continues to 
grow steadily by ionic coagulation ” (Twiss, 
l.c.). 

J. N. G. 

ELECTRONIC THEORY APPLIED 
TO INORGANIC CHEMISTRY. The 

basis and development of atomic structure of the 
elements has been outlined in an article entitled 
Atomic Stkuctube (Vol. I, p. 641), and the 
present article is intended to give a brief outline 
of the way in which the electronic theory has 
boon applied to the structure of inorganic 
compounds. 

There arc several ways in which an atom can 
distribute certain electrons among other atoms. 
It may give one or more electrons to another 
atom or receive one or more electrons from an 
atom. Finally, an atom can share electrons, 
usually in pairs, with another atom or atoms. 
It is assumed that the driving force behind 
these rearrangements of electrons is the attempt 
on the part of reactive atoms to form the stable 
electronic configurations manifested by the 
inert gases, and this view receives substantial 
confirmation from the known facts of chemistry. 

Electrovalency, — Over 20 years ago Kossel 
(Ann. Physik. 1916, 49, 229) drew attention to 
the fact that in the periodic table an inert gas is 
always followed by a strongly electropositive 
element and preceded by an electronegative 
halogen. A similar effect is perceptible in the 
elements two places removed from an inert gas, 
but in this case the elements carry two charges 
instead of one. The alkali metal elements 
each contain a single labile electron in their outer¬ 
most quantum groups, whereas the halogens are 
one electron short of the next inert gas structure. 
Accordingly, the formation of the alkali halides 
takes place through the transfer of an electron 
from an alkali metal, which thus acquires a 
positive charge, to the halogen atom, which 
becomes negative. These facts are exemplified 
in the formation of sodium chloride. The sodium 
atom (Atomic No. II) 1 gives an electron to the 

:Na:'+ -Cl: Na:]+[:CI:]“ :Ne: 

I. II. III. IV. 


chlorine atom (Atomic No. 17) II. In the 
resulting salt, III, the sodium ion has the 
electronic configuration of neon (Atomic No. 10), 
IV, while the chlorine ion possesses the elec¬ 
tronic arrangement of argon (Atomic No. 18). 
Only the outermost electronic groups are dis¬ 
played in the above diagram. Calcium chloride 
is similarly formed. Calcium (Atomic No. 20) 
acquires the argon structure by loss of two 


;Ca- + 


.Cl: 

•Cl: 


Dca:]"" D?':].; 


electrons and the two chlorine atoms also assume 
.the argon arrangement by taking up one electron 
each. Electrovalent compounds are character^ 
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ised by the formation of oppositely charged ions, 
low volatility and ionisation in solvents. This 
type of linkage is confirmed by spectroscopic 
evidence and crystal analysis. 

Covalency .—A number of compounds, the 
majority of which are organic derivatives, are 
not readily explicable in terms of electrovalency 
and to provide a clue to their chemical structure 
G. N. Lewis (J. Amer. Chem. Soc. 1916, 38, 
762) suggested that an electron could be shared 
between two atoms so that it contributes to the 
atomic structure of both atoms. Furthermore, 
each chemical link involves two electrons, one 
from each of the participating atoms. A mole¬ 
cule of hydrogen with two atoms of the element 
is held together by the sharing of one elec - 


H'+*H H:H :CI -f CI: -> :CI:CI: 

tron from each atom, the net effect being to give 
each atom the electronic structure of helium. 
Similarly with chlorine, the argon electronic 
structure is produced in each atom by sharing 
two electrons. Other examples are exemplified 
by methane and ammonia; in the former eight 
electrons are shared between four hydrogen 
atoms and one carbon atom, and the latter 
shares six electrons between three hydrogen 
atoms and one nitrogen atom. Double and 
triple bonds are equally easily demonstrated, 

H H 

.C. + 4H--> : N .-f 3H-H : N : 

H H 


as in the compounds ethylene, (arbon dioxide, 
acetylene and hydrogen cyanide. Oovalent 

6\o\6 

r: -h • ••• 


H:C 


C:H 


H:C 


N: 


compounds are normally characterised by 
greater volatility than electro valent substances 
and by the formation of non-ionic solutions. 
The tendency to acquire the stable inert gas 
arrangement of electrons is still evident in 
atoms manifesting covalency. Moreover, the 
position of atoms in space cannot be appreciably 
altered without disruption of this linkage. 
Therefore in many cases covalent compounds 
are capable of existing in geometrical isomerides. 

Co-ordination Covalency .—In his concept of the 
covalent link Lewis (Z.c.) made the further 
assumption that chemical union could also occur 
if one of two atoms contributed both the elec¬ 
trons to the chemical bond. This important 
variation has since received extensive applica¬ 
tion by Sidgwick (J.C.S. 1923, 123, 725) in the 
electronic interpretation of co-ordination. In 
this type of linking, sharing of electrons between ! 
two atoms also takes place and it may be 
assumed that there is also a tendency among 
participating atoms to acquire the inert gas 
distribution of electrons as in the cases of electro- 
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valency and covalency. By way of example 
the two common inorganic reagents ammonium 
chloride and sulphiiri(^acid may be taken. 
Nitrogen (Atomic No. jjH with the electronic 
structure 2. 2. 8 acquires the noon structure 
by addition of three more electrons. It can do 


H 

H = N: + [h][:CI:] 
H 


- H 1 

H : N : H 

_ H _ 


Dci=] 


this by sharing the electrons of three hydrogen 
atoms which simultaneously acquire the helium 
structure. The product is ammonia, which still 
possesses two unshared electrons. In hydrogen 
chloride, the hydrogen atom gives its electron 
to chlorine, which completes the argon structure 
of the latter, but the hydrogen atom, now 
without an electron, can acquire a helium 
structure by sharing the remaining pair of 
electrons of the nitrogen atom in ammonia. 
The product, ammonium chloride, demonstrates 
all three types of chemical linkage, electro¬ 
valency, covalency tind co-ordination covalency. 
Sulphuric acid is also formed by a process of 
co-ordinate sharing of electrons. In sulphur 
trioxide, the sulphur atom has used up all its 
electrons in combination with three oxygen 
atoms, but it is still short of the argon octet of 
electrons. It can acquire these by accepting 
two electrons from an oxygen atom of a water 
molecule. 


:6: H 

:6:S + :6: 
: 6 : H 



Ho 


An interesting series of co-ordinated com¬ 
pounds is given by the oxy-acids of chlorine, 
in which the eight uncharged electrons of 
chlorine are successively shared by one, two, 
three and four atoms of oxygen : 


h[:CI:]“ h[0:C1:]' 


9 ]- 

H 0:CI:0 


h[0:CI:0]' 

S[o|no]' 


This electronic interpretation of co-ordination 
is also exemplified in such derivatives as the 
cobaltammines, platinammines and similar 
compounds. In hexamminocobaltic chloride, 
[CoBNHglCIs, the cobalt atom (Atomic 


H,N: Co : NH, 


CU 
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No. 27) parts with three electrons to the three 
chlorine atoms by electro valency, thus giving 
the cobalt ion an effective atomic number of 24. 
The addition of twelve electrons from the six 
ammonia molecules (two from each NH3) 
then brings up the atomic number of the ter- 
valent cobalt ion to 36, which is that of the 
kiypton atom (c, Co-ohdinatton Com¬ 
pounds). 

In the complex ethylene thiocarbamido- 
cuprous nitrate derivative the cuprous ion has 
an effective atomic number of 28, having parted 
with one electron to the nitrate ion. The 
addition of eight elcc^trons from the four organic 
groups then gives the cuprous ion an effective 
atomic number of 36, which is again that of 
krypton. 


HgC -CHa 

HN NH 


x/ 

c 

HoCNH. S NHCH. 

I >C:S:Cu:S:C< [ 
HgCNH^ S ^NHCH. 

C 

/\ 

HN NH 


NO3 


H2C-CH2 


There are a few compounds which owe their 
existence entirely to the operation of co-ordinate 
links ; an atom being the passive recipient of 
electrons. The metal carbonyls, represented by 
nickel carbonyl, are of this type ; the nickel 
£itom receives eight electrons from the four 
carbon monoxide groups, giving it an effective 
atomic number of 36. Another molecule of this 
type is osmium tetroxide, in which the osmium 
shares eight of its electrons with four oxygen 
atoms. 


O 

C -O: 

OC: Ni CO :6: Os :6: 



It should be stated, however, that the acquire¬ 
ment of an inert gas structure is not the in¬ 
variable result of co-ordination. Sometimes the 
stable configuration involves fewer electrons 
than is necessary for the maintenance of an 
inert gas arrangement, as in the chromammines, 
where the stable co-ordination number is 6, 
i.e. sharing twelve electrons, but the effective 
atomic number of the chromic ion Cr-** is 21, 
and requires fifteen electrons to bring it up to 
the next inert gas, krypton (Atomic No. 36). 
Again, the number may be too large, as in the 
stable nickel complex [NISdipyjCLBH^O 
(dipy=2:2'-dipyridyl), in which the nickel ion 
Ni'* needs ten electrons to give it the krypton 
structure (36), but actually receives twelve, four 
from each molecule of the chelate group 2:2'- 
dipyridyl. In spite of those anomalies the 
electronic theory does provide a useful working 
hypothesis for the mechanism of co-ordination. 


A more important factor than the inert gas 
structure is probably the distribution of electrons 
between the various atoms. 

liesonance and the Co-ordination of Hydrogen .— 
In order to explain the physical and chemical 
properties of many hydrogen compounds, 
such as potassium hydrogen fluoride, water, 
alcohols, etc., it has been suggested that 
hytlrogen is capable of sharing four electrons. 
This view is now regarded as untenable, and to 
replace the concept of co-ordinated hydrogen the 
atom is rcgariled as in resonance (also termed 
mesomerisrn) between two structures. In the 
ion fHFjl ' there are two structures [F-H F] 
and [F H—F], and the actual arrangement is 
supposed to be intermediate between these two 
limiting types. It is not, however, an alterna¬ 
tion between the two structures. The con¬ 
ditions necessary for resonance are that the two 
types do not differ much in energy and that the 
atoms occupy substantially the same position in 
both structures. As a consequence of this 
effect the molecule will possess the properties of 
both structures and will have a heat of forma¬ 
tion, and hence a stability, greater than those of 
either form. Moreover, the atomic distances 
will bo smaller than is the case in either of the 
two forms. There may be more than two forms 
in resonance. Nor is this effect confined to 
hydrogen compounds. The nitrate ion and 
carbon dioxide iridi(;ate the various types 
which can exist. 



o-c-o or^c->o o<-c —o 


An interesting application of the principles 
of resonance is to be found in recent ideas 
on the structure of the boron hydrides 
(hydroborons). These compounds, previously 
regarded as containing either double bonds, 
single electron links or electro valent links, 
are now regarded as hybrids of several 
different forms and containing neither double 
bonds, electrovalent nor single links. In the 
simplest case of boro-ethane, a mesomeride 
of the seven forms is considered as most 


H H H H 

H—i H H—^ H 


-B H 


etc. 


H H 


probable. In each formula there is a deficiency 
of two electrons, but this lack of a link must 
not be associated with any one atom, but as 
common to the molecule as a whole (S. H. Bauer, 
J. Amer. Chem. Soc. 1937, 60, 1096). 

E H B 

ELECTRONIC THEORY APPLIED 
TO ORGANIC CHEMISTRY. The api)H- 
cation of the electronic theory to organic 
chemical compounds and reactions has formed 
the subject of several articles by Robinson and 
by Ingold. The hypothesis as viewed by 
Robinson is, for example, given in two lectiires 
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entitled ** Outlines of an electrochemical (electro¬ 
nic) theory of the course of organic reactions/’ 
Institute of Chemistry (1932, pp. 1-52). The 
hypothesis is, however, of an entirely qualitative 
character, the lack of any quantitative aspect 
rendering it impossible to provide that measure 
of prediction without which the value of a 
theory is seriously curtailed. In view of this, 
and of the fact that the subject is still 
polemical, we have decided not to deal with 
it here. 

ELECTRONS v. Atomic STiuicTuaE (Vol. I, 
p. 541a). 

ELEKTRON v. Alt.oys, Liciit (Vol. 1, 
p. 255d). 

ELEM I . The oleoresin, elemi, of commerce 
is almost entirely obtained from species of 
Canariurrif of which C. luzonicum. Miq. (Fam. 
Burscraceffl) is the principal. This is known as 
Manila elemi as it mostly (lomcs from the 
Philippine Islands. Certain spocues of Amyris 
yield an oleoresin, e.g. Amyris Pluniieri 1).C., 
which is known as Yucatan elemi. East 
African elemi is derived from BosvvJiia Frereana 
Birdw. ; Brazilian elemi from FroUum hepta- 
phyllum March., and (.^amer(K)n elemi from 
Canarimn Schweinfuriii Engl. But the elemi 
of commerce is substantially only the Manila 
variety. 

When fresh it is opaque and soft, but becomes 
harder and transparent on keeping. The oleo¬ 
resin contains from 15 to 30% of essential oil, 
consisting principally of terponcs. This oil 
has the following characters : specific gravity 
at 15*6", 0-870-0-915; optical rotation, +30° 
to +55° (rarely +4° to +134°); refractive 
index, 1'4775-1-4000; acid value, 0-2; ester 
value, 4-10. For details of the various elemi 
oils, 8ee Parry, “Essential Oils,” 1921,Vol. 1, 
p. 407. 

The chemistry of the resin was studied by 
Tschirsch and Cremer (Arch. Pharm. 1902, 240, 
293), who gave the following as the composition 
of soft and hard elemi resins : 



Soft. 

Hard. 

Amyrin .... 

/o 

20-25 

0 / 

/o 

20-25 

a-Elemic acid . 

5-6 

8-9 

j9-Elemic acid . 

8-10 

6-8 

Resene .... 

30-35 

30-35 

Bryoidin .... 

0 - 8-1 

1-1-5 

Essential oil . . . 

20-25 

7-8 


811), Liob and Mladenovid (Monatsh. 1932, 
61, 274), Brunner, Hofer and Stein {ibid. 1932, 
61, 293). Mladenovi^ {ibid. 1937, 70, 276) 
considers that the mixture of the isomeric 
amyrin alcohols, C 30 H 50 O, crystallises with a 
melting-point 177-178°, the melting-point not 
being depressed by admixture with another 
similar preparation. The alcohol breiUy 
^30 ^ 6 o 02 » when crystallised from acetic acid 
has m.p. 220 °. Mladenovid states that the 
amorphous elemic acid of Tschirsch is a mixture 
of various elemic acids. Horrmann (Arch. 
Pharm. 1930, 268, 64) describes a method by 
whit^h crude amyrin is separated by means of the 
benzoates into a- and ^-amyrin. a-Amyrin has 
m.p. 183-184° and b.p. 243°/0-74 mm. ; jS- 
amyrin, m.p. 193-194° and b.p. 259-5°/0-8 mm. 
For the constitution of the amyrins reference 
should be made to the following papers: 
Dieterlc (Arch. Pharm. 1931, 269, 78); Rollett 
and Schmidt (Monatsh. 1924, 45, 519) ; Rollett 
{ibid. 1931, 58, 113). Samples of elemi resin from 
southern Nigeria and Pganda had the following 
characters: 



J. 

0 

0 

Ash, %. 

0-6 

0-53 

0-3 

Acid value .... 

55-3 

37-8 

29-4 

Saponification value . 

71-9 

42-2 

44-8 

Essential oil, % . . . 

8-1 

4-4 

11-2 


Normal samples of Manila elemi have an acid 
value from 18 to 30, rarely exceeding 25. The 
ester value varies from 6 to 20 , sometimes, 
but rarely, being as high as 25. 

E. J. P. 

ELEMICIN, 3:4:5-trimethoxyalIyl benzene, 
is a constituent of the essential oil of elemi 
and of a number of grass-oils {e.g. of some 
Indian grass-oils, W. J. van Eerde, Pharm. 
Weekblad, 1924, 61, 1182 ; see also Schimmel 
& Co., Geschaftsber. 1925, 3 ; T. Kariyone and 
A. Majima, J. Pharm. Soc. Japan, 1935, 55, 
14) and of the oU from Boronia varieties 
(A. R. Penfold, J. Proc. Roy. Soc. New South 
Wales, 1929, 62, 225). 

Elemicin has been synthesised by the re¬ 
arrangement of 2 : 6 -dimethoxyphenyl allyl ether, 
followed by methylation of the product (F. 
Mauthner, Annalen, 1917, 414, 250): 

OCHa'CHrCHa 

OMe++OIVIe 


According to the British Pharmaceutical Codex 
(1934 edition), besides the essential oil, the 
oleoresin contains crystalline and amorphous 
resin acids, bryoidin and a bitter substance. 
The resinous constituents are given as a-man- 
elemic acid (crystalline, melting at 215°), jS- 
manelemic acid (amorphous), a- and j 8 -man- 
amyrin (both crystalline), and manelresene. 

The chemistry of the elemic acids is extremely 
intricate, and reference should be made to the 
following papers : Bauer and Dimokostoulos 
(Arch. Pharm. 1931, 269, 218), Lieb and 
Mladenovid (Monatsh. 1931, 58, 59), Ruzicka, 
Hoskiug and Wick (Helv. Chim. Acta, 1931,14, 



OH 

220° MeOr'^ ^OMe 



Methylation 


Elemicin 


and by similar reactions and simultaneous 
decarboxylation of the 4-car boxy derivative of 
2 : 6 -dimethoxyphenyl allyl ether (G. Hahn and 
H. Wassmuth, Ber. 1934, 67, [B], 696). 
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Oxidation of elemicin by potassium per¬ 
manganate in acetone yields gallic acid tri¬ 
methyl ether (K. H. Bauer and H. J. Starcke, 
Arch. Pharm. 1934, 272, 107) and ozonisation 
yields trimethoxyphenyl acetaldehyde (Hahn 
and Wassmuth, l.c.). The amines obtained by 
adding hydrogen bromide to elemicin and replac¬ 
ing the bromine atom in the resulting 3:4:5- 
trimethoxy-y-bromopropyl benzene by —NHj 
or —NHM e are intermediates for valuable 
therapeutic compounds (G.P. 398011). 

E L E M O L . The sesquiterpene alcohol elemol, 
CuHgeO, m.p. 51-52", b.p. 144-145711 mm. 
dY 0-9400, T504, cd —5°, phernjlurethave, 

m.p. 112-113°, was first isolated by Clover (Philip¬ 
pine J. 8 ci. 1907, 2, A, 1) from Manila oil of elemi, 
which is obtained from the oleoresin oi' Cariarium 
iuzonicum A. Gray. The alcohol was later 
investigated by Semmler and Putung Liao 
(Ber. 1910, 49, 794 ; 1917, 50, 1286), by Jansch 
and Fantl {ihid. 1923, 56, [B], 1303) and by 
Ruzieka and his collaborators (llelv. Chim. Acta, 
1920, 9, 841 ; Annalen, 1929, 476, 70). 

Elemol is a tertiary alcohol, since it does not 
react with phthalic anhydride ; it gives on 
dehydration with formic acid a hydrocarbon, 
elemeney C 15 H 24 , b.p. 115-117 710 mm., 
0*8797, Wp 1*4971, which yields eudalene on 
dehydrogenation with sulphur. It contains two 
ethylenic linkages yielding on catalytic hydro¬ 
genation tctrahydroelernoly C|5H3,,0, m.p. 35*5°, 
b.p. 138-142713 mm., 0-9080, 1-4870, 

ap — 20 °, which on dehydration gives tetra- 
hydroelemeney CjsHjg, b.p. 118-120°/12 mm., 
d^^ 0-8570, ap 1-4700, ap —15*2". The ethylenic 
linkages in elemol cannot be conjugated, since it 
is not reduced by sodium and alcohol. 

From a study of the products of the ozonolysis 
of elemol and elemene Ruzieka (l.c.) has shown 
that the al(X)hol is most probably represented by 
1. Ozonolysis of the alcohol gives a mixture of 
mono- and di-ozonides, decomposition of the 
former yielding an unsaturated keto-alcohol, 
^ 14 *^ 24 ^ 2 » ^-P- 125-135°/0-3 mm., which 

on dehydration with formic acid gives an 
unsaturated ketone (III), C 14 H 22 O, b.p. 125- 
127°/12 mm., reduced by sodium and alcohol j 
to the unsaturated alcohol, C 14 H 24 O, b.p. 119- | 
122°/12 mm., and it cannot therefore contain a 
conjugated system of ethylenic linkages. 


CH 

hc5^^ 


Me, 


Me2C{OH)CH 


dH 


CEtiCHo 


Me2C(OH)' 


CH 

\ 

HC CMea 

in 


CHCOEt 


n. 


CH 

HC CMe™ 

I I 

H2C:CMeCH CH-COEt 

\ / 

CH2 

HI. 

The position of the hydroxyl group in elemol is 
proved by the fact that the hydrocarbon, 
elemene (IV), gives on oxidation acetone in 
addition to formaldehyde. It is probable that 
the hydrocarbon is a mixture of IV and IVa. 

CH 

HC" CMe. 

I I 

Me2C:C CH-CELCHo 

\ 

CHg 

IV. 

CH 

HC CMeo 

I I 

H2C:CMe-CH CH*CEt:CH2 



IVa. 

Elemol is best charactei ised by the preparation 
of the phenyliirethane referred to above ; the 
benzoate, w^hich has been used for its isolation, 
is an oil. 

d. L. S. 

ELEUSININ V. (!rreals (Vol. 11, p. 488d). 

ELIQUATION or LIQUATION. A 
metallurgical term to denf>te the operation of 
separating substances by taking advantage of 
their different fusibilities. 

ELLAGIC ACID, Ci 4 HgOg, is obtained 
from numerous tannin matters containing an 
ellagitannin by boiling the aqueous extract with 
dilute sulphuric acid. In many cases it is 
found in the free state, due probably to the 
hydrolysis, by fermentation, of the ellagitannin 
or ellagic acid glu coside originally present, and 
such a fermentation frequently occurs when 
aqueous extracts of the tannin matters are- 
allowed to stand for some time. 

Divi-divi {Caeaalpinia coriaria)^ myrobalans 
{Terminalia chebula)^ algarobilla {Caesalpinia 
brevifoUa) and valonia {Quercus aegilopa) yield 
considerable quantities of ellagic acid. It has 
also been isolated from numerous other natural 
sources, and, in fact, probably occurs, if only 
in minute quantity, in all plant products which 
contain gallotannin. Most interesting are the 
Oriental bezoar stones, concretions which are 
found in the stomach of goats and other animals, 
and consist largely of ellagic acid. These origin¬ 
ate, without doubt, from the plant diet of the 
animal, in which some quantity of an ellagitannin 
is present. 

Ellagic acid was first discovered by Chevreul 
(Ann. Chim. Phys. 1818, [ii], 9, 329) in oak galls. 
Merklein and Wohler (Annalen, 1846, 56, 129), 
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who isolated it from bezoar stones, showed that 
its formula is Ci 4 H 0 Og. 

The precipitate of crude ellagic acid obtained 
by boiling the tannin extract with dilute 
mineral acid, or by the fermentation alluded to 
above, is purified by washing with alcohol and 
subsequent crystallisation. It is most readily 
crystallised from pyridine (Perkin and Nieren- 
stein, J.C.S. 1905, 87, 1410) and forms prismatic 
needles which, according to Zetzsche and Graef 
(Holv. Chim. Acta, 1931, 14, 240), consist of an 
addition compound of ellagic acid and 2 mol. 
of pyridine. The needles are converted by 
alcohol into a pale yellow crystalline powder, 
but when purified by means of its acetyl deriva¬ 
tive the product is almost colourless (Perkin and 
Nierenstein, lx.). Ellagic acid is very sparingly 
soluble in all the usual solvents, dissolves in 
alkaline solutions with a pale yellow colour, and 
gives a green coloration with ferric chloride. 
It does not melt below' 390" and sublimes at 
higher temperatur(‘s with considerable carbonisa¬ 
tion. When treated with nitric acid containing 
nitrous acid, and subsequently diluted, it gives 
a blood-red coloration (Gricssmayer's reaction), 
but this property, considered at one time to be 
characteristic, is known to be possessed also by 
fiavellagic acid. 

With phenylliydrazine, ellagic acid forms the 
product CqHjjN HN H 2 ,Ci 4 HgOg, 5 'ellow 
needles, readily reconverted into ellagic acid. 
Similar compounds are obtained with aniline and 
quinoline (Goldschmicdt, Monatsh. 1905, 26, 
1139). 

The following derivatives have been described : 
telra-acetylellagic acid, colourless needles, 
m.p. 317-319“ (Zetzsche and Graef), m.p. 343- 
346° (Perkin and Nierenstein) ; ietrabenzoyl- 
ellagic acid, colourless needles, m.p. 332-333° 
(Perkin, J.C.S. 1906, 89, 259) ; ellagic acid mono- 
methyl ether, yellow crystalline powder; diacetyl- 
ellagic acid monomethyl ether, crystalline powder, 
ellagic acid difnethyl ether, crystalline powder 
(Goldschmicdt) ; ellagic acid teiramethyl ether, 
colourless microscopic needles (Goldschmiedt; 
Herzig and PoUak, Monatsh. 1908, 29, 263); and 
tetracarbethoxyellagic acid, m.p. 244° (Feist and 
Bestehorn, Arch. Pharm. 1925, 263, 16). 

Shinoda and Ping-kun (J. Pharm. Soc. Japan, 
1931,51, 50) isolated, from the roots of Euphorbia 
formosana Hay, an ellagic acid dimethyl ether, 
m.p. 337-338°, which is not identical with the 
dimethyl ether described by Goldschmicdt. Its 
colour reaction with ferric chloride suggests that 
the free hydroxyl groups are present in different 
rings. It yields a diacetyl derivative, m.p. 298- 
300°, and, on demethylation, gives ellagic acid, 
the tetra-acedyl derivative of which is stated to 
melt at 342-343°. 

Ellagic acid gives the following salts: 

minute yellow needles (Perkin 
and Wilson, J.C.S. 1903, 88, 134) ; 
prisms (Merklein and Wohler ; Perkin and 
Wilson); K 2 Ci 4 H 40 g,K 0 H, microscopic prisms 
(Merklein and Wohler); NaaCi 4 H 40 g, crystal¬ 
line powder; NaCi 4 Hg 08 ,H jO, yeUow needles 
(Ernst and Zwenger, Annalen, 1871, 159, 32). 

I^we (Zeitsch. Chem. 1868, 4, 603) was the 
first to prepare ellagic acid synthetically by 
oxidising gallic acid with arsenic acid. It was 


subsequently synthesised by Ernst and Zwenger 
(lx.) by heating ethyl gallate with sodium 
carlx)nate solution in the presence of air, and by 
Griessmayer (Annalen, 1871, 160, 55) by heating 
gallic acid with water and iodine. Ellagic acid 
is readily produced by oxidising gallic acid 
dissolved in acetic acid by means of potassium 
persulphate and sulphuric acid (Perkin and 
Nierenstein, l.c.), and, together with fiavellagic 
acid, by the addition of potassium persul¬ 
phate to a solution of gallic acid in 
sulphuric acid (Perkin, l.c.). Under similar 
conditions, gallotannin produces ellagic acid, 
and it can also be prepared by boiling the 
tannin with hydrogen peroxide (Nierenstein, 
Her. 1907, 40, 917 ; 1908, 41, 3015 ; 1909, 42, 
353). Herzig and Bronneck (Monatsh. 1908, 29, 
263) obtained good results by passing air through 
an ammoniacal solution of ethyl gallate, and 
also of gallotannin, whereas Sisley (Bull. Soc. 
chim. 1909, fiv], 5, 727) prepared ellagic aciid 
from tannin by means of «alc‘oholic potassium 
hydroxide solution. Acu'ording to llupe (“ Chem. 
naturl. Earbstoffe,” 1909, II, 162), a 60% yield is 
obtained by oxidising a solution of gallic acid in 
sulphuric acid with sodium nitrite. 

When ellagic acid is distilled with zinc dust, 
fluorene is obtained (Kembold, Her. 1875, 8, 
1494 ; Barth and Goldschmiedt, ibid. 1878, 11, 
846). Graebe {ibid. 1903, 36, 214) observed that 
diphenylmethylolid : 



on distillation with zinc dust, gives not only 
diphenyl and methyldiphenyl, but also fiuorene, 
and in a theoretical discussion of the formula) 
advanced by Barth and Goldschmiedt (Ber. 
1879, 12, 1253) and Schifif {ibid. 1879, 12, 1534) 
for ellagic acid, he suggested that the structure : 



proposed by Schitf, most probably represents the 
true constitution of this substance. 

The subject was reinvestigated somewhat 
later by Perkin and Nierenstein {l.c.), who, on 
digesting ellagic acid with boiling potassium 
hydroxide solution, obtained Barth and Gold- 
schmiedt’s so-called hexahydroxydiphenylene 
ketone, Ci3H807. From this substance a 
2 )enta-acetyl derivative, prismatic needles, m.p. 
224-226°, and a pentabenzoyl compound, plates, 
m.p. 257-259°, were prepared. As, moreover, 
zinc dust distillation gave fiuorene, there could 
be little doubt that this com])oiind was in reality 
peniahydroxydiphenylmethylolid: 
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as, indeed, was surmised by Graebe. From their 
results, together with a study of other similar 
compounds, Perkin and Nierenstein confirmed 
Graebe’s view that Schilf’s formula is a correct 
representation of the constitution of ellagic acid. 

Finally Herzig and Poliak (lx.) studied the 
methylation prodiujts of ellagic acid and obtained 
results further cjorroborating this constitution. 
When tetramethylellagic acid is digested with 
alcoholic potash and methyl iodide, dimethyl 
hexamethoxydipheriyldicarboxylate (1), m.p. 
109-1 IP, is obtained, together with a small 
quantity of methyl pentamethoxydiphenyl- 
methylobdcarboxylate (II), m.i). 187-189”. 

By means of alcoholic potassium hydroxide, 
compounds I and II yield respectively 
hexarnethoxydiphenyldicarboxylic acid (HI), 
m.p. 238-240”, and hydroxypentamethoxy- 
diphcnyldicarboxylic acid (IV), m.p. 200-203”. 


/COOMe 


MeO^ 


MeO OMe 


MeO OMe 

>OMe 


\. 

MeOOC 




.CO 


MeO( 


OMe 

\oMe 


Med " OMe MeOOC 
II. 


_ / 


_COOH MeO OMe 

Meo/ \ -/ \oMe 


MeO OMe HOOC 

III. 


COOH 


MeO( 


HO_^OMe 

-/ \oMe 


Med dMe HOOC" 

IV. 


The tinctorial properties of ellagic acid are 
somewhat feeble, but in 1887 it was placed 
on the market by Moister, Lucius and 
Brttning under the name of “ Alizarin Yellow in 
paste,” and was recommended as yielding, with 
chromium mordants, greenish-yellow shades of 
considerable permanence. 

Ellagic acid is probably not a tanning material 
in the true sense of the term, but is of con¬ 
siderable importancie, nevertheless, in the tann¬ 
ing process. Thus the ellagitannin absorbed by 
the hide is at least in part converted into ellagic 
acid, and the deposit thus formed adds weight 
and bloom to the finished article. 

Other members of this group have been 
prepared synthetically by oxidation of suitable 
hydroxy benzoic acids {v, Catellagio Acid 
and Caebuleoellachc Acid). 

A. G. P. and E. J. C. 


ELM-SEEDOIL. Elm seeds contain about 
25% (equivalent to 8-10% on the whole winged 
fruit) of a pale, greenish oil, which is remarkable 
on account of the high Polensko value (33-41) 
and the very high proportion of capric (decoic) 
acid, which is present in the form of mixed 
glycerides. Pawlenko (Chera. Rev. 1912,19, 43) 
reported the presence of about 50% of capric 
acid and 5% of eaprylic acid in elm-seed oil from 
southern Russia (species unspecified), and like 
amounts of these two acids, together with 13% 
of higher saturated acids, wore isolated by 
Verkade and Lee (Proc. K. Akad. Wetensch. 
Amsterdam, 1933, 36, 883; Z. physiol. Chem. 
1934, 225, 237) from the seed-oil of Ulmua 
camjte atria Linn., for which ttui following 
characteristics were determined: acid value 
101, saponification value 2fi5'fi, iodine value 
37-9, Reichert-Meissl value 3-2, Polensko value 
33*2. 

An analysis of the oil (saponification value 
273, iodine value 24*1, Reichert-Meissl value 2*1, 
Polensko value 33-9) obtained from seeds of the 
American elm, Ulmua americana, grown in 
Wisconsi!!, similarly indi(^ated th(‘ prescuice of 
about 50% of capri(5 acid (Schuette and Lunde, 
Oil and »Soap, 1930, 13, 12). 

The use of elm-seed oil as an edible oil for 
human (^onsum])tion has been suggested occasion- 
jilly on the Continent (r/. Kardaschew, Massl. 
Zhiro. Delo, 1920, No. 2-3, 78; see Chem. Zentr. 
1927, I, 2615), but its application for this 
purpose must be strongly deprecated, since it 
has been shown by Verkade and Lee (Proc. K. 
Akad. Wetensc h. Amsterdam, 1933, 36, 876; 
Z. physiol, (^hern. 1934, 225, 230; Bull. Soc. 
Chiin. biol. 1930, 18, 989) and by Deuel jr., 
Hallman, Butts and Murray (J. Biol. Chem. 
1930, 116, 621) that capric acid is kctogenic, and 
that the ingestion of the acid (or its esters) is 
liable to lead to pronounced diacidosis and 
diaciduria. 

It may be of interest to observe that the oil 
from the seeds of the hackberry tree {Celtis 
occidentalis Linn.), which superficially resembles 
the elm and, like it, belongs to the family 
Ulmacese, contains no capric acid, nor indeed 
any fatty acid of lower molecular weight than 
stearic acid (Schuette and Zehnpfennig, Oil and 
Soap, 1937,14, 269). 

E. L. 

ELUTRIATION. The process of separat¬ 
ing the lighter from the heavier particles of a 
powder by washing and decantation. 

EMAN IUM V. AciiNiUM (Vol. I, p. 1376). 

EM BAR IN . Sodium salt of 2-hydroxy-3- 
mercurihydroxy-5-sulphobenzoic acid, 

C 6 H 3 (C 02 H)( 0 H)(Hg 0 H)S 03 H. 

It is prepared by heating an aqueous suspension 
of the mercury salt of S-sulphosalicyhc acid 
(G.P. 216267; see also K. Ishihara, J. pharm. 
Soc. Japan, 1929, 49, 134). It is employed in 
conjunction with salvarsan as a typical mer¬ 
curial therapeutic (F. Blumenthal and K. 
Oppenheim, Biochem. Z. 1913, 67, 261; 

Brunecke, Therap. Monatsh. 1919, 33, 262 ; 
O. Herbeck, Deut. med. Woch. 1920, 46 , 1334; 
H. Hayek, Arch. Dermat. u. Syphilis, 1921, 
130, 284). 
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EMBELIA, EMBELIC ACID. Embelia, 
the dried powdered fruit of the Indian plant 
Embelia Bibes Burm. f., used in India in the 
treatment of tapeworm, contains 2-5% of 
einbelin or embelic acid, Ci 8 H 2 g 04 , m.p. 142°. 

E M BO LITE. Native silver chlorobromide 
containing chlorine and bromine in indefinite 
proportions, Ag(CI,Br), with chlorine pre¬ 
dominating. It is the commonest of the horn- 
silvers or cerarg 3 npites (q.v.), occurring as compact 
horn-like masses or as small, indistinct cubic 
crystals of a greenish-grey colour, soon darkening 
on exposure to light. Frequently a small 
amount of iodine is also present, and the 
formula is Ag(CI,Br,I); the colour of this 
iodembolite variety is usually greenish-yellow 
to orange-yellow. Largo quantities of embolite 
have been mined with other ores of silver in 
Chile, Mexico, and Broken Hill in New South 
Wales (Prior and Spencer, Min. Mag. 1902, 13, 
174). 

L. J. S. 

EMERALD. The grass-green colour-variety 
of the mineral beryl (q.v.) is the most prized 
of gem-stones, exceeding diamond in value. 
This colour is due to the presence of chromium. 
A medium coloured crystal from the Urals 
contained 0*19% and a lighter coloured crystal 
0-11% Cr^Og. In emerald from Colombia 
0-1% CPgOg has been found. Traces of 
vanadium have also been found, and this 
may perhaps have some influence on the colour. 
The name emerald is a sixteenth-century 
modification of the Spanish esrneralda^ from the 
Greek ofidpayhos (smaragdos). The earlier 
English name was smaragdo, like the modern 
German Smaragd. The best quality emeralds 
come from the neighbourhood of Muzo in 
Colombia, where they were first seen by the 
Spanish conquerors in 1537. Here they occur 
in a black carbonaceous limestone of Cretaceous ' 
age, in which they are believed to have originated 
by pneumatolytio action from neighbouring I 
pegmatite veins. An associated mineral, of 
significance in this connection, is the cerium 
and calcium fluo-carbonate parisite. A recent 
discovery of emerald at Bom Jesus das Meiras 
in Bahia, Brazil, is also in a metamorphic lime¬ 
stone or marble. Other occurrences are in 
mica-schist, for example at Jebel Sikait in the 
eastern desert of Egypt (“ Cleopatra’s emerald 
mines ”); on the Tokavaya stream, 90 km. N.E. 
of Ekaterinburg (Sverdlovsk) in the Urals ; 
Habach valley in Salzburg ; and the Lcydsdorp 
district in northern Transvaal. 

After many unsuccessful attempts, crystals of | 
emerald of appreciable size and of gem quality 
have now been grown under artificially controlled 
conditions. Hexagonal prisms up to 2 cm. long 
and yielding cut gems up to one carat have been 
prepared by the I.G. Farbonindustrio at Bitter- 
feld. The product is called “ igmerald.” The 
method of manufacture is not disclosed ; but 
it may be noted that the crystals contain minute 
cavities with liquid and bubbles, so they must 
have grown from solution, no doubt at a high 
temperature under pressure (M. Jaeger and 
H. Espig, Deut. Goldschmiede-Ztg. 1936, 88 , 
347 ; H. Espig, Z. Krist. 1936, 92, 387 ; E. 
Sohiebold, Z. Krist. 1936, 92, 436). Crystals of 


! emerald, but of what size and quality not stated, 

, have also been obtained from a saturated 
solution of SiOg, BeO and AlgOg in fused 
Be Fa with a trace of CrjOg (A. Amstutz and 
A. Borloz, Compt. rend. Soc. Phys. Hist. nat. 
Gen 6 vo, 1935, 52, 39). 

L. J. S. 

EMERALD-COPPER v. Dioptase (this 
VoL. p. Id.). 

EMERALD GREEN, GUIGNET’S 
GREEN, PANNETIER'S GREEN 
and VERIDIAN. (a) A hydrated chromic 
oxide, 3 Cr 203 , 2 H 20 , a stable pigment used 
alone, or with fillers such as zinc or chrome 
yellows, to increase the covering power in 
printing. It is prepared by heating a dichromate 
with boric acid (V. Schultz, Y. Nikolskaya and 
L. Penkova, J. Chem. Ind. Russ. 1929, 6, 1412), 
or Cr(OH )3 with H 3 BO 3 or silica gel (L. 
Wohler, G.P. 397700) {v. Chromium, Vol. Ill, 

p. 106). 

(h) Emerald green has also been regarded as 
synonymous with Schweinfurt green, a double 
arsenite-acetate of copper, 

3Cu(As02)2Cu(CH3-C02)2. 

It has, on account of its toxicity, been to some 
extent eliminated from paint technology and 
finds greater application as an insecticide in 
agriculture (L. and J. Deshusses, Ann. Falsif. 

1929, 22, 392; G. Hilgendorfi', Z. angew. Chem. 

1930, 43, 648). For manufacture, properties, 
insecticidal evaluation, etc., of Schweinfurt 
green, see A. Thiirmer, Farben-Ztg. 1930, 1 , 
114) {v. Arsenic, Vol. I, p. 478). 

EMERY (J^meri, Fr.; Smirgel, Schmirgel, 
Ger.). An impure variety of corundum. It is, 
however, more of the nature of a rock, rather 
than a simple mineral, consisting essentially of 
a fine-grained aggregate of corundum (60-60%) 
and magnetite (30-40%). Several other 
minerals are also j)resent in smaller and variable 
amounts. Haematite and limonite are present 
as alteration products of the magnetite ; and 
others, such as diaspore, margarite (emerylite), 
muscovite, kyanite, have probably been derived 
from the corundum. In addition, there may 
also bo tourmaline, chloritoid, biotite, staurolite, 
rutile, idocrase, pyrite, iron-spinel {hercynite), 
etc. Tho material is dull black, dark grey or 
bluish-black, and has much the appearance of 
a fine-grained iron-ore ; sp.gr. 3-75^-31. It is 
massive and opaque, breaking with a more or 
less regular fracture, and is magnetic. The 
abrading power (measured by tho amount of 
glass abraded by a given weight of emery in 
a certain time) ranges from 65 to 32, as com¬ 
pared with sapphire at 100. These values are 
only roughly proportional to tho amount of 
alumina (corundum) present in tho mixture, 
depending also to some degree on tho texture of 
tho material. 

The analyses listed below are of material 
from Naxos, I-IV (I and II, the extremes as re^ 
gards the amount of alumina of seven analyses 
by Oser, quoted by S. A. Papavasiliou, 1913 ; 
III and IV, by E. Ludwig, quoted by G. 
Tschermak, 1894) ; Asia Minor, V, by R. 
Kramer, 1907 ; Peekskill, New York, VI, by 
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G. H. Williams, 1887. Several older analyses 
have been published by J. L. Smith (Amer. J. 
Sci. 1850, 1851, 1866), and by R. Jagnaux 
(Bull. Soc. Min. France, 1884). 



T.i 

II. 

III. 

IV. 

V. 

VI .2 

A 1203 

66-16 

60*05 

57*67 

56*52 

60*10 

46*53 

FePa 

FeO 

24*27 

3*48 

24*031 
4*02J 

^33*36 

34*65 

33*20 

41*29 

MnO 

0*25 

0*85 

— 

— 

— 

— 

MgO 

0*38 

1*05 

0*83 

0*43 

— 

9*43 

CaO 

1*62 

1*51 

0*43 

0*90 

0*48 

— 

NagO 

— 

— 

n.d. 

0*60 

— 

— 

K 26 

— 


0*31 

0*40 

.— 

— 

SiO, 

3*23 

509 

5*64 

5*45 

1*80 

2*42 

no. 

— 

— 

n.d. 

n.d. 

— 

0*51 

B 2 O 3 

— 

— 

M5 

0*88 

— 

— 

H 2 O 

0*37 

3*67 

0*70 

0*42 

5*62 

__ 


99*76 

100*27 100*09 : 

100*25 101*20 

100*19 

Sp.gr. 

4*06 

3*84 

3*71 

3*98 

— 

— 

^ Also 

' 2^3 

trace. 

* Also PjO, 

trace, 

S 0*01. 


Analysis 111 corresponds to the mineral 
composition : corundum 52-4, magnetite 32*1, 
tourmaline 11*5, muscovite 2, margarite 2% ; 
and IV to ; corundum 50, magnetite 33, 
tourmaline 9, chloritoid 4, muscovite 3, calcite 

i%- 

The only sources of supply are Greece, 
Asiatic Turkey and the United States. Occur¬ 
rences have been reported from several localities 
in Australia. The deposits in the island of 
Naxos in the Grecian archipelago have been 
known since remote times. Here, on the north¬ 
east side of the island, the emery occurs as 
irregular beds and lentictilar masses in crystalline 
limestone (marble), associated with crystaUine 
schists and intruded by granite. Large isolated 
blocks also occur weathered out on the surface. 
The methods of mining are very primitive, and 
resort is made to the old method of fire-setting, 
the surface of the rock being heated by fires and 
then suddenly cooled by water to develop cracks. 
The production is the monopoly of the Greek 
Government, and amounts to about 10,000 tons 
er annum. Emery also occurs on the neigh- 
ouring islands of Iraklia, Sikinos, Paros and 
Amurgos, but these deposits are not worked. 
(On the Naxos deposits, v. W. H. Cottrell, 
Foreign Office Rep., Miscell. Ser. No. 368, 
London, 1895 ; G. Tschermak, Tsch. Min. Petr. 
Mitt. 1894, 14, 311 ; S. A. Papavasiliou, Z. 
deut. Geol. Ges. 1913, 65, 1-123.) 

The important deposits in western Asia 
Minor, round Smyrna, were discovered by J. 
Lawrence Smith in 1847. Here also the emery 
occurs as lenticular bodies in bluish crystalline 
limestone, associated with mica-schist, gneiss 
and granite ; and as loose blocks weathered out 
in the reddish surface soil. The principal mines 
are situated on the Gume Dagh or Messogis 
Mountain in the Aidin district (E. of Ephesus 
and S.E. of Smyrna). Others are near Manisa 
(the ancient Magnesia), near Kula and Adula 
(N. of Ala-Shehr=Philadelphia) and on the 
neighbouring islands of Samos and Nikaria. 
The output of 20,000-30,000 tons per annum 
is shipped from Smyrna. Some of the material 


I from Samos shows a pisolitio structure, and the 
suggestion is that it has been formed by the 
metamorphism of a ferruginous bauxite. (On 
the Asia Minor deposits, v, J. L. Smith, Amer. J. 
Sci. 1850, 1851, 1866; and ‘‘Original Re¬ 
searches in Mineralogy and Chemistry,” 1884 ; 
R. Kramer, Kleinasiatische Schmirgelvorkomm- 
nisse Inaug.- Diss. Leipzig, Berlin, 1907 ; J. de 
Lapparent, Compt. rend. 1933, 197, 75 ; 1934, 
198, 760 ; 1935, 201, 154.) 

In the United States, deposits have been 
worked at Peekskill in Westchester Co., New 
York, occurring here as segregations in gabbro; 
and in amphibolite-schist at (Chester in Hampden 
Co., Massachusetts. The annual output amounts 
to only about 1,000 tons, and that from Chester 
has now fallen off. (On the United States 
occurrences, v. G. P. Merrill, “ The Non-Metallic 
Minerals,” 2nd ed., New York, 1910.) 

An abrasive material mined at Wildenreuth 
and other places in Bavaria under the name of 
emery {Schmirgel^ Ger.) is really a mixture of 
garnet and quartz, in the trade the name 
emery has also been ax)plied to the refuse from 
cutting gems and from gem-washings. 

In the preparation of the material for the 
market, after being carefully hand-picked at 
the mine, it is crushed under stamps and sorted 
into various grades of fineness through wire 
sieves. The finest “ flour of emery ” is prepared 
by washing and elutriation. Emery powder is 
used by lapidaries and stone workers, for 
polishing plate glass and grinding lenses. In the 
form of emery paper, emery cloth and emery 
sticks, the powder is fixed by means of glue. 
For emery wheels the powder is mixed with a 
cementing material, such as shellac, sodium 
silicate or vulcanite ; or it is baked with loam 
or kaolin and thus embedded in terra cotta or 
porcelain. Such wheels are much used by 
lapidaries and dentists, and for grinding and 
polishing metals, etc. Attempts have been 
made to use pieces of emery, in place of diamond, 
in the crowns of rock-drills. (On the technical 
uses of emery, v. A. Haenig, ” l)er Schmirgel 
und seine Industrie,” Wien, 1910 ; “Abrasives,” 
Imp. Inst., London, 1929.) 

L. J. S. 

EM EXAMINE, C29H3e04N 2 , occurs in 
ipecacuanha in traces, accompanying emetine 
(g.v.) and O-methylpsychotrine in the non- 
phenolic fraction of the ether-soluble bases. It 
is related constitutionally to emetine in the same 
way as isoquinoline to 1:2:3:4-tetrahydroi«o- 
quinoline, and yields wo-emetino on reduction 
(Pyman, J.C.S. 1917, 111, 419; Brindley and 
Pyman, ?7nd. 1927, 1067). 

When regenerated from a salt in ether, it 
crystallises in colourless needles, containing 
JEtgO, m.p. 138-139° (corr.), [ajj, -fl3*6° in 
99% alcohol (c=2), and from ethyl acetate 
in colourless needles, free from solvent, m.p, 
153-154°. It forms crystalline Isevo-rotatory 
salts with a series of acids. 

F. L. P. 

EMETINE. The term emetine was first 
applied by Pelletier and Magendie (Ann. Chim. 
1817, [ii], 4, 172) to a crude preparation of the 
total alkaloids of ipecacuanha, and was used sub¬ 
sequently by numerous authors to designate 
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various purified preparations of the alkaloids. 
The earlier researches may be traced by reference 
to the papers of Paul and Cownley, and only one 
need be mentioned here, namely that of 
Gl^nard (Ann. Chim. 1876, [v], 8, 233), who 
succeeded in preparing emetine hydrochloride in 
a crystalline state by a fortunate choice of pro¬ 
cedure. The first real advance in the study 
of these alkaloids was made by Paul and 
Cownley (Pharm. J. 1894, [iii], 25, 111), who 
showed that the portion soluble in ether could 
be separated into two fractions by extraction 
with aqueous sodium hydroxide, when the 
ethereal solution contained a non-phenolh; 
alkaloid for which the name emetine was retained, 
whilst the alkaline liquor contained a crystalline 
alkaloid which was termed cephaelim (q.v.). 8u b- 
sequently (Pharm. J. 1894, [iii], 25, 690) they 
isolated a third alkaloid, paychofrine, from the 
root. Many years later O. Hesse (Annalen, 
1914, 4*05, 1) described two more alkaloids of 
ipecacuanha, ipecamine and hydroipemmine, 
but these are probably not homogeneous sub¬ 
stances (c/. Pyman, J.C.S. 1917, 111, 419). 
More recently Pyman (Z.c.) isolated two new 
alkaloids of ipecacuanha, one being the O-methyl 
ether of psychotrincy whilst the other was termed 
emetamine. 

Neglecting previous })ubli cations, the 
chemistry of these alkaloids has been studied by 
Paul and Cownley, Pharm, J. 1893, [iii], 24, 
61 ; 1894, [iii], 25, 111, 373, 641, 690 ; 1895, 
[iv], 1, 1, 321 ; the same with Hesse, ibid. 
1898, [iv], 7 , 98 ; Frerichs and de Fuentes 
Tapis, Arch, Pharm. 1902, 240, 390 ; Keller, 
ibid. 1911, 249, 512 ; 1913, 251, 701 ; 1917, 
255, 75 ; Carr and Pyman, Chem. Soc. Proc. 
1913, 29, 226 ; J.C.S. 1914, 105, 1591 ; Hesse, 
Annalen, 1914, 405, 1 ; VVindaus and Her¬ 
manns, Ber. 1914, 47, 1470; Pyman, J.C.S. 1917, 
111, 419 ; 1918, 113, 222; and Karrer, Ber. 
1916,49,2057; 1917,50,582. Patents have been 
taken out by W. G. Whiffen, G.P. 99090 (1897), 
for the purification of emetine by crystallisa¬ 
tion of the hydrobromide ; by Chem. Werke 
vorm. Dr. Hoinr. Byk., G.P. 267219 (1912), 
for the extraction of the alkaloids from the root 
by means of chloroform mixed with alcoholic 
hydrogen chloride ; by H. S. Wellcome, F. H. 
Carr and F. L. Pyman, B.P. 14677 and 17483 
(1913), for the preparation of emetine by 
the methylation of cephaelino by means of 
dimethyl sulphate and sodium methyl sulphate 
respectively ; by Farbw. vorm. Moister, Lucius 
und Bruning, G.P. 298678 (1916), for the 
preparation of emetine by the methylation of 
cephaeline by means of diazomethane; by 
Chem. fabrik vorm. Sandoz, B.P. 291088(1928), 
for the preparation of emetine by the methyla¬ 
tion of cephaeline by means of phenyltrimethyl- 
ammonium hydroxide ; by J. W. Header, B.P. 
11717, 11718, 11719 (1915) ; 103881, 104652, 
105722 (1916); U.S.P. 1219575 (1917), and 
by Farbw. vorm. Meister, Lucius und Bruning, 
G.P. 301498 (1915), for the preparation of 
homologues of emetine by the alkylation and 
arylation of cephaeline with derivatives of 
alcohols other than methyl alcohol. 

Isolation of the Alkaloids.—The total 
alkaloids extracted from the powdered root by 


means of alcohol, amyl alcohol (Paul and Cown¬ 
ley) or a mixture of benzene with light petroleum 
(Hesse) are dissolved in dilute hydrochloric acid, 
basified with ammonia and extracted with 
ether, which removes aU the known alkaloids 
except psycho trine ; this is extracted from the 
mother liquor by chloroform and crystallised 
from moist acetone. The ethereal solution is 
extracted with dilute aqueous sodium hydroxide, 
from which cephaeline can be extracted by 
means of ether after the addition of ammonium 
chloride ; on concentrating this ethereal solution 
cephaeline separates in long colourless needles. 
The ethereal solution containing the non- 
phenolic alkaloids is concentrated and the 
residue converted into the hydrochloride (Paul 
and Cownley), hydrobromide (Whiffen) or 
hydriodide (Karrer), when the emetine salt 
separates in a crystalline form. After removing 
the emetine, the remaining alkaloids are con¬ 
verted into acid oxalates in alcoholic solution, 
when the crystalline acid oxalates of O-methyl- 
psychotrine and emetamine are deposited ; these 
are separated by fractional extraction from their 
chloroform solutions by dilute acids. 

Properties ,—Emetine has the formula 

^ 29 *^ 40 ^ 4^2 

(Carr and Pyman ; Karrer), which is adopted in 
the British Pharmacopoeia, 1932, and the United 
States Pharmacopceia, 1936. Other formulae 
proposed for emetine are C 3 QH 44 O 4 N 2 (Paul 
and Cownley). C 3 yH 4204 N 2 (Hesse, 1898) 
and C 30 H 4 QO 5 N 2 (He^sse, 1914). It contains 
four methoxyl groups, one tertiary nitrogen 
atom common to two rings, and one secondary 
nitrogen atom contained in a ring. The 
largest fragment of the molecule so far obtained 
on oxidation is 6 : 7 -dimothoxyi 5 oquinoline-l- 
carboxylic acid, the formation of which shows 
that emetine is a derivative of woquinohne. 

Brindley and Pyman (J.C.S. 1927, 1067) 
have put forward the following formula for 
emetine : 


CH. CHg 
CHj CH CHMe 
ih CH, 


CH, 



It harmonises with the properties of this 
alkaloid, and permits also the deduction of 
plausible formulte for the subsidiary alkaloids. 

The constitution of emetine has also been 
discussed by Spath and Leithe (Ber. 1927, 
60, [B], 688 ) and Staub (Hclv. Chim. Acta, 1927, 
10 . 826). 

Emetine is amorphous and colourless, but 
turns yellow on warming or keeping. It melts 
at 74" (corr.) and has [a]p —50" in chloroform 
(c=2). It is sparingly soluble in water or light 
petroleum, but readily so in alcohol, ether or 
chloroform. It is a diacidic base forming 
neutral salts with two eqtuvalents of acids. The 
hydrochloride, hydrobromide and the double 
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iodide of emetine and bismuth are employed in 
medicine. 

Salts. —^The hydrochloride B>2HCI contains 
water of crystallisation varying from 3 to SH-O. 
It forms colourless woolly needles which alter 
drying at 100° melt indefinitely at 235-265° 
(corr.). Its specific rotatory power in aqueous 
solution varies with the concentration from 
Wn +11° (c=l) to [a]p +21° (c=8), calculated 
for the anhydrous salt. It is readily soluble 
in warm water (about 1 in 4 at 37°C.), but 
sparingly so in cold water (about 1 in 7 at 
25°C., and 1 in 11 at 16°C.), giving solutions 
which are neutral to litmus. It is official in the 
United States Pharmacopoeia, 1936, and the 
British Pharmacopoeia, 1932. This salt and also 
the hydrobromide are given orally or hypo¬ 
dermically in doses up to 1 grain in the treatment 
of amoebic dysentery. 

The hydrobromide B-2HBr,4H20 forms 
colourless needles which melt indefinitely at 
246-266° (corr.). It is readily soluble in hot, 
sparingly so in cold water (1 : 50). 

Emetine biamuthous iodide, prepared by the 
addition of Dragendorff’s reagent (potassium 
bismuthous iodide) to an aqueous solution of an 
emetine salt, is a dull scarlet powder, almost 
insoluble in water, approximating in composition 
to B*2HI‘2Bil3. It is given orally in amoebic 
dysentery, and is stated to cause less nausea 
than the soluble salts, since it is almost insoluble 
in the acid contents of the stomach, exerting 
its full ejffect only in contact with the alkaline 
juices of the intestines. It is official in the 
British Pharmacopoeia, 1932. 

The sulphate, nitrate and hydriodide are 
also crystalline, the last two being sparingly 
soluble in water. 

Detection and Estimation. —A charac¬ 
teristic reaction of the alkaloids is the yellow or 
orange colour produced by the action of bleaching 
powder and acetic acid (Power, Pharm. J. 1877, 
[iii], 8 , 344). Froehde’s reagent gives a grass- 
green colour with emetine and a purple colour 
with cephaeUne ; this distinction was utilised in 
a test devised to detect the presence of cephaeline 
in commercial emetine hydrochloride (United 
States Pharmacopoeia, 1916). 

The official methods of assay of ipecacuanha 
consist in the estimation of the ether-soluble 
alkaloids. 

The British Pharmacopoeia, 1932, requires a 
content of 2% of total ether-soluble alkaloids, of 
which not less than two-thirds consists of 
non-phenolic alkaloids. 

For a review of the methods of assay, see 
Frerichs and de Fuentes Tapis (Arch. Pharm. 
1902, 240, 390). 

The root contains 1 •5-2-5% of total alkaloids, 
consisting mainly of emetine and cephaeline, 
with 0 04-0 06% of psychotrine, 0-016-0-033% 
of methylpeychotrine and 0-002-0-006% of 
emetamine ; the proportions of emetine and 
cephaeline in the different commercial varieties 
are given by Paul and Cownley, Pharm. J. 
1896, [iv], 2, 321 ; 1903, [iv], 15, 266 ; Umney 
and Swinton, Yearbk. Pharm. 1899, 348 ; 
Carr and Beynolds, Pharm. J. 1908, [iv], 26, 
542 ; and Hesse, Annalen, 1914, 405, 1. 

F. L. P. 


E M PIRIN. Trade name for acetylsalicylio 
acid. 

EMPRESSITE. A silver-tellurium mineral 
AgTe, discovered in the Empress-Josephine 
mine, Kerber Creek, Colorado, associated with 
galena and native tellurium. Lustre, metallic; 
streak, greyish-black ; fracture, conchoidal; 
hardness 3-3-6 ; sp.gr. 7-51 (W. M. Bradley, 
Amer. J. Sci. 1914, [iv], 38, 163). 

L. J. S. 

EMULGATOR 167 v. Emulsions and 
Emulsification (this Vol., p. 286c). 

EMULSIN. The term “ omulsin ” was 
applied originally over 100 years ago to the en¬ 
zyme, or mixture of enzymes, present in bitter and 
sweet almonds, which hydrolyses amygdalin to 
glucose, benzaldehyde and hydrogen cyanide. 
The same enzyme was shown subsequently to 
hydrolyse many natural glucosidos as well as the 
synthetically prepared ^-glucosides, though it 
was entirely without action on the stereoisomeric 
a-alkylglucosides (Fischer, Z. physiol. Chom. 
1898, 26, 60). The name is now used to com¬ 
prise aU enzymes which hydrolyse j8-glucosides. 
Such enzymes are widely distributed in plants: 
besides in the kernels of fruits, they also occur 
in the leaves and young twigs of the higher 
plants, in most mould fungi, especially in 
Folyporus species parasitic on trees, and in 
bacteria. Henry and Auld (Proc. Boy. Soc. 

! 1905, B, 76, 668) consider that yeast probably 
contains emulsin. 

jS-Glucosides are also hydrolysed by certain 
animal extracts, e.g. intestinal mucous mem¬ 
brane, a fact which is taken to indicate the 
presence of emulsin. 

There are, however, well-marked differences 
in the number of substances which these various 
emulsin preparations are able to hydrolyse, 
and the investigations of Armstrong and 
others indicate that whilst the leaf enzyme 
(emulsin) is, as a rule, a specific for the glucosido 
normally occurring in the particular plant, the 
seed enzyme, especially that of the almond, is 
able to attack a number of glucosides. For this 
reason almond emulsin is considered to be a 
mixture of several closely related enzymes. 
According to H. E. and E. F. Armstrong and 
Horton (Proc. Boy. Soc. 1908, B, 80, 321), it con¬ 
tains a ^-glucase proper, which attacks jS-gluco- 
sides ; a cyanase, which eliminates hydro¬ 
gen cyanide from amygdalin ; an amygdalase, 
splitting off glucose from amygdalin ; and a 
lactase, acting on milk sugar {cf, Bosenthaler, 
Arch. Pharm. 1910, 240, 106). 

Almond emulsin hydrolyses ^-glucosides 
and also the disaecharides, lactose, gentiobiose, 
cellobiose and melibiose. It further hydrolyses 
the synthetical )3-methylgalactoside. The emul¬ 
sin of Aspergillus niger, on the contrary, has no 
action on lactose or on jS-galactosides. In 
referring to emulsin, it is therefore advisable 
to specify the source of the enzyme. 

The question of the specificity of emulsin 
presents certain difficulties : Is it when highly 
purified a single enzyme or a mixture of closely 
related enzymes ? By prolonged action and by 
using phenyl derivatives instead of the more 
resistant methyl glycoisides, Helferich has been 
able to observe some small measure of hydroly^ 
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of substances previously held to be resistant to 
emulsin. 

Primarily the definition of jS-glucosidase 
embraces the property of acting on all glucosides 
of glucose in which an aglucone is attached in 
the jS-position on Cj. Structural alteration is 
only permissible on Cg, such as substitution of 
the primary alcohol group by methyl (isorhamno- 
side) or by hydrogen (xyloside). {See Helforich 
and Appel, Z. physiol. Chem. 1932, 205, 231.) 

The introduction of a methyl group in the (>- 
hydroxy position retards, but does not prevent, 
hydrolysis by emulsin (Helforich and Gunter, 
Z. physiol. Chem. 1935, 231, 62). a-Z-Arabinoside 
is also claimed to be hydrolysed by emulsin. 

This jS-glucosidase is also called prunase and 
1 atteiiy ^-phenylglucoaiddse . 

It is still an open question whether the same 
enzyme hydrolyses also cellobiose and gentio- 
biose, the difference between which is that 
the x)oint of attachment on the second sugar 
is at C 4 and Cg respectively. 

►Some enzyme preparations which attacik 
cellobiose hardly act on salicin, others have the 
reverse effect. 

The aglucone of the glucoside influences the 
relative specificity, some glu(;osides being split 
only with difficulty and slowly (^ee Weiden- 
hagen, Ergebnisso Enzymforschung, 1932, [i], 
168 ; also Helforich, ibid. 1933, 2, 74 ; J938, 7, 
83). This last paper contains a summary of his 
views. 

Helferich has studied quantitatively the 
action of emulsin on a wide range of synthetic 
glycosides in order to measuic the effect of the 
aglucone on the enzyme. Phenylglucoside is 
taken as the standard. With the cresols the 
ortho-derivative is most quickly hydrolysed, 
then the meta-, whilst the para-cresol shows the 
same rate of hydrolysis as phenol. Ortho- 
derivatives are generally the most rapidly 
hydrolysed. There is no parallelism between the 
rate of hydrolysis by enzymes and by 
N-HC\ (see Helferich and others, Annalen, 
1934, 608, 192 ; 614, 228 ; 1935, 518, 211). 

In spite of many statements to the contrary, 
it is to be regarded as established that whilst 
emulsin contains a / 3 -galactosidase, this enzyme 
is distinct from jS-glucosidase. 

Preparation.—Ground sweet almonds from 
which the fat has been expressed are macerated 
with water and a little toluene or chloroform 
at the ordinary temperature for 12-24 hours. 
The liquid is expressed through a cloth, protein 
precipitated with a few drops of acetic acid 
and the clear filtrate precipitated with alcohol 
added 60 c.c. at a time till no further precipitate 
is formed. The liquid is decanted and the 
precipitate rapidly washed with absolute alcohol 
and ether to dehydrate it and dried in a vacuum. 
Alternatively the original precipitate may be 
collected on a filter paper, dried roughly on 
bibulous paper and dissolved in water in a 
closed bottle to which a little toluene is added. 
The clear solution so obtained is very active, 
and retains almost constant activity jfor many 
months. It is essential to carry out this pre¬ 
paration as rapidly as possible. 

The dried enzyme is a soft, white powder, 
giving most of the reactions of proteins, but 


losing these on purification. Its chemical 
nature has not been the subject of any detailed 
investigation. Active preparations are to be 
obtained in commerce. 

Emulsin exhibits maximum activity in 
neutral solution. Alkali stops the action; 
small quantities of acids usually increase the 
activity, owing to their effect in neutralising 
alkaline impurity. 

Experiments with emulsin are usually 
carried out at about 37° ; the optimum tempera¬ 
ture is 46°. Emulsin is less resistant to destruc¬ 
tion by heat in presence of alcohol below 50%, 
but above this point the reverse is the case, 
owing to the fact that in stronger alcohols the 
enzyme is precipitated, and in this condition is 
more resistant to heat. In sterilising plants 
containing enzymes it is best to use alcohol of 
such strength as to produce a liquid containing 
about 60% of alcohol (Bourquelot and Bridel, 
J. Pharm. Chim. 1913, 7, 65). 

The modem methods of separation have also 
been applied to emulsin. Active preparations 
are obtained by adsorption with kaolin and 
dialysis of the arnmoniacal elution (Josephson, 
Ber. 1926, 59, [BJ, 821). Helferich and his 
collaborators (Z. physiol. Chem. 1932, 208, 91) 
precq3itate with ZnS 04 tannin and remove 
the enzyme by extraction with water and 
acetone. The extract is further purified by 
precipitation with silver oxide and treatment 
with HgS. 

Tauber (J. Biol. Chem. 1932, 99, 267) has 
made attempts to purify emulsin so as to define 
its chemical nature, but was unable to obtain 
preparations free from protein. 

Helferich and Schmitz-Hillebrecht (Z. physiol. 
Chem. 1935, 54, 234) have found that neutral 
salts increase the activity of emulsin. Cations 
are without effect, the anions being the potent 
factor. With phenyl-jS-glucoside the increase 
in activity may be threefold. The most 
effective salts are ammonium perchlorate and 
potassium thiocyanate. The activation by 
sodium chlorate differs greatly for the various 
)3-gly cosides. 

Emulsin is also able to bring about synthetic 
change (Armstrong, Proc. Roy. Soc. 1905, B, 76, 
692 ; van’t Hoff, Sitzungsber. K. Akad. Wiss. 
Berlin, 1910, 48, 963). Emulsin exhibits hydro¬ 
lytic activity in alcoholic solutions. Although 
unable to hydrolyse salicin in presence of 96% 
alcohol, it becomes active in 90% aloohol, 
hydrolysis continuing slowly until 37% of 
the glucoside has been decomposed. As the 
strength of the alcohol is diminished equilibrium 
is more rapidly attained, and a greater propor¬ 
tion of the salicin undergoes hydrolysis (Bour¬ 
quelot and Bridel, Compt. rend. 1912, 154, 944). 
Similarly, emulsin is inactive when suspended 
m solutions of glucosides in acetone or ethyl ace¬ 
tate, but becomes able to effect hydrolysis when 
10 % of water is added to the acetone or the 
wet ester is used. When emulsin acts on a solu¬ 
tion of glucose in 86 % alcohol, the correspond¬ 
ing / 3 -methyl or ) 3 -ethyl glucosides are formed, 
the same equilibrium point being reached in 
solutions containing originally glucose or alkyl 
glucoside. The more dilute the alcohol the 
greater is the hydrolysis and the less the syn- 
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thesis (Bourquelot and Bridel, Compt. rend. 1912, 
155, 319). The position of the equilibrium is 
independent of the quantity of emulsin added 
and of the temperature, but it varies with the 
strength of the alcohol and with the amount of 
glucose present. The property of emulsin to 
facilitate syntliesis has been utilised by Bour¬ 
quelot to prejiare the glucosidcs and also the 
galactosides of a large number of alcohols. 

E. F. A. 

EMULSIONS AND EMULSIFICA¬ 
TION. An emulsion is a system containing 
two imrniseibki liquid phases, the one being 
dispersed in the form of droplets in the other, 
which thus acts as the continuous phase. The 
dispersed liquid is often referred to as the 
internal phase, the continuous liquid as the 
external phase. It will be seen that for any two 
mutually insoluble liquids, such as an oil (()) 
and water (W), it should be possible to produce 
two types of emulsion according to whether the 
oil becomes the internal or (‘xternal phase. In 
practice this is easily realised, the physical 
properties of an oil in water emulsion being com¬ 
pletely different f rom thosc> of the corresponding 
water in oil emulsion. In the following account, 
the conventional sign 0/W will be used to denote 
oil in water (wator-continuous-phasc) emulsions, 
and W/0 water in oil (water-disperse-phase) 
emulsions. 

It is found that two very distinct groups of 
emulsions can be produced, (a) dilute emulsions 
of oil in water w^hich form spontaneously under 
certain conditions and (6) more concentrated 
emulsions of either the 0/W or W/0 type which 
are only stable in the presence of a third sub¬ 
stance—the emulsifying agent; (b) is by far the 
most important tyi)e from technical considera¬ 
tions. 

Oil Hydrosols. 

Dilute 0/W emulsions may be prepared by 
boiling a little oil with water under a reflux 
condenser and thus forming an extremely 
stable emulsion containing about 001% of 
dispersed oil, very similar to that which forms in 
engine condenser water. Other emulsions of 
the kind are produced by steam distillation or 
by dissolving oil in a miscible organic liquid and 
then adding the solution to water. 

Such systems closely resemble normal hydro- 
phobic colloidal suspensions, with which they 
share the restriction of being stable only in dilute 
dispersion. The size of the particles of a dilute 
oil hydrosol is of the order of 0*l/x, so that the 
Brownian movement is strikingly apparent in 
them. 

The oil globules of simple oil emulsions carry a 
negative charge which can readily be demon¬ 
strated by cataphoresis. This charge is generally 
considered as due to the preferential adsorption 
of OH" ions from the water on the surface of the 
globules, the compensating ions forming the 
diffuse portion of the double layer. (For a 
summary of elektrokinetic and other colloidal 
phenomena reference should be made to the 
article on Colloids, Vol. Ill, p. 278). 

The stability of dilute oil hydrosols is essen¬ 
tially due to the electrical charge on the droplets, 


the resultant repulsion preventing coalescence. 
When the electrical charge is removed, the 
emulsion breaks ; this may be brought about 
by similar means to those which produce coagula¬ 
tion of the analogous hydrophobic sols, and 
especially by the addition of electrolytes, those 
with polyvalent cations being most effective. 
It should be noted that a slow coalescence takes 
place when the electrokinetic; potential is 
reduced to a low value but has not completely 
vanished. 

Emulsifying Agents. 

It has already been stated that all but the 
most dilute emulsions are unstable unless a 
third substance, the emulsifying agent, is added. 
This is readily understood from thermo¬ 
dynamic reasoning, as the interfacaal tension of a 
system of twH^ immiscible liquids will resist 
increase of surface energy and therefore exten¬ 
sion of surface area, reacting so as to maintain 
the smallest possible area of interface. It will, 
therefore, be seen that substances which lower 
the interfacial tension will also favour emulsifica¬ 
tion. It has long been known that certain 
compounds, such as the 8oa])s, will, even when 
added in great dilution, cause a considerable 
diminution in the surface tension of w ater or in 
the interfacdal tension between water and a 
liquid immiscible with it. 8uch substances also 
promote emulsification. 

Capillary-active materials cause considerable 
lowering of intcrfacial tension ; this is invariably 
accompanied by adsorption of the active sub¬ 
stance at the interface, and the fact that a uni- 
molecular layer is effective explains the 
efficiency of small concentrations in causing a 
large decrease in surface tension. The quantita¬ 
tive relationship between lowering of surfac'o 
tension and adsorption at the interface is given 
by Gibbs’s equation ; 

TR dC 

where U is the excess of material at the interface, 
C its concentration in the volume of liquid, 
a the surface tension, R the gas constant and 
T the absolute temperature. 

The concept of the unimolecular layer is very 
important to the understanding of the function 
of emulsifying agents, especially when the 
orientation of the molecules is considered. 
Recent work (c/. N. K. Adam, “ Physics and 
Chemistry of Surfaces,” Oxford, 1938) has 
shown that when an organic molecule, such as a 
long-chain fatty acid, is placed on the surface of 
water, the molecule will arrange itself so that 
the carboxyl or other polar group is dipping into 
the water and the hydrocarbon chain orientated 
away from it. Such compounds thus produce an 
adsorbed film of unimolecular thickness on the 
surface, the hydrocjarbon chains being packed 
side by side, vertically above the polar groups. 
The groups orientated towards the water are 
invariably those which confer solubility on 
organic compounds. When a system is con¬ 
sidered consisting of two immiscible liqiiids 
(one of which is water) with a capiUary-active 
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compound adsorbed at the interface, a similar 
orientation is found to take place, polar (water- 
soluble) groups being oriented towards the 
aqueous phase and hydrocarbon chains (oil- 
soluble groups) towards the organic liquid. By 
this means the free energy of the system is 
reduced to a minimum and extension of interface 
(emulsification) made possible. Emulsifying 
agents are therefore substances which form 
unimolecular adsorbed layers at the interface of 
the liquids to be emulsified and which arc 
capabJe of being orientated at that interface so 
that the polar ends of the agent molecules arc 
towards the more polar liquid, the less polar 
ends being towards the less polar liquid. The 
mode of orientation as w'ell as the shape and 
size of the agent molecule will determine which 
of the two liquids is to become the internal 
phase of the resulting emulsion. In general 
water-soluble colloidal substances tend to form 
emulsions of the 0/W type whilst oil-soluble 
colloids favour the W/O type. 

It has been known for a long time (Ramsden, 
Proc. Roy. Soc. A. 1903, 72, 156) that actual 
solid, elastic membranes may be formed at the 
interface which have in some cases considerable 
strength. Those membranes may often be 
observed at the emulsion interface {e.g. olive 
oil/water stabilised by saponin) and probably 
have considerable influence on emulsion stability. 
Indeed, it is considered that the behaviour on 
standing of protein-stabilised emulsions is to 
be nscribed to changes in the mechanical pro¬ 
perties of the interfacial film (Nutting, Ind. Eng. 
Chem. 1925,17, 1030). 

K furtlier type of stabilised emulsion system 
has recently been disc^overed by Cheesman and 
King (Trans. Faraday Soc. 1940.36, 241). This 
consists of a polar liquid such as amyl alcohol 
or oleic acid dispersed in water and stabilised 
by small concentrations of inorganic salts 
possessing anions of low hydration such as 
CNS ~, !“■ or Br". The existence of these 
systems can be explained' on the basis of the 
diffuse double layer theory. 

Before describing the different types of 
emulsifying agent suggested for industrial use, 
the advantages which would be possessed by a 
perfect agent may bo enumerated : 

(1) The agent should not be specific in use, 
i.e. it should be capable of enuiLsifying practically 
any immiscible liquid wdth water. 

(2) It should have a low^ cost. 

(3) Emulsions made by means of the agent 
should not suffer phase reversal even on in¬ 
creasing the concentration of internal phase well 
above 80%. 

(4) The emulsion should be stable on standing 
for long periods and be unaffected by heat or by 
freezing. 

(5) The emulsion should not break in the 
presence of electrolytes, in particular hard or salt 
waters, or of dilute acids or bases. 

(6) The agent should be capable of pro¬ 
ducing emulsions of small particle size, although 
coarse, stable emulsions are at times advan¬ 
tageous. 

(7) The agent should preferably be edible. 

(8) It should not ferment or grow moulds. 

(9) It should not decompose or deteriorate [ 
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on standing for long periods or react with 
either of the liquid phases of the emulsion. 

Needless to say, there is, at present, no 
emulsifying agent the properties of which even 
approach this ideal specification. 

No attempt can yet bo made to arrange 
emulsifying agents in order of efficiency (see, 
however, the section on stability of emulsions, 
p. 2926). Apart from the difficulty of obtain¬ 
ing a quantitative comparison of the stability 
or value of emulsions of Iho same system 
prepared by means of different agents, the 
specific properties of the agent with regard to the 
internal phase may play a considerable part, as 
also the niethod of emulsification or type of 
machinery employed. It can only be stated that 
each agent has its owm particular use determined 
by the substance to be emulsified, the properties 
desired in the emulsion, etc. 

Emulsions of the 0/W type are by far the most 
important. For the production of W/O emul¬ 
sions the following agents are employed : 
calcium and magnesium soaps, gum dammar 
(U.8.P. 1410012, 1922), lanolin for pharma¬ 
ceutical and cosmetic emulsions, and oxidised 
vegetable oils such as Sohou’s oil (B.P. 178885, 
187298, 187299, 1922) for food emulsions, such 
as margarine. 

The oldest and most readily available agents 
for the preparation of 0/W emulsions are the 
common hydrophilic colloids, such as proteins, 
gums, carbohydrates and, more especially, 
soaps. Alkalis of aU kinds have been proposed 
and used as emulsifying agents, but Donnan 
(Z. physikal. Chem. 1899, 31, 42) showed 
that these were only effective in so far as they 
formed soaps wdth the free acids of the oils and 
fats. The gums acacia and tragacanth either 
together or separately are widely used in 
pharmacy ; gelatine is an cxcollent agent for 
many purposes, but is rather sensitive to changes 
in the conditions of emulsification and also varies 
greatly with the origin and history of the 
particular sample used. Starch, casein and glue 
find considerable employment, as do rosin, 
humates, Irish moss, etc. Innumerable other 
raa+erials, such as blood serum, rafik-whey, 
tannic acid, alginic acid, rubber latex, soya 
bean meal, flax seed mucilage, etc., are men¬ 
tioned in the patent literature, either for use 
alone or in mixtures, and pectin and lecithin are 
much used in etlible emulsions. 

Although Hulphonated castor oil and the 
Turkey Red oil made by neutralising it have 
been used for nearly a century, the use of 
complex organic compounds containing polar 
groups has really developed as a result of the 
conception of the emulsifying agent being 
adsorbed and orientated at the interface. 
Orientation is brought about, as has already been 
stated, by the presence of polar groups in the 
organic molecule, which should preferably 
be of sufficiently high molecular weight to exist 
in the colloidal state. The introduction of polar 
groups into compounds of high molecular 
weight provides a great variety of possible 
em^ifying agents, and since 1930 the patent 
literature has been particularly copious in this 
connection. 

Many of these surface-active compounds have 
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considerable uses apart from emulsification, 
most of them being capable of wetting out 
water-repellent substances such as sulphur, many 
vat dyes, etc. ; they are also used for the dis¬ 
persion of solid mattTials, as detergents, foaming 
agents and, in some cases, even as tanning 
agents. A full treatment of the new agents 
will be found in Chapter IV of “ Emulsions,” 
3rd ed., London, 1935, and, also by Clayton, in 
“ Technical Aspects of Emulsions,” London, 
1935, p. 16. See also Stewart and Bun bury 
(Trans. Faraday Soc. 1935, 31, 208). 

In 1917 it was observed that the introduction 
of the lower alkyl groups into aromatic sulphonic | 
acids led to the production of soap-like com¬ 
pounds of very high surface activity. Examples 
of these compounds are the ethyl, isopropyl 
and butyl homologues of sulphonated naphtha¬ 
lene, naphthene, abietene, octohydroanthracene, 
etc. Since 1930 the main trend has been in 
the production of long-chain alkyl compounds 
resembling the soaps, but with the carboxyl 
group replaced. Examples of this are the 
sulphonated higher aliphatic alcohols (12-18 
carbon atoms) and sulphuric acid esters of 
the type R-O-SOgM, where R is a long alkyl 
chain and M an alkali metal or an amino group. 
The following list of some of the newer types of 
emul 8 if 3 ring agent illustrates the general lines of 
modem development. 

(1) Sulphonated Oils .—Apart from the familiar 
example of the sulphonation of castor oil, many 
patents have been granted for the sulphonation 
of other natural oils and fats, e.g. stearic, 
palmitic and oleic acids, wool fat, beeswax, 
spermaceti, mustard seed oil, squalene or fish 
liver oils. 

(2) Sulphuric Acid Ester Salts of Long-Chain 
Alcohols, etc .—^Most of these compounds possess¬ 
ing more than 12 carbon atoms have good 
wetting out properties and detergent action. 
The latter property is more developed in these 
compounds with the sulphuric acid ester 
group at the end of the molecule than in those with 
it in the middle. As examples of this class may 
be mentioned sulphonated Lorol, prepared 
from the mixture of alcohols derived from the 
hydrogenation of coconut oil. These compounds 
are generally used in the form of their sodium 
salts {see review by Ohl, Allgem. Oel- Fett-Ztg. 
1936, 82, 14; also Reychler on sodium cetyl 
sulphonate, Kolloid-Z. 1913, 12, 277). 

(3) Alkylated Aromatic Sulphonates .—These 
compounds, of which the commercial Neomerpins 
and Nekals are examples, possess considerable 
wetting out action and have been proposed as 
substitutes for Turkey Red oil. Substitution 
of different alkyl groups in the benzene, 
naphthalene or anthracene rings alters the 
surface activity of the compounds considerably. 
Related substances are the sulphonated 
abietenes. 

Uondensation products of aldehydes with 
aromatic sulphonic acids have strong emulsify¬ 
ing and tanning properties but poor wetting 
action. 

(4) Petroleum Sulphonic Acids, etc .—These are 
obtained as by-products in petroleum refining 
and may possess soluble calcium, etc., salts, thus i 
beii^ lin^fifected by hard waters. Emulsifying i 


properties are claimed for the products of sul¬ 
phonation of hydrocarbon oils from brown coal 
tar, sulphonated unsaturated hydrocarbon 
polymers, sulphonated montanic acid or hydro¬ 
carbons obtained by oxidising crude montan 
wax and sulphonated oxidation products of 
paraffin hydrocarbons. 

(5) Esters and Ethers .—New soaplike com¬ 
pounds have been prepared by esterification of 
dihydric alcohols with fatty acids. Examples 
of this class are diglycyl stearate and oleate, 
which are both cheap and possess valuable 
properties. Other useful compounds are pre¬ 
pared by the esterification or etherification of 
polyhydric alcohols (preferably containing 10-18 
carbon atoms in the molecule). A commercial 
example of this type is Emulgafor 157. which is 
employed in cosmetic manufacture. Polymers 
of the alkylene oxides are also useful, as are 
esters of glucosides with mineral acids. 

(6) Comj)lex Nitrogen Derivatives. — Very 
efficient and relatively simple emulsifying agents 
are the aliphatic or mixed aliphatic and hydro- 
aromatic amines containing hydroxylic groups, 
of which triethanolamine, N(CHg'CHg-OHlg, 
is perhaps the best known example. This 
compound combines with the fatty acids to 
form soaps which are valuable and very versatile 
emulsifying agents, especially useful for horti¬ 
cultural oil spray and cutting oil emulsions ; 
the oleate is most commonly used. 

Other important nitrogen-containing emulsi¬ 
fiers include long-chain quaternary ammonium 
compounds of the general formula NRR'gY, 
where R is a long alkyl chain, R' a short chain 
and Y a salt-forming group. These compomids 
are excellent detergents. Among many other 
types of nitrogenous compounds proposed in the 
patent literature might be mentioned acylatc'd 
diamines, salts of partially acylated polyamines, 
esters of aminoalcohols, etc. 

In some recent patents, including B.P. 
378372-3 and U.S.P. 1917256 (quoted by Clay¬ 
ton), stress is laid on obtaining the right balance 
of hydrophih'c and hydrophobic properties in 
the molecule, most of the compounds at present 
used being apparently too hydrophilic. 

Mixed Emulsifying Agents .—^In many cases a 
mixture of two or more emulsifying agents 
appears to be more efficient than either com¬ 
pound singly. This has been realised and prac¬ 
tised empirically for a very long time (e.g. the 
use of mixtures of gums acacia and tragacanth 
for pharmaceutical emulsions) and is true also for 
many of the more comph’cated agents. For 
example, many of the alkylated aromatic sul¬ 
phonates are rather poor emulsifying agents, 
but become excellent when mixed with proteins 
or soaps. 

Solid Emulsifying Agents .—Practically any 
finely divided solid {e.g. plaster of Paris, calcium 
carbonate, iron sulphide, yeast, zinc dust, carbon 
black, bismuth oxychloride, etc.) will promote 
emulsification, although the resultant’emulsions 
are generally rather coarse and unstable. 
Pickering (J.C.S. 1907, 91, 2001 ; J.S.C.I. 1910, 
21^, 128), who prepared relatively stable emul¬ 
sions by means of basic copper stdphate, showed 
that emulsification depends on the particle size 
of the solid agent. 
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It is often possible in the case of emulsions 
stabilised by solid powders to see, under the 
microscope, the actual solid particles adsorbed 
at the oil-water interface, and the general 
theory of the action of emulsifying agents has 
been extended to include solids. Solid materials 
to be adsorbed at the interface must be capable 
of being wetted by both liquid phases, and those 
solids more (‘asily wetted by water than oil give 
emulsions of the 0/W type, while those of a more 
hydrophobi(5 character, such as carbon black, 
form W/0 emulsions. Of solid emulsifiers which 
find commercial use, bentonite and other 
colloidal clays have lK‘cn the most valuable up 


to the present, but emulsions stabilised by them 
are apt to suffer phase inversion when there is a 
high concentration of internal phase. Many 
solids have been proposed in the patent literature 
for the preparation of bitumen emulsions. The 
recently developed inert form of aluminium 
hydroxide has great possibilities, as it is very 
versatile and produces emulsions little affected 
by electrolytes. 

The following table presents a list, by no 
means exhaustive, of recent British patents for 
emulsifying agents ; the arrangement is chrono¬ 
logical. The references in the first column are to 
iiritish Chemical Abstracts. 


Substances claimed in patent; B. references. 

No. 

Special uses named. 

Liquid rosin and alkali. B. 1927, 135. 

263307 

Bitumen emulsions. 

Products of reaction of soap-forming fatty acids, 
their glycerides or sulphonic acids with oxy- 
alkylamines. B. 1930, 407. 

Sulphonated unsaturated fatty acids. B. 1930, 548. 

Sulphonated oxidation products of paraffin hydro¬ 
carbons and waxes. B. 1929, 197. 

295024 

298559 

303281 

Dispersing agents. 

Sulphonated unsaturated aliphatic hydrocarbons or 
their halogen derivatives. B. 1929, 23G. 

Alcohols containing more than 8 (;arbon atoms 
sulphonated in the presence of acid anhydrides. 
B. 1930, 855. 

Sulphonated higher fatty alcohols. B. 1930, 809. 

Salts of triethanolamine, etc., with cycZo-aliphatic or 
hydroaromatic sulphonic acids, etc. B. 1929, 690. 

.303917 

307709 

308824 

309842 

Acid-resisting wetting 

agents. 

Sulphonated fats, fatty acids, resin acids, etc. B. 
1930, 1142. 

313453 

Textile emulsions, etc. 

Lower alkyl esters of fatty sulpho-acids. B. 1931, 
289. 

(day, fuller’s earth, slate dust, ochre or sienna. B. 
1930, 142. 

316132 

Cosmetics, insecticides, etc. 

322835 

Bitumen. 

Kieselguhr and alkali. B. 1930, 864. 

(condensation products of higher fatty acids and ])oly- 
alkylenepolyamines. B. 1931, 195. 

330374 

337368 

Bituminous paints. 

Sulphonated tall oil derivatives. B. 1931, 334. 

340272 

Dispersing agents. 

Bentonite and alkali. B. 1931, 288, 

341443 I 

Bitumen emulsions. 

Portland cementd trialkali phosphate. B. 1931, 471. 
Polymerisation products of diolefines with polyvinyl 
benzenes, etc. B. 1931, 407. 

Sulphonated open chain aliphatic ketones containing 
at least 8 carbon atoms. B, 1931, 579. 

341914 1 
342314 1 

343098 

Bitumen emulsions. 

Sulphonated aryhdes of aliphatic acids containing 
6-16 carbon atoms in the chain. B. 1931, 622. 

343524 

Dispersing and scouring 
agents. 

Sulphuric acid esters of olefins containing at least 9 
carbon atoms. B. 1931, 622. 

343872 

Dispersing and cleansing 
agents. 

Sulphonated carboxyamides. 

Sulphuric acid esters of aliphatic alcohols containing 
at least 8 carbon atoms. B. 1931, 622. 

343899 

343901 

Dispersing agents. 

Mineral oil sulphonic acids. B. 1931, 761. 

347164 

.Fat splitting agents. 

Products of reaction between sulphonated alcohols 
containing at least 6 carbon atoms and organic 
nitrogenous bases. B. 1931, 917. 

350080 

Cleansing and dust binding 
agents. 

Sulphonated lauryl or myristyl alcohol. B. 1931, 
917. 

360432 

Wetting agent. 

Sulphonated lauryl alcohol. B. 1931, 1(K)3. 

Sulphonated alcohols prepared by sulphonation of 
the mixed higher alcohols prepared from coconut or 
palm-kernel oil. B. 1931,1003. 

Siuphonated aliphatic unsaturated or hydroxy 
primary amines containing more than 8 carbon 
atoms. B. 1931, 1086. 

351403 

351462 

Fabric treatment, etc. 

363232 

Fat splitting agents. 
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Substances claimed in patent; li. references. 

6 

Special uses named. 

Sulphonic acids of aliphatic carboxylic acids. B. 
1931, 1133. 

j 353476 


Polymerisation products of alkylone oxides. B. 1931, 
1132. 

353926 

Dispersing agent, etc. 

Combination of piperidine, hydrogenated quinoline 

356694 

Boring and textile lubri- 

bases, etc., with aromatic sulphonic acids such as 
Turkey Bed oil. 


cants. 

Hydroxyalkylamines. B. 1932, 138. 

358114 


Quaternary ammonium salts derived from an un- 
symmetrical acylated diamine, plus a soap, gelatine, 
sulphonic acid, sulphite cellulose lye, etc. B. 1932, 
138. 

Sulphonated polyhydric alcohols containing more 
than 10 carbon atoms. B. 1932, 173. 

358202 

Textile lubricants, etc. 

358535 

Dispersing agent. 

Products of condensation of halogcnated aliphatic 
hydrocarbons containing at least 10 carbon atoms, 
with primary or secondary amines or fatty acid 
amides. B. 1932, 173. 

359001 

Wetting agents. 

Sulphonation of condensation products of olefins 
with earbazole or homologues. B. 1932, 221. 

360297 

Wetting agents. 

Oxidation products of sulphurised higher ali¬ 
phatic hydrocarbons or their derivatives. B. 
1932, 93. 

361357 

Protective colloid. 

Condensation products of polyvinyl alcohol with 

361910 

Dispersing agents, textile 

formaldehyde and urea, or with aldol and resor¬ 
cinol. B. 1932, 95. 


sizes. 

Brown coal. B. 1932, 191. 

362467 

Tar emulsions. 

Products of simultaneous sulphonation and condensa¬ 
tion of unsaturated hydroxy fatty acids containing 
more than 8 carbon atoms, or their derivatives, 
with sulphonated aromatic carboxylic acids. B. 
1932, 416. 

363770 

Dispersing agent. 

Sulphonation products of esters derived from higher 
aliphatic carboxylic acids. B. 1932, 495. 

364107 

Textile assistants. 

Sulphonic acids of polyalkylated aromatic hydro¬ 
carbons. B. 1932, 495. 

364537 


Condensation products of higher fatty acids or their 
derivatives with hydroxyethane sulphonic acid, 
etc. B. 1932, 540. 

366916 

Textile treatment, etc. 

Sulphonic acids of polymerised styrene. B. 1932, 
591. 

Tall oil derivatives prepared by esterifying tall oil or 
“ liquid rosin ” with polyhydric alcohols in the 
presence of a catalyst, the esters then being sulphon¬ 
ated. B. 1932, 764. 

367416 


369985 

1 

Esters of aromatic sulpho-dicarboxyhc acids or 

3708451 

Wetting agents. 

their salts (prepared, e.g., by reacting p-sulpho- 
phenolic acid anhydride with p-cresol). B, 1932, 
763. 

Quaternary ammonium salts prepared, e.g., by heating 
a higher fatty acid ester with diamine containing a 
tertiary amino group and a primary or secondary 
amino group. B. 1932, 806. 

371144J 

371023 

Textile assistants. 

Sulphonic acids of crude montanic acid or correspond¬ 
ing hydrocarbon derivatives. B, 1932, 792. 

371822 

Wetting agents. 

Products of condensation of fatty acids with at 
least 6 carbon atoms, or their derivatives, with 
hydroxy-derivatives of sulphonic acids. B. 1932, 
793. 

Sulphonated aliphatic aldehydes and ketones of high 
molecular weight. B. 1932, 793. 

372005 

Dispersing agent. 

375770 


Sulphonated secondary amines containing at least 

377695 

Wetting and dispersing 

4 carbon atoms and one hydroxy-group or double 
bond. B. 1932, 1020. 


agent. 

Sulphonated shark liver oil. B. 1932, 1020. 

378076 


Mustard seed oil sulphonated in the presence of a 
hydrocarbon. B. 1932,1040. 

380386 

i 
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1 

Substances claimed In patent; B. referenecH. j 

No. 

Special uses named. 

Sulphonated urethanes. B. 1933, 101. 

381204 

Cleansing composition. 

Products of reaction of neutral metal sulphite.s with 

382718 

Dispersing and cleansing 

carboxylic amides. B. 1933, 139. 


agent. 

Gliicoside sulphuric esters. B. 1933, 246. 

384230 


Sulphonated natural or synthetic rubber. B. 1933, 
261. 

Sulphonated unsaturated alcohols, o(*todecenols. B. 
1933, 379. 

386752 

Textile emulsions. 

388485 

Cleansing compositions. 

Alkyl-ether-a-thiosulphonic acids and their salts. B. 

39041() 

Dispersing and pej)tiHing 

1933, 017. 


agents. 

Sulphonated hydroxy fatty acids containing at least 
16 carbon atoms in the molecule. B. 1933, 595. 

392568 


Quaternary ammonium salts containing an alkyl or 
alkylene radical of at least 10 carbon atoms and 
no hydroxy groups. B. 1933, 777. 

393276 

Wetting agents. 

Organic persulxjhonates. B. 1933, 857. 

394989 

Cleansing agents. 

Monocarboxylic acid eater of a iJolyglyccrine. B. 
1933, 744. 

395155 

Paper size. 

Esterilication of unsaturated aliphatic alcohols con¬ 
taining 8-20 carbon atoms with sulphuric acid, 
followed by halogenation. B. 1934, 53. 

40098(> 

Wetting agents. 

Sulphonated cyclic amidines. 

403977 


Mineral acid esters of glucosides. B. 1934, 313. i 

404684 


Abietic aeid+caustic alkali. i 

4062(}0 

Asphalt emulsions. 

Alkali metal sulphonates of carboxylic acid amides, 
mono- or disubstitutcd at the N with a radical 
containing at least 8 carbon atoms. B. 1934, 
462. 

406862 

Wax emulsions. 

Treatment of higher alcohols with boric acid followed 
by sulphonation. B. 1934, 617. 

409598 

Detergents. 

High molecular weight alijihatic sulpliides. B. 1934, j 
751. 

Alixihatio sulphonamides. B. 1934, 830. 

412305 


413457 

Ointments. 

Products of reaction of waxes with nitrogenous 
bases. B. 1934, 971. 

415789 

Textile treatment. 

Sulphonated quaternary ammonium salts. B. 1935, 
92. 

Higher alkyl- or aryl-guanidines. B. 1935, 263. 

419942 

Textile treatment. 

421862 


(Condensation jiroducts of unsatiirated terpene 
alcohols with aromatic hydrocarbons or their 
halogen derivatives. B. 1935, 263. 

422242 


Hexamethylenetetramine alkylates or arylates. B. 
1935, 627. 

•124717 

Wetting and cleansing. 

Products of condensation of albumen degradation 
products or synthetic polypeptides with chloro- 
carbonio esters of aliphatic or cycioaliphatic mono- 
or polyhydric alcohols containing at least 5 carbon 
atoms. B. 1935, 486. 

425370 

Textile treatment. 

High molecular weight acetals. B. 1935, 442. 

425396 

Fat and wax emulsions. 

Products of protein decomposition beyond the pro- 

425689 

Emulsification of fatty 

talbinic acid and amino acid stages. B. 1935, 
542. 


acids. 

Sulphonated boric esters of alcohols having at least 

8 carbon atoms. B. 1935, 585. 

427641 

Fibre lubrication. 

Monoacyl derivatives of cyanamide. B. 1935, 627. 

428091 

Wetting agent. 

Sulphonated waxes in the presence of less than i 
one molecular proportion of polyhydric alcohol. B. 
1936, 664. 

428520 


True sulphonic acids prepared from higher tertiary 

429036 

Textile emulsions, deter¬ 

alcohols. B. 1935, 715. i 


gents. 

Salts of hydrogenated amines prepared by reaction | 

431130 

Insecticides, polishes, cos¬ 

between a hydroxylated amine and a sulphonated 
carboxylic acid containing at least 8 carbon 
atoms. 


metics, etc. 

1 

Quaternary ammonium salts prepared from saturated 
heterocyclic bases. B. 1936, 894. 

433356 


Humic acids, B. 1936, 1083. 

VoL. IV,—19 

433650 

Bitumen emulsions. 
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Substances claimed In patent; B. references. 

No. 

Special uses named. 

Treatment of sod oil or like oil with ethylene oxide. B. 
1935, 985. 

434424 

Lubricating oil emulsions. 

Condensation of fatty acids t'ontaining not less than 
8 carbon atoms with polypeptitles. B. 1935, 
1131. 

435481 

Dispersing agents. 

Alkaline clay paste f sodium silicate. B. 1935, 1044. 

436494 

Bitumen emulsions. 

Product of reaction of lower alkyl esters of inorgani<! 
acids with a inercaptobenzathizole. B. 1936, 92. 

4.37285 

Textile treatment. 

Insoluble salts of the sulphuric acid ester of a normal 

440575 

W/O ('iniilsions for paints, 

primary alcohol containing at Ica.st 8 carbon atoina. 
B. 1936, 201. 


etc. 

Soluble salts of the above esters. B. 1936, 261. 

440576 

O/VV' emulsions. 

Compounds such as S-octyloxyacetylaminohenzene- 
sulphonylmethylaminocthanesulphonic aedd or 
corresponding 3-o(!tyl thio-eompound. B. 1936, 
451. 

Products of reaction of two colloidal electrolytes; 1 

442135 

Wetting and dispersing. 

^42466 


contains a colloidal anion and II has acolloidal 
cation and is a quaternary heterocyclic ammonium 
salt having a high molecular aliphatic substituent, 
the combination producing a watcr-inseJublc 
electro-neutral compound, which is emulsified by 
the addition of I or il. B. 1936, 442, 



Product of reaction of an alkylene oxide with 
ammonia or an organic compound containing a 
hydroxy-, amino-, etc., group and subsequent heat¬ 
ing with urea, thiourea, etc. B. 1936, 487. 

4434:{(; 

Wax emulsions. 

Mixture of alcohol-amine soap-Han oil-soluble sul- 

446314 


phonic compound, both derived from petroleum. B. 
1936, 629. 



Hydrogenated hydroxy or amino compounds with 
at least 12 carbon atoms and 2 carbon rings and 
containing a water solubilising group. B. 1936, 
976. 

446498 

Wetting agents. 

Aminoacids of high molecular weight. B. 1936, 824. 

446912 

Textile assistants. 

Sulphonated animal or vegetable phosphatides or 
their condensation products. B. 1936, 871. 

449132 

Wetting agej)ts and deter¬ 

Products of esterification of at least one OH group 

452508 

of a polybasic phosphorous or bori<! acid with a 
higher fatty alcohol, a partially esterified polyhydric* 
lower alcohol or a partial ether of a highei- aliphatic 
alcohol with a polyhydric lower alcohol. B. 1936, 
1141. 


gents. 

Produds of simultaneous condensation and sulphona- 
tion of polynuclear hydrocarbon or substitution 
product, a long-chain fatty acid and a higher 
alcohol. B. 1936, 1197. 

4.54183 

Textile assistants. 

A suspension of electrically charged particles of 
polysilicic acids or their salts. B. 1936, 1189. 

454487 

Bitumen emulsions. 

Polyether-carboxylic acids of high molecular weight. 
B. 1937, 118. 

456517 


Salts of deacetylated chitin. B. 1936, 335. 

458815 

Emulsions for paper. 


Physical Characteristics of Emulsions. 

Concentration of Disperse Phase .—In 1910 
Wa. Ostwald (Kolloid-Z. 1910, 6, 103; 1910, 7, 
64) showed that on stereometric grounds there 
should be an upper limit to the volume of one 
liquid which it is possible to disperse in another. 
Assuming that a number of small spheres 
of the same diameter are packed as closely as 
possible, the volume occupied by them will be 
74-02% of the total space available, this pro¬ 
portion being independent of the size of the 
spheres. On increasing the volume of oil 


emulsified in a given volume of water, a limit 
should thus be reached above which further oil 
addition must be accompanied by inversion of 
the phases. Pickering (J.C.S. 1907, 91, 2001), 
however, was able to prepare highly concentrated 
emulsions of oil in dilute soap solution, as 
much as 99% of oil being emulsified in 1% of 
aqueous phase. Many other concentrated 
emulsions are known. Bancroft (J. Physical 
Chem. 1912, 16, 179), discussing the work of 
Ostwald and Pickering, pointed out that the 
globules of oil are manifestly not all of the same 
size, so that by the packing of smaller globules 
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into the interstices between the bigger ones, the 
theoretical closest packing can be exceeded ; 
also owing to the presence of the adsorbed film 
of emulsifying agent, the globules do not coalesce 
on touching and may be deformed considerably 
until a vanishingly small space separates them. 
The reality of this picture can readily be verified 
on examining a concentrated oil emulsion under 
the microscope. 

Although it is possible and even easy to pre¬ 
pare emulsions containing a high pcrc(^ntago of 
internal phase, nevertheless, the effect of ])hase 
volume is important in emulsification practice, 
many emulsions tending to suffer partial break¬ 
down when the disperse phase is increased much 
above 72% (Parke, Quart. .1. Pharm. 1935, 8, 
484). The stability or instability of roncen- 
tratefl emulsions is often a sjjernfic property 
depending on the nature of the two phases, the 
emulsifying agent and evem on the mechanical 
means used for emulsification, 

CrPMnvhig of Emulmons .—Tlie small dispersed 
globules of an emulsion obey Sioke’s law : 

-i) ri 

where V is the velocity of sedimentation of 
disperse phase, r the radius of the glotnilcs. d the 
density of disperse phase, d' the density of con¬ 
tinuous phase and rj its viscosity ; g is the 
gravity constant. As d—d' is negative for 
ordinary 0/W emulsions, V represents an 
ascension of the oil globules as is commonly 
observed in the formation of cream on milk. 
This ])henomenon is thus termed, in general, 
creaming and is usually made visible by the 
separation of a clear layer of aqueous li<jtiid 
under the dense white cream of an 0/W emulsion 
which has been standing for some time. For 
many purposes non-creaming emidsions are 
desirable. This is generally accom[)lished by 
fine dispersion of the globules until they begin 
to approach colloidal dimensions (0-1 p), by 
increasing the viscosity of the dispersion 
medium or by increasing the density of the oil 
by admixture with halogenated hydrocarbons or 
other means until it approaches unity. Concen¬ 
trated oil emulsions are, of course, not capable 
of creaming owing to high viscosity. 

Creaming of an emulsion must not be confused 
with instability ; a creamed emulsion can 
immediately be redispersed by gentle shaking; 
a broken emulsion which has separated free oil 
is generally difficult to re-emulsify. 

It often happens that an apparently fine 
emulsion creams rapidly, especially after homo¬ 
genisation. This is due to large numbers of 
particles adhering together without coalescence 
or loss of identity. The resultant clusters of 
globules cream rapidly. This phenomenon is 
generally termed “ clumping ” and is shown by 
the fat particles of milk. 

Size-Frequency Analysis .—Determination of 
the statistical distribution of the dispersed 
particles is of general theoretical interest and of 
considerable practical importance in the study 
of emulsions, especially in connection with 
viscosity, creaming and the comparison 
of different types of emulsifying machines. 

The easiest, although somewhat tedious. 


[ method of carrying out sizo-frequency analysis 
is by measurement of a large number of particles 
by means of a calibrated microscope, either 
directly, by examination of microphotographs, or 
by microprojection, the emulsions preferably 
being “ fixed ” and Brownian movement avoided 
by the addition of a volume of concentrated 
gelatine solution (Sibree, Trans. Faraday Soc. 
1931, 27, Ifil ; Dorey, “Technical Aspects of 
Emulsions,” p. 52 ; Berkrnan, J. Physical Chera. 
1935, 39, 527 ; King and Mukherjoe, J.S.C.l. 
1939,58,243). 

Sedimentation methods can also bo applied to 
size-frequency analysis. Svedberg and Estrup 
(Kolloid-Z. 1911, 9, 259) have employed direct 
measurement of the rate of fall of a sufficient 
number of globules under gravity in the field of 
the ultra microscope. Kracmer and 8tamm 
(,J. Amer. (^uun. Soc. 1924, 46, 2709) determined 
the distribution of globule 8iz(‘s in emulsions by 
examinirjg the rate of creaming as indicated by 
the change in apparent density in the upper 
part of th(‘ emulsion. Stamm and Svedberg 
(,l. Arner. Chein. Soc. 1925, 47, 1582) measure-d 
the change*, in concentration of the? emulsion 
(luring cre'aming by a photometric m(3thod. 

Determination of Emulsion Type .—It is of 
primary importam^e in emulsion investigation 
to determine whether the sample under investiga¬ 
tion is of the 0/W or W/0 type, especially 
where the problem of phase inversion arises. 
The three following methods are the most 
important. 

(1) The Dilution Method. The principle of 
this method is that any emulsion can be diluted 
by addition of a further volume of the liquid which 
forms the continuous phase, but not with the 
li(piid which forms the disperse phase. The 
method was first recognised by Pickering {l.c.) 
and worked out by Briggs (c/, Newman, J. 
Physical (ffiern. 1914, 18, ID), who applied it by 
adding a drop of the emulsion to be tested to a 
little water and then stirring. If water is the 
(‘xternal phase of the emulsion, the particles 
disperse in the water, but if it is of the W/0 
type, the emulsion remains unchanged on the 
surface. Woodman (Chemical Nows, 1932, 144, 
225) recommends that the drop dilution test 
should be carried out by dilution both in water 
and in the non-aqueous phase. 

(2) Indicator Method. This method consists 
in placing on the surface of the emulsion to be 
tested a small amount of an oil-soluble, water- 
insoluble dye, either as a solid dust or in 
solution. If oil forms the continuous phase of 
the emulsion, the dye gradually diffuses through¬ 
out the system and colours it; if the continuous 
phase is aqueous, the colour cannot spread from 
the surface. Kobertson (KoUoid-Z. 1910, 7, 7) 
used the dye Sudan III for this purpose, and 
many other colours have been employed. Of 
course, the test works equally well with a water- 
soluble, oil-insoluble substance, such as potas¬ 
sium permanganate or the dye Nile Blue. The 
main objection to this method is that the addi¬ 
tion of complex organic materials or fine 
powders to the system may influence interfacial 
equilibrium. 

(3) Conductivity Method. Clayton (Brit. 
Assoc. Colloid Rep. 1018, 2, 114) proposed to 
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differentiate between 0/W and W/0 emulsions Another important aspect of stability is the 
by the fact that the former conducts electricity, effect of temperature on emulsions ; in some 


especially if it contains small quantities of 
electrolytes. W/0 emulsions are, of course, 
non-conductors. This method has been em¬ 
ployed with success by different investigators. 

Woodman has pointed out that, although the 
above methods are convenient for quick deter¬ 
mination of emulsion type, other methods may 
be surer where the emulsion is stable for some 
time. He gives, among others, the following 
tests (l)orey, op, cit., p. 80): 

(4) Direction of Creaming. For normal emul¬ 
sions of oils less dense than the aqueous phase, 
creaming will be upward for 0/W and downward 
for W/0 emulsions. 

(5) The volume of cream or of clear liquid 
formed on allowing a stable emulsion to stand 
givt'S an indication of type if the phase ratio is 
considerably different from unity. 

(0) The viscosity of the emulsion or its cream 
as judged by the eye or by the feel on shaking 
{v. infra). 

(7) The change in viscosity on adding an 
excess of one of the liquid phases gives an in¬ 
dication of type if complete emulsification results. 

( 8 ) Drop tests in both oil and water wuth the 
clear underlayer or supernatant layer define the 
continuous phase of the emulsion. 

(9) The appearance of the emulsion and the 
state (oily or otherwise) of the vessel in which 
the emulsion has been contained indicates the 
continuous phase. 

Stability of Emulsions .—The greatest difficulty 
which faces all workers on emulsions is that of 
finding some quantitative criterion for com¬ 
paring the stabilities of different emulsions or of 
the same emulsion over long periods of time. 
It must be stressed once more that mere cream¬ 
ing of an emulsion is not necessarily a sign of 
instability, but merely of largo particle size, and, 
in the experience of the author, it is possible to 
prepare 0/W emulsions the particles of which are 
so large as to be just visible to the naked eye, 
yet which separate no oil over a period of years. 
In contrast to this, many really fine emulsions 
break down in a relatively short time. Globule 
size cannot therefore be taken as a sure guide 
to stability in emulsions, and instability is usually 
visibly manifest only by the separation of free 
disperse phase. 

From a thermod 3 mamio point of view in¬ 
stability means a decrease in interfacial area and 
hence increase in globule size. Comparisons of 
emulsion stability can only be made with 
certainty, therefore, by the tedious methods of 
size-frequency analysis. JBy this means Berk- 
man (J. Physical Chem. 1936, 39, 627) has in¬ 
vestigated the changes which take place on the 
ageing of emulsions stabilised with sodium oleate. 

Although the majority of modern emulsifying 
agents undergo little deterioration on the ageing 
of the emulsions, protein agents may become de¬ 
natured and produce a gel-Uke structure through¬ 
out the system, which may be followed by 
syneresis. Also, in many specific cases, slow 
reaction may take place between the emulsifying 
agent and one of the phases of the emulsion. 
This has to be carefully guarded against in the 
preparation of horticultural spray emulsions. 


cases it is possible to boil emulsions without 
deterioration, in other cases fundamental 
changes are set up. Freezing, too, is of primary 
interest, especially in the case of bitumen 
emulsions which may be exposed to frost by 
the roadside for long periods. Some emulsions 
(such as those stabilised with soaps) are easily 
broken by freezing, others are formed again 
on thawing. This effect is generally attributed 
to the effect of freezing on the agent employed. 
The important influenc^e of electrolytes on 
emulsion stability will be discussed later under 
the heading of Phase Inversion. 

King and Miikhcrjee (/.c.) have recently pro¬ 
posed quantitative tests for the stability of 
emulsions on the basis of size-frequency analysis. 
The effect of electrolytes, heat fn^ezing, etc., 
can also l>e determined by this method. 

The Viscosity of Emulsions .—The visf’iosity 
of a liquid syvstem is its resistance to flow or 
shear (internal friction). With colloidal systems, 
including emulsions, the internal structure is 
associated with a plasticity, so that, unlike the 
simple li(piids, energy is required to cause the 
system to yield before plastics flow can begin. 
Colloidal solutions with marked internal struc¬ 
ture such as the hydrophilic colloids have thus 
much higher viscosities than the pure dispersion 
medium. It will readily be seen that absolute 
measurement of the viscosities of emulsions is a 
matter of some difficulty, values varying to a 
considerable c^xtont with the method employed. 

Dilute simple emulsions have, as might be 
expected, a vis<508ity little different from that of 
water, but as the eon(‘entration of the internal 
phase is increased, viscosity becomes rapidly 
greater until, with the most concentrated 
emulsions, a butter-like consistency is produced. 
With all but the dilute hydrosols, there is a new 
factor which has a definite but largely unknown 
effect on the viscosity of the system, namely the 
layer of emulsifying agent adsorbed at the inter- 

Hatschek (Kolloid-Z. 1911, 8 , 36) has deduced 
a formula for the viscosity of emulsions on 
the assumption that the internal phase occupies 
at least 50% of the total volume, viz.: 

where rj' is the viscosity coefficient of the 
emulsion, rj that of the continuous phase and 
A the ratio total emulsion volume/disperse 
phase volume. For 0/W emulsions, where 17 = !, 
the equation simplifies to 



This relationship is fairly satisfactory in 
restricted cases. The general form of the 
viscosity-concentration curve is shown in Fig. 1, 
curve I representing the 0/W and curve II the 
W/0 type. A sudden drop in viscosity of on 
0/W emulsion at high oil concentration indicates^ 
of course, phase inversion j the drop is due to the 
phase ratio effect. 
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Apart from the factors already mentioned, the 
effect of homogenisation, with consequent 
increase of degree of dispersion, is important. 
General technical experience indicates that fine 
emulsions are more viscous than coarse emulsions 
containing the same concentration of disperse 
phase. Accurate work bv Sibree (Trans. Fara¬ 
day Soc. 1930, 26, 26 ; i93J, 27, 161) confirms 
this observation, but ascribes the increase, in 
part at least, to air entrainment, having shown 
that fine emulsions prepared by the “ Viscoliser ” 
method, in which air is excluded, had similar 
viscosities to the corresponding coarse emulsions. 

8till less is known about the specific action 
of different emulsifying agents on the viscosity. 
Whitmore and Linehan (Ind. Eng. Chem. 1929, 
21, 878) have shown that agar or tragacanth 
produce more viscous emulsions of essential oils 
than do gelatine or gum arabic, and unpublished 
work of the present author indicates that differ¬ 
ent agents may produce emulsions of relatively 
very diff erent viscosities for a given phase-volume 
iatio, the position of point A (Fig. 1), whc're 
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viscosity begins to increase rapidly with 
concentration, being especially affected. 

In many instances variation of the viscosity 
of emulsions on standing is found, even when 
special precautions have been taken to prevent 
creaming. This effect is often noticed in prac¬ 
tice, the viscosity usually increasing with 
time but returning to its former value on agi¬ 
tation. This is clearly related to the nature of 
the emulsifying agent employed and is a 
packing effect akin to Freundlich’s phenomenon 
of thixotropy {v. Colloids, Vol. Ill, p. 292a), 
which becomes noticeable in most colloidal 
systems containing a high volume percentage of 
internal phase. Emulsions containing more 
than about 76% of internal phase usually 
display thixotropy clearly. 

Optical Properties of Emulsions .—Emulsions 
are generally white or pale yellow in colour, 
the intensity increasing with the amount 
of oil in the disperse phase and with the degree 
of dispersion of the globules. Comparison of 
the turbidities of emulsions by the nephelo- 
meter under standard conditions may be used to 
determine concentration. This method has been 
used for the determination of fat in milk and by 


Woodman, Gookin and Heath (Ind. Eng. Chem. 
1916, 8, 128) for the estimation of essential oils. 

When two Liquids have the same refractive 
index and optical dispersive power, they emulsify 
to form a transparent emulsion. Fleming 
(J. Agric. Res. 1926, 33, 17) describes the pre¬ 
paration of a transparent carbon disulphide 
emulsion, and transparent emulsions of essential 
oils have been described by Whitmore and 
Linehan {l.c.), who retluced the refractive index 
of the oils by the addition of esters of coconut 
j oil ; the aqueous phase contained 80% sugars, 
gelatine or gum arabic being used as the emulsify¬ 
ing agent. 

If emulsions are prepared from two liquids of 
the same refractive index but possessing 
different optical dispersions, the system becomes 
comparable to a collection of minute lenses or 
prisms and consequently prismatic colour 
effects are developed. These are the so-called 
chromatic emulsions, first prepared by Bodroux 
(Compt. rend. 1913, 156, 772) and by Holmes 
and Cameron (J. Amer. Chem. Soc. 1922, 44, 71). 
The continuous phase of the emulsion must 
contain two miscible liquids, one of them with 
high refractive index and optical dispersion. 
Gradual addition of this mixture to a previously 
prepared milky emulsion makes it possible to 
alter the refractivity and optical dispersion of the 
system with the production of the chromatic 
range of colours. A comprehensive study of 
this phenomenon has been made by Sogani 
(Phil. Mag. 1926, [viij, 1, 321). 


Phase I^j version of Emulsions. 

Although it is generally accepted that a 
given emulsifying agent is capable of promoting 
but one emulsion type with any two given 
licjuids, many exceptions—apparent at least— 
are known in practice where both types of 
emulsion can be obtained with certain pairs of 
liquids and a given agent, even in the absence of 
electrolytes (Tartar, lluncan, 8hea and Ferrier, 
J. Physical Chem. 1929, 33, 435). This is 
generally accomplished, as has already been 
mentioned, by altering the phase-volume ratio, 
but phase inversion can sometimes be brought 
about on re-shaking an aged emulsion, or both 
types can sometimes be })i*epared by the use of 
different mechanical methods. Many of the 
apparent anomalies are to be attributed to 
specific reaction between the emulsifying agent 
and one of the licpiid phases, resulting in the 
formation in situ of emulsifying agents which 
favour the opposite tyjie. The antagonistic 
actions of different agents are as yet hardly 
understood. Other changes in the emulsifying 
properties of the agent are ascribed to changes 
in its colloidal properties (state of aggregation, 
etc.) and to different degrees of solubility of the 
agent in the two liquid phases. Cheesman and 
King (Trans. Faraday Soc. 1938, 34, 604) have 
shown that the mcthotl of shaking may con¬ 
dition the emulsion type. These authors were 
able to prepare amyl alcohol/water emulsions 
of both types with a large number of emulsifying 
agents. 

The effect of electrolytes on emulsions is of 
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great ‘importance, especially as the divalent 
cations normally found in hard waters tend to 
invert 0/W emulsions made with soaps and 
many other agents, or to “ coagulate ” them. 

The sodium soaps, such as sodium olcate, 
normally give 0/VV emulsions, the magnesium, 
calcium, barium and aluminium soaps W/0 
emulsions, those prej)are(j with the magnesium 
salt being the most stable. 

Both adsorption and chemical theories have 
been put forward to explain the effects of 
electrolytes on emulsions. C’lowes (Proc. Soc. 
Exp. Biol. Med. 1913, 11, 1) noticed that 0/W 
emulsions stabilised with sodium oleato wer(‘ 
inverted by the addition of calcium chloride, 
but were re-formed if an excess of sodium 
hydroxide were then added. He showed also 
(Kolloid-Z. 1914, 15, 123) that the tendencies 
to form 0/W and W/O emulsions were e(pial 
when equivalent amounts of Ca'and OH^were 
present. Clowes suggested thni the eff ect of the 
different ions was due to the preterential adsorp¬ 
tion of cation (ji* anion in each spcautic case, 
and in a later paper (.1. Physical Chem. 1910, 20, 
407) insisted that there is no antagonistic action 
between Na^ and Ca ^ ^ ions, but rather between 
the anions and cations of (‘ach salt, Ca* ' being 
more strongly adsorbed than Cl“, and CU than 
Na^. Phnulsion type was thus ascribed to 
the relative numbers of ]jositive and negative 
ions adsorbed at the interface, excess of negative 
ions lavouring 0/W and excess of positives ions 
W/O emulsions. 

Parsons and Wilson (Ind. Eng. Chem. 1921, 
13, 1119) studied the inversion by magnesium 
salts of mineral oil emulsions stabilised by sodium 
oleate, and ascribed the effect to double decom¬ 
position at the interface, leading to the formation 
of magnesium oleate. 

Bhatnagar (J.C.S. 1920, 117, 549; 1921, 119, 
61,1760) investigated the effect of electrolytes on 
emulsions stabilised both by soaps and by a 
selection of purified solid agents, and summarises 
his work by stating that W/O can be converteil 
into 0/W type by electrolytes having active 
ions, such as OH- or PO4"—or 0/W to W/O 
type by electrolvtes having active cations of the 
type H\ Ar^‘^ and These 

rules hold only in restricted cases. King and 

Wrzeszinski (Trans. Faraday 80c. 1939, 35, 741) 
have pointed out that the natural colloids, 

many solids and those modern agents which do 
not form insoluble heavy metal salts form 
emulsions unaffected by electrolyte addition. 
The chemical theory thus appears to be 

correct. 

Important work on the inversion of soap- 
stabilised emulsions has been carried out by 
Tartar and his co-workers (/.c.), who showed the 
possibility of inversion by the use of electrolytes 
possessing the same cation as the soaps, but only 
when the less soluble soaps such as sodium 
oleate or stearate were used. It was also 
demonstrated that when many organic liquids 
came into contact with concentrated sodium 
soap solutions, a transfer of soap took place 
across the interface into the organic liquid. 
This effect is stressed as a type-determining 
factor, increase in the concentration of soap 
in one of the phases tending to make that 


phase the dispersion medium. A similar state 
of affairs was found to hold good for the soaps 
of the divalent metals. 

it sometimes happens that small globules of 
the (iontinuous phase liquid are found within 
the disperse phase droplets, thus constituting a 
multiple emulsion. This phenomenon can often 
be seen clearly under the microscope immediately 
after phase inversion from W/O to 0/W type, 
and sometimes occurs also when antagonistic 
agents are employed or developed as a result of 
chemical reaction in the system. 


Emulsification. 

Owing to the great industrial importance of 
emulsions, their preparation on a large scale 
has been th<^ subject of much study and many 
mechanical devices have been used for the 
pur])ose. 

As 8tamm and Kraemer (J. Physical Chem. 
1926, 30, 992) have ]>oint(‘(l out, the degree of 
dispersion finally obtained by any emulsifying 
method is the balance of two t)pposing ten¬ 
dencies, namely that of globuh* disruption due to 
the slu'aring lbrc<‘s of liquid flow, impact, etc., 
which t('nd to ]uill the globules into an unstable 
cylindi'ical form (which breaks uj) as soon as the 
lengtli ex<*eeds three times the diameter), and 
that of the globules to coalesce on touching. 
Both these tendencies are influenced, but to a 
different degree, by the volume-ratio, viscosity 
and ilcnsity of the phases, the emulsifying agent 
employed and the mechanical means of emulsi¬ 
fication. 

The simplest method of emulsification is 
certainly by shaking or agitating the two 
immiscible liquids in the presence of the 
emulsifying agent, but even this is capable of 
giving wide differences in results and even of 
emulsion type, as is shown by the system amyl 
alcohol/water (L»jee p. 293d). If the liquids are 
agitated normally by vigorous shaking in the 
right hand, an unstable 0/W emulsion results, 
but if the system is shaken by the weaker agency 
of the left hand a much more stable W/O emul¬ 
sion may result. Especially interesting is the 
work of Briggs, who discovered that the mode of 
shaking a mixture of benzene and sodium oleate 
solution was an important factor in emulsifica¬ 
tion, intermittent shaking being vastly more 
effective than the usual continuous shaking 
(J. Physical Chem. 1920, 24, 120). This has 
been confirmed for other systems by different 
workers. Briggs found that continuous shaking 
over a period of 1 hour was required to emulsify 
90% of benzene in 10% sodium oleate solution, 
while 12 shakes at 1-minute intervals were 
equally effective. 

Of the other methods suitable for laboratory- 
scale emulsification, special mention must be 
made of Hatschek’s emulsifier, in which oil 
is slowly dropped into a vessel containing the 
emulsifying agent dissolved in the aqueous 
phase, air being continuously drawn through the 
system, and feumner’s condensation method 
(J. Physical Chem. 1933, 87, 279), in which a 
stream of oil vapour is injected into the 
aqueous phase. Owing to the lack of mechanical 
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agitation and absence of an active air/liquid 
interface, this latter method is particularly 
suitable for the study of the physics of emulsi¬ 
fication. 

Interesting work recently carried out on 
emulsification by ultrasonic waves is summarised 
by Froundlich (“ Technical Aspects of Emul¬ 
sions,” p. 1) and appears to throw considerable 
light on the mechanism of emulsification in 
general. Ultrasonic vibrations of 100,000- 
500,000 cycles per second are produc'cd by piezo¬ 
electric vibration in an oil bath. When a test 
tube containing benzene and water is placed in 
the oil bath, emulsification gradually takes place 
from the walls until the interface between the 
two liquids finally disappears. Ultrasonic waves 
arc thus a source of strong mechanical energy 
which can be intimately comminjicat(‘d to th(^ 
liquid system via the vibrating walls. Mercury 
is easily dispersc'd in water or aqueous solutions 
by this method. 

Emulsification by ultrasonic; waves cannot, 
take place in vacuo^ but the chemical nature t)f 
the gases present has no signific'ance. Another 
important obseTvation is the existence of an 
upper limit of disperse phase concentration above 
which the rates of formation and of decomposition 
of glf)bule8 by ultrasonic energy are ecpial if 
there is no agent present to prevent ccmlescence. 
The destruction of emulsions by ultrasonic 
waves can be demonstrated clearly in some 
instances, the process being characterised by the 
formation of striations, the droplets gathering 
at nodes and often leaving the anti-nodes 
absolutely clear. The distance between the 
nodes is equal to half a wave-length in the 
liquid. Freundlich stresses that these results 
are not due to any §pecific property of ultra¬ 
sonic vibrations, which are to be regarded as 
only a convenient method of introducing energy 
into the system. It is known, for example, that 
amixture of two liquids, quite freed from gas, will 
not emulsify on shaking and it is suggested 
that the failure of many types of mixing 
device to produce emulsification may be due to 
orthokinetic coagulation. Bondy and ISollner 
in an important paper (Trans. Faraday Soc. 
1935, 31, 835) emphasise the importance of 
cavitation in emulsification. The effect of 
dissolved gases on cavitation explains their 
function in emulsion formation. The authors 
demonstrated emulsification by the collapse 
of bubbles of steam (for example, by 
condensing superheated steam at the inter¬ 
face of an oil/sodium olcato solution), and 
ascribe the emulsifying action of ultrasonics to 
the same cause. Rise of temperature of a 
system reduces cavitation, and it is found 
that increase in temperature, while* facilitating 
emulsification by shaking and other mechanical 
methods, detracts from the efficiem’y of idtra- 
sonic waves and of vapour condensation methods 
for this purpose. 

The earliest technical emulsification process 
was probably the preparation of pharmaceutical 
emulsions by means of gums such as tragacanth 
and acacia by a pestle and mortar method. 
In the “ Continental ” method water was 
rubbed^ into a mixture of the gum and oil, 
while in the “ American ” method oil was 


slowly incorporated into an aqueous gum 
solution. 

In modern emulsification practice three types 
of mechanical device are commonly used: 
(a) agitators, (b) homogenisers and (r) colloidal 
mills. The first type is often employed as a 
preliminary to the second or third. 

(a) Agitating MacMnery, — This includes 
quickly rotating stirrers, beaters, whisks, etc., 
of all types, and generally loads to the production 
of rather coarse emulsions, having the additional 
disadvantage of encouraging aeration and 
consequent denaturisation of proteins. One 
modern type of whisk consists of a cylinder of 
stout w ire gauze rotating rapidly within a larger, 
stationary cylinder of the same type. The 
intimately mixed licpiids are thus eontinually 
forced through the fine mesh and subdivided. 
The churns used in the manufacture of margarine 
are large-scale agitators. 

(/;) Homogenisers .—Emulsions as normally 
|)repared contain globules of widely different 
size ; the furu'tion of the homogeniser is to 
reduce the globule diameder and i)roduce an 
approximation to isodispersion. Although 
dispersion is })rought about by mechanical 
devi(!ea of various types, the term homogeniser 
is usually understood to bo restricted to those 
machines which produce subdivision by forcing 
the emulsion through a fine orifice under 
pressure. 

This principle was first discovered by Marix 
(F.P. 218946-7, 1892), and applied also by 
Gaulin (B.P. 18249, 1902), who constructed a 
mac'hine consisting of a conical valve held in 
its seating by a heavy spring, the emulsion being 
forced through the valve by a pump. This is 
the general arrangement of the present day 
homogeniser tlesign, the chief difference between 
the various makes of machine being in the 
orifice design. It is important that the valve 
should be fed w ith a coarse, preformed emulsion 
at a uniform high pressure, and hence it is 
customary to use a three-throw pump system, 
the three pistons of the pump working from a 
common crankshaft. 

Of the many different types of homogeniser 
now on the market only a few will be mentioned 
here and their chief characteristics indicated. 
For a fuller account, see W. Clayton, op. cit.^ 
p. 321, and H. 1. Johnson, ” Technical Aspects 
of Emulsions,” 1935, p. 29. 

Mention must first be made of the small hand 
machines designed for the domestic manu¬ 
facture of cream from milk and unsalted butter. 
In these machines the emulsion is pumj)ed by 
hand through a small fixed orifice and the 
emulsions tlius obtained are comparable with 
those prodiKjod by full-size industrial plant. 
These simple machines are suitable for routine 
laboratory use. 

The Weir homogeniser (Fig. 2) is a typical 
direct drive industrial machine, particularly 
useful for the manufacture of food emulsions. 
The valve (Fig. 3) is of the normal spring-loaded 
type, but can be replaced by a two stage valve 
unit with separate loading adjustments {v. 
infra). There is an unloading valve which, 
when open, serves to relieve the pressure by 
returning the products to tlie supply tank. This 
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is done when the machine is started up, hut the 
valve is closed as soon as working speed has been 
attained. 

The De Laval homogeniscr has a special valve 
(Fig. 4) consisting of a series of smooth metal 


by a heavy spring adjusted by means of a 
handwheel. 

The Viscoliser, a homogeniscr which is much 
used in America, has a valve fitted with an 
automatic pressure regulator which will lift at 



surfaces and capable of rotating with respect 
to the seating. This prevents the possibility 
of obstructions preventing the valve from 
closing. In this machine pressure is maintained 



Fig. 4. 



Fig. 3. 


Fig. 5. 

certain pressures to allow obstruc;tions to pass. 
The emulsion is fed into the homogeniscr at 
pressures up to 5,000 lb. per sq. in. 

The Impulsor homogeniscr (Fig. 5) 
uses a single cylinder pump system 
i and has the advantage that pro-mixing 
‘ of the phases is unnecessary, the two 
liquids being drawn in separately 
through two inlet ports. The liquids 
are then intimately mixed by a plunger 
which makes 275 strokes per minute, 
this pulsating action effecting pre¬ 
emulsification. Only one-ninth or one- 
seventh (according to the capacity of 
the machine) of the actual volume of 
emulsion in the cylinder is forced out 
at one stroke. The emulsion is ejected 
through a spring-loaded homogenisa- 
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tion valve D, pressure being ad justed by means of a laboratory Impulsor model of high efficiency is 
handwheel A. The Impulsor machine is designed available. 

to run at 3,500 lb. per sq. in. Frazer and The Brush homogeniser (B.P. 420437, 1933) 
Walsh (J. Physiol. 1933, 78, 467) prepared is of the usual three-throw pump type, but 
emulsions of 20% olive oil in gum arabic solution possesses a valve of special design which depends 
by this machine and obtained an average for its pressure loading on the elasticity of a 
globule size of ^-1/x at 1,000 lb. per sq. in. A metal tube. This homogenising valve (Fig. 6) 


DELIVERY PORTS TO VALVE CHAMBER 



Fig. G. 



Fig. 7. 


consists essentially of a tube of special steel expand. Between these two faces various 
carrying a homogenising surface and fitted over valve rings may be inserted according to the 
a spindle extending over its whole length and materials to be emulsified and the degree of 
capable of lateral adjustment in it. This dispersion required. This machine has low 
arrangement is fitted within a stout tube running costs and may have a capacity as great 
carrying a flange which has a stationary valve as 1,000 gallons per hour. 

seat. There are, therefore, two homogenising The efficiency of a homogeniser usually 
surfaces, one stationary and the other free to decreases as the disperse phase ratio is increased 
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and, unless the emulsifying agent is very care¬ 
fully chosen, may actually break concentrated 
emulsions instead of dispersing them. The 
phenomenon of “ clumping ” of globules already 
referred to (p. 2916) is often mot with in homo¬ 
genised emulsions, especially v^here very high 
pressures have been used. These “ clumps ” 
may bo numerous and contain up to several 
hundred globules each. In order to avoid this, 
two-stage homogenisation is often resorted to, 
the emulsion passing through a first valve 
operating at 3,000-5,(K)() lb. per sq. in., and 
then through a second one at about 1,0001b. per 
sq. in. 

(c) Colloid Mills .—The term colloid mill is 
generally restricted to those types of ma(‘hine in 
which dispersion is effected between a stator and 
rotor. The first mill by Plauson (Chera.-Ztg. 
1920, 44, 535, 565) received much attention and 
was iermed “ colloid ” mill owing to the fineness 
of the resulting dispersion, although cf)lloid 
dimensions were not, of course, attained. 

The rotor speed of this type of mill may vary 
from 1,000 to 20,000 r.p.m., belt or oil-immersed 
worm gear drives being usual. The clearance 
between stator and rotor may be constant over 
the faces or may vary ; there is generally 
some arrangement for adjusting the clearance 
to any given value and for testing it at various 
points. The milling surfaces may either be 
smooth or have radial or concentric corruga¬ 
tions. 

It is usually preferable to feed the machine 
with preformed emulsion, but in some cases the 
two phases are fed in separately. Most miUs are 
jacketed for cooling and heating and are thus 
suitable for the emulsification of waxes and other 
low-melting solids. Colloid mills are very adapt¬ 
able, being suited to the preparation of fine 
dispersions of both liquid/liquid and solid/ 
liquid type, even when the viscosity of the final 
dispersion is that of a paste. 

The Premier high speed colloid mill (Fig. 7) 
is typical of the simpler machines of this class. 
It consists essentially of a rotor RS working in 
close proximity to a stator S, the arrangement 
being in the form of the frustrum of a cone of 
apex angle 90®, the emulsifying length being 
I in. in the case of the 5-in. mill. The clearance 
between the working surfaces may vary 
between 2-3/1,000 and 20-30/1,000 in. Dis¬ 
persion naturally depends on the clearance 
and the speed of rotation, the smaller the former 
and greater the latter, the greater will be the 
disniptive force and hence the degree of 
dispersion. The table below gives some details 
of the sizes and performances of the various 
models. 


The Premier paste mill (Fig. 8) is a vertical 
model specially designed to deal with very 
viscous systems. The working parts are the same 
in principle as those of the horizontal model de¬ 
scribed above, but the rotor RS is directly driven 
from a vertical motor. There is a veiy large run- 



Fig. 8. 


off which may, if necessary, bo duplicated. The 
working parts are jacketed for water cooling or 
steam heating. The 10-in. rotor model, at a 
running speed of 3,000 r.p.m., has an hourly 
output of 12-20 cwt. 

A model of the horizontal mill has been 


Rotor 

diameter. 

Normal running 
speed. 

Method of drive. 

Usual motor supplied. 

Approximate hourly 
output. 

inches 

r.p.m. 

Flat belt 

h.p. at r.p.m. 

gallons 

H 

15,000 

2 at 3,000 

16/20 

5 

9,000 

Flat belt 

3 at 3,000 

40/60 

10 

4,500 

Texrope 

10/16 at 1,600 

300/460 

15 

3,000 

Texrope or direct- 
coupled to motor 

25/30 at 1.600 
or 25/30 at 3,000 

1,200/1,500 







299 


EMULSIONS AND EMULSIFICATION. 

developed with corrugated stator and rotor, additional advantage that, if the filling funnel is 
The milling surfaces are in the form of a series kept full, it is impossible for air to be entrained in 
of concentric, interlocking, inclined planes, the system. 

so that the time of treatment of the materials is The Hurrell mill (Fig. 9a) has a jacketed, short 
considerably increased. This machine has the cylindrical body, the inner surface of which 
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forms the stator, the surface being slightly and thus determines the clearance between the 
tapered. The rotor consists of two hollow working surfaces. It is so arranged that one 
discs fixed together with a small clearance half-turn of the handwheel alters the clearance 
between them, the periphery being given a small by 0-001 in. The emulsion or suspension is fed 
taper corresponding to that of the stator, directly from a hopper to the space between 
Lateral movement of the rotor with respect to the two halves of the rotor, whence it is flung 
stator is controlled by means of a handwheel by centrifugal force to the periphery and forced 
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through the fine gap between stator and rotor. 
As the emulsifying space is practically parallel 
to the axis of the rotor, there is no appreciable 
force tending to remove the emulsion from the 
surfaces and hence the time of emulsification is 
chiefly dependent, on the rate of feed. This 
makes possible a wide range of intensity of 
treatment on the one machine. The Hurrell 
mill is made in several sizes, including a 
laboratory model. 

There is a more recent “ C ” type of Hurrell 
mill (Fig. 9b) which is specially designed to elimi¬ 
nate aeration, the rotor running witliin a stator 
ring which gives a clearance of 0-01 in. ; other 
rings giving a smaller clearance may be 
substituted. 

The Hatt-Dussek “ homogeniser ” (Fig. 10) 
is a colloid mill of a different type, originally 
(levclopt'd for the preparation of bitumen emul- 
sicius, but suited also to general work. The 
stator and rotor surfaces are smooth, but, instead 
of being parallel like those of the other machines 
described here, are parabolic in section. Pre¬ 
liminary mixing is accomplished by vanes 
attached to the rotor, after which the emulsion 
is forced ccntrifugally between the working 
surfaces and collects in the annular space 
betw’een the two rotors. A feature of this 
machine is the low' power required for a high 
output. 

Another interesting type of mill is the IhS. 
Colloid Mill, which uses two Hat grinding rotors 
facing one another and rotating rapidly in 
opposite directions. Grinding rings of various 
sizes can be mounted on these rotors and the 
grinding surface area thereby altered. This mill 
can be fed from the periphery of the rotors, 
discharge being from the centre, or vice versa. 

Many other types of mechanical device 
designed for the dispersion of liquids or solids in 
liquids are described in the recent patent 
literature. 

1)e- EMULSIFICATION. 

While the industrial preparation of emulsions 
is of the greatest importance, the opposite 
process, the separation of emulsions into their 
separate phases, offers many technical problems. 
This applies especially to the removal of oil from 
crude petroleum emulsions, gas-tar emulsions, 
and wool-scouring liquors, as well as the prepara¬ 
tion of butter from cream, a process which will be 
discussed in the next section. 

De-emulsification methods are of several types, 
including simple mechanical treatments, co¬ 
agulation by electrolytes or antagonistic 
emulsifying agents and electrical precipitation. 

Simple gravity separation can sometimes be 
carried out in the case of the less stable oil-field 
emulsions, the time of separation being con¬ 
siderably shortened by the use of inclined 
baffles (Fisher, U.S.P. 1940794, 1933). Separa¬ 
tion by centrifuging is used in a few cases, 
especially with the heavier crude oils, and also 
for wool-scouring liquors, and various heat 
breaking processes have been evolved (Egloff 
and Berkman, J. Physical Chem. 1936, 39 , 
265). 

Various filtration methods have been suggested 


for the breaking of emulsions of different types. 
These processes depend essentially on the 
preferential wetting of the filtering material, 
which is usually a porous or powdered solid, by 
the oil or water of the emulsion. As these 
filtering subslanc^es may, for this reason, act 
as solid emulsifying agents, they are really 
equivalent to the use of antagonistic emulsify- 
ing agents. Solids which are claimed as being 
suitable for the purpose include active carbon 
(Jac'nieke, Chem.-Ztg. 1932, 56, 630), sand, 
kiesejguhr, clay, aluminium oxide, calcium 
carbonate (Hatschek, J.8.C.J. 1910, 29, 125) 
and gelatinous precipitates such as tlie inorganic 
hydrous oxides. 

The first patent for electrical precipitation was 
taken out by Cottrell (U.S.P. 987114, 1911). 
A high potential alternating current is generally 
employed in a continuous circulatirjg process. 
A detailed description is given by Eddy (Ind. 
Eng. Chem. 1921, 13, 1016). Very many 

modifications of the CottreU process have been 
suggested. It is supposed that the emulsion 
acts as a system of minute condensers, the poles 
being the water globules, the oil phase the 
dielectric. In a high potential alternating field, 
the charged water globule's rupture the con¬ 
tinuous oil film and tend to coalesce into large 
drops. 

Quite different in princijjle are the electrical 
de-oiling processes for condenser water 
emulsions, etc., which contain highly dispersed, 
charged oil droplets, but no stabilising inter- 
facial film. Here a low voltage (110 volts) 
direct current is employed, the precipitation of 
the oil being due to cataphoretic or electro¬ 
chemical action. 

Of the chemical methods used in de-emulsifica¬ 
tion, coalescence by the addition of electrolytes 
is perhaps the simplest. Acids are often 
employed with success, but the addition of 
electrolytes, such as ferric chloride or aluminium 
sulphate, which give rise to polyvalent ions is 
generally more effective. The use of higher 
concentrations of sodium chloride and other 
common electrolytes can also be used in some 
cases, the action here being the “ salting out ” 
effect on the layer of emulsifying agent adsorbed 
at the interface. 

The most important chemical de-emulsifica- 
tion methods consist in the use of antagonistic 
emulsifying agents. This type of process is 
convenient in requiring no special plant and being 
easily applicable at the well head. Crude oil 
emulsions (W/0 type) are stabilised by oil 
soluble (hydrophobic) agents, and coalescence 
is most readily brought about by antagonistic 
oil-insoluble agents. Thus the common hydro¬ 
philic colloids such as starch, the water-soluble 
soaps and glue are prominent in this field, and a 
large number of complex organic compounds, 
including many sulphonated derivatives (such as 
the sulphonated by-products of oil refining), 
naphthenic compounds, etc., are claimed in the 
patent literature. Just as emulsification is a 
very specific process, the most suitable agent 
varying from system to system, so, in de-emulsi- 
fication by the use of antagonistic agents, com¬ 
pounds which effectively break one emulsion 
win have little effect on another. 
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Biological Emulsions. 

The most important of the natural liquid/ 
liquid dispersions is the chylomicron emulsion 
of the blood, in which form the fatty products of 
digestion are distributed about the body. 
Important studies of this system have been 
carried out by Gage and Fish (Amer. J. Anat. 
1924,34,1) from a physiological, and by Ludlum, 
Taft and Nugent (J. Physical Ohem. 1931, 35, 
269) from a physico-chemical, point of view. 
Fat, as soon as it penetrates the intestinal walls, 
appears as a fine-dispersion (0-6-1emulsion 
in the lacteal vessels. By staining the fatty 
food with a suitable oil-soluble dye, it is 
possible to observe the passage of the fat globules 
through the body and to trace its final deposition. 
The chylomicrons of human blood have an iso¬ 
electric point at Pfj about 5, which suggests 
that the protective film is a protein, probably 
serum globulin or albumin. 

Walsh and Frazer (Brit. Med. J. 1934, i, 424, 
657 ; “ 'J'cchnical Aspects of Emulsions,” 

p. 5) have reported interesting observations on 
the intravenous or subcutaneous injection of 
emulsions. Jt was first noticed that toxic 
substances, such as diphtheria or tetanus toxins, 
when adsorbed on to the oil globules of a fine- 
dispersion emulsion, were non-toxic when 
injected in large doses. Later, the use of 
emulsions was reported for the successful 
treatment of toxaemic conditions, with special 
details in the case of pneumonia. The authors 
ascribe the elfect as due to the adsorption 
of toxins from the blood by the emulsions; 
5% olive oil emulsions stabilised with sodium 
oleate were used, the adidt dose being about 
15 c.c. 

Milk is the best known of the natural emul¬ 
sions ; its physical chemistry is of technical 
importance. Milk consists, on the average, of 
87-27% water, 3-64% fat, 4-88% lactose, 3-02% 
casein and 0-53% lactalbumin. A large number 
of investigations have been carried out on the 
chemical identity of the emulsifying agent 
which stabilises the fat globules ; it is generally 
agreed that this substance is a protein, but 
there is considerable divergence of opinion as to 
its nature. Recent work by Palmer and Wiese 
(J. Dairy Sci. 1932, 15, 371 ; 1933, 16, 41) has 
done much to clear up this point. 

Numerous size-frequency analyses have been 
carried out on the milk emulsion, it being found 
that the size of the globules varies much with the 
breed of animal, its environment and feeding, as 
well as the period of lactation. The fat globules 
of milk vary in size from 0-1 to lO/x ; there are 
about 3 X10^* per c.c. 

Although cream is an apparently stable emul¬ 
sion it is broken by simple mechanical agitation 
in the process known as churning. It is certain 
that in this process a fundamental change 
takes place in the stabilising protein film, 
but the nature of that change is not at present 
understood. Butter itself is a rather indefinite 
emulsion of the W/0 type, it having been 
shown (King, KoUoid-Z. 1930, 52, 319) that 
the fatty (jontinuous phase encloses water 
globules, fat globules and air bubbles, all 
of which are covered with a hydrated protein 


membrane. The formation of foam caused by 
the violent agitation of churning is closely 
connected with the mechanism of tlu? separa¬ 
tion of butter (Rahn, Kolloid-Z. 1922, 30, 
341). 

Rubber latex is a further example of natural 
emulsions. There are a number of different 
trees which yield latices of fundamentally 
different types ,- some of these arc suspensions, 
others true emulsions. Tht' latex of Hcvm 
Braziliensis is of predominant importanc’c and 
consists of about 35-40 rubber hydro¬ 
carbon dispersed in an acjueous medium in 
which are dissolved qiiebracitol, proteins, lipin, 
etc^. The dispersed particles vary greatly in 
size, the largest being about 2/i, in diameter. 
The actual droplets an; almost spherical and 
appear to contain either a viscous liquid or a gel 
enclosed within a solid stabilising sac. It is 
probable that this is a protein membrane. 
Ilevea latex creams slowly, but can easily 
be redispersed on shaking. The latex par-tides 
are negatively charged and are readily co¬ 
agulated by any Kuf)stance of a positive nature 
and especially by acids. Many powdtTs, as well 
as alcohol, acetone, etc., have the same effect. 
Latex is normally preserved by tlie addition of a 
small amount of ammonia. 

Many patents have been taken out for the 
manufacture of synthetic rubber by the poly- 
mci-isation of dienes and other unsaturated 
hydrocarbons in an emulsified form (Katz, 
Ind. Eng. Chem. 1933, 25, 1338). 

Tecunk'Al ArrLiCATiONS of Lmulsions. 

Insecticide Emulsions .—One of the earliest 
uses of emulsions was in the control of insect 
pests on plants, for which purpose pure oil 
could not be used owing to its burning action 
on the foliage. It is obvious that emulsions of 
the 0/W type are required for this kind of 
work, as the continuous phase must not be harm¬ 
ful to the plant. Soaps have been widely used as 
emulsifying agents for insecticide emulsions, but 
have, of course, the disadvantage of being 
incompatible with hard waters such as are met 
with in manj" fruit-growing districts. Stock 
soap emulsions when diluted with the hard 
waters form curd-like insoluble calcium and 
magnesium soaps with coagulation or breaking 
of the emulsion. The result may even be a com¬ 
plete phase reversal. Many other emulsifying 
agents have been tested or employed with a view 
to overcoming this difficulty, and the newer, 
synthetic agents are gradually entering into this 
field. 

Emulsions for horticultural use are generally 
sold either as concentrated (c. 80% oil) emulsions 
which are diluted in the field, or as “ miscible 
oils ” which contain the emulsifier dissolved 
in the oil to give a clear solution, the actual 
emulsion being obtained simply by stirring the 
“ miscible oil ” into water. 

For winter spraying, tar oil emulsions are much 
employed owing to their high ovicidal action, and 
the insecticidal action of mineral oils is often 
enhanced by dissolving in the oil some other 
insecticidal substance such as pyrethrum or 
derris (rotenone), or one of the organic thio- 
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cyanate derivatives which are now being 
introduced. 

For many purposes it is desirable that a 
horticultural spray should combine the pro¬ 
perties of a fungicide or a “ stomach-poison- 
insecticide ” with those of the oil emulsion. Other 
substances must therefore be added which, 
besides having the required insecticidal or fungi¬ 
cidal action, are compatible with the oil emul¬ 
sion. Thus Hordeaux mixture and lime sulphur 
(calcium polysulphide), two excellent fungicides, 
bring about the coagulation of all ordinary oil 
emulsions, and so a long time must elapse 
between the application of the oil spray and the 
fungicide spray. C>)mbination8 of this type are 
becoming possible with some of the newer agents, 
but the reactions of these complex organic sub¬ 
stances with the spray materials cannot always 
be predicted. Inert alumina can be used success¬ 
fully hu' this purpose. A similar problem 
arises when lead arsenate is added to certain oil 
spray emulsions, as interaction with the agent 
may liberate dangerous concentrations of soluble 
arsenic. 

For the successful penetration of the oil-emul¬ 
sion insectides, it is usually recommended 
that some substance should be present which 
lowers the surface tension of the mix, thus 
enabling the foliage to be wetted and the emul¬ 
sion to spread uniformly on the surface. For this 
purpose soap ma,y be used or else one of the 
modem efficient detergent depressors. The 
degree of dispersion of a horticultural emtilsion 
is a matter of some importance. It seems 
that if the globules arc too fine, the emulsion 
may be too stable and contact breaking on 
the leaf surface incomplete. On the other 
hand, a coarse emulsion will tend to cream 
quickly, and unless sufficient mechanical agita¬ 
tion is maintained by the spraying apparatus, 
uneven distribution of oil on the foliage will 
result, burning some portions and affording no 
protection to others. 

Oil emulsions of various sorts arc also used 
for the destruction of insects attac^king animals 
and man, for weed killing and for sod fumiga¬ 
tion. For the last purpose, emulsions of carbon 
disulphide are useful. This form of application 
has the additional advantage that the emulsion 
is relatively non-inflammable, as the carbon 
disulphide droplets are all protected from 
ignition by the aqueous, continuous phase. 

For an authoritative summary of insecticide 
emulsions, see Woodman, “ Technical Aspects 
of Emulsions,” p. 56, where many references are 
given. 

Bitumen Emulsions. —Probably no substance 
is used in an emulsified form to such an extent 
as asphaltic bitumen, the residual petroleum 
pitch of commerce. These emulsions are finding 
ever-increased use for the surfacing of roads, for 
which they have great advantages over the 
unemulsified product. The essential problem is 
to prepare a fine 0/W emulsion of bitumen which 
will remain stable on standing for long periods 
even at low temperatures, but which will break 
easily on contact with road-making materials. 
Innumerable patents have been granted for the 
preparation of bitumen emulsions. The simplest 
types are alkali-stabilised, caustic soda, sodium 


silicate, sodium aluminate, etc., being used for 
this purpose, but soap emulsions, especially those 
in which soap is formed in situ, and hydrophilic 
colloids of all kinds (especially gelatine and 
casein) are also used. Solid emulsifying ^ents, 
notably colloidal clays, are cheap and efficient 
emulsifying agents for asphaltic bitumen. 

Numerous patents deal with the breakdown 
of bitumen emulsions on the road, polyvalent 
metal salts being prominent in this respect. 
Usually, however, the breakdown on the 
road is spontaneous, being due partly to evapora¬ 
tion of water, which increases the internal phase 
concentration of the emulsion, which is then easily 
broken by mechanical means. The chemical 
nature of the road materials is also important 
both in prodiKung direct electrolytic coagulation 
and in abstracting emulsifying agents from the 
emulsion interface by adsorption. For detailed 
information on road emulsions, see K. Wilkinson 
and F. .1. Forty, “Bituminous Emulsions for 
Fse in Road Works,” J^ondon, 1932; Garner, 
Gabriel and Prentice, “ Modern Road Emul¬ 
sions,” London, 1933 ; and Gabriel, “ Tech¬ 
nical Aspects of Emulsions,” p, 130, London, 
19.35. 

Textile Emulsions. —By means of emulsifica¬ 
tion, lubricants of low oil-content can be prepared 
which are useful for the oiling of textile fibres 
and are also cheap. Emulsions of spindle oil 
and other mineral oils are employed for the 
lubrication of cotton fibres in spinning, and the 
oiling of wool fibres is generally accomplished 
by the use of olive oil emulsions. The removal 
of this oil, together with the natural grease of the 
wool, finally takes place by scouring processes 
which involve emulsification. Kor this purpose 
the new emulsifying agents and detergents are 
much used. In the initial treatment of raw silk 
fibres, emulsions are also used. 

The second type of use of emulsions in the 
textile industry is for the finishing and water¬ 
proofing of fabrics. Emulsions of waxes of 
different kinds, of drying oils and of rubber 
latex arc used for this purpose. Oil emulsions 
are used for the delustring of silk and for the 
opposite purpose in the case of furs. 

Emulsions in the Leather Industry. —After the 
formation of leather by the tanning of skins, 
it is usual to impregnate the fibres with oils or 
fats to produce a soft and pliable product. The 
oil may be employed in its natural state in the 
“ stuffing process ” or the leather may be 
“ drummed ” with a dilute 0/W emulsion in the 
process known as fat liquoring. The latter 
method has been used to an increasing extent 
since the development of chrome tanning. The 
oil is quickly removed from the emulsion by the 
leather, practically clear water being left behind. 
This rapid oil adsorption is ascribed to the action 
of the free -NHg^ groups of the tanned 
leather on the negatively charged oil droplets. 
The Ph value of the fat Uquor employed has an 
important effect on the oil adsorption, higher 
values ensuring more uniform penetration of the 
oil. 

Coating and Proofing Compositions, etc .— 
Emulsions of waxes and resins of various kinds 
are used for the sizing, waterproofing and finish¬ 
ing of paper; the agents employed include repre- 
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sentatives of all the types already described. 
Recent developments in this line include the 
use of rubber in drying oil emulsions and in 
other forms. Emulsions of nitrocellulose collo¬ 
dion, together with a wide variety of different 
plasticisers, etc., have been protected. The 
emulsified products are used because of 
the saving of expensive ester solvents. 
The emulsification of collodion presents 
certain difficulties, and special processes 
have to be employed ; these include the 
preparation of relatively unstable W/0 
emulsions which are afterwards reversed to the 
0/W type. 

Paints. —The chief application of emulsions in 
the paint industry is in the manufacture of oil- 
bound water paints or distempers. These 
are essentially pigmented 0/W emulsions of 
drying oils, which can be brought to brushing 
consistency immediately before use by dilution 
with water, but which leave, on drying, a 
coherent film of oil on the wall which can be 
washed without removing the colour. These 
distempers are generally made by first emulsify¬ 
ing the high viscosity oil phase in an aqueous 
medium containing glue or casein in the presence 
of a suitable agent, such as a soap, a 8ulphonate<l 
oil or a complex emulsifier. The pigment, 
often pre-wetted by some of the casein or glue 
solution, is then ground into the emulsion. 
It is essential that adsorption on the pigment 
should be aqueous and not oily. If the pigment 
becomes oil-wetted owing to its antagonistic 
action on the emulsifying agent (all finely 
divided solids act as emulsifiers), a satisfactory 
film cannot be produced on the painted surface. 
It is obvious that the choice of emulsifying agent 
is of primary importance in this manufacture; 
it must produce a film at the oil/water interface 
which is incaj)ablc of rupture during the 
mechanical dispersion of the pigment. The 
degree of stability of the emulsion in this respect 
is determined by observation of its behaviour 
on prolonged grinding with the pigment. In 
choosing the emulsifying agent, consideration 
must also be given to its effect on the final film 
of paint ; the presence of too strongly polar 
groups in the film may cause a slow deterioration. 
A further problem with these emulsions is the 
prevention of mould growth, etc., on the gelatine 
or casein present. 

Edible Oil Emulsions. —Of food emulsions 
perhaps the most important is margarine, which 
is prepared by emulsifying a liquefied mixture of 
vegetable oils (c. 80%) with soured milk. After 
thorough mixing, the fine grain emulsion is 
rapidly cooled and worked up to the required 
consistency and texture, a certain amount of 
water being squeezed out in the process. A 
W/0 emulsion such as Schou’s oil (p. 285c) is 
sometimes added to a mixture containing 
the percentage of ingredients required in the 
final product. 

Salad dressings of various kinds are essentially 
emulsions of olive oil or other vegetable oil in 
vinegar, made by means of egg yolk. If the oil 
content is high (c. 80%) the emulsion is viscous 
and is termed mayonnaise, if the oil content is 
considerably lower, the emulsion is much less 
viscous and is known as salad cream. Mustard, 
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which is usually added for seasoning purposes, 
also possesses emulsifying properties. 

An emulsified food product of increasing 
importance, especially in hot countries, is 
reconstituted milk, which is prepared by emulsify¬ 
ing butter fat or other suitable oil in a suspension 
of dried milk. Tragacanth is sometimes added 
to retard creaming. Other applications of 
emulsions in foodstuffs include emulsified 
shortening agents and the use of lecithin as an 
agent in confectionary manufacture. 

Krnulsions of cod-liver oil and other oils with 
casein or other protein materials, with or with¬ 
out a proportion of mineral phosphates, have been 
proposed as cattle foods. 

Pharniaceuiical and Cosmetic Ernulsions .— 
The gums are still predominant in this field, but 
lecithin, proteins, etc., are also used. A novel 
use of a solid emulsifying agent is that of mag¬ 
nesium hydroxide for the stabilisation of castor 
oil and B.P. paraffin oil emulsions. 

Cosmetic creams and emulsions of many 
types are produced on a large scale ; stearates 
are usually used for emulsification, but some 
of the modern agents, such as triethanr>lamine 
oleate, have been successful in this field. Related 
emulsions include tooth pastes, hair creams and 
shaving creams. 

Miscellaneous Emulsions. —Of the innumer¬ 
able other uses of emulsions mention should be 
made of polishes and cleansers, which contain 
emulsified solvents, waxes, turpentine and 
other ingredients, and of shoe polishes, which are 
pigmented wax emulsions of the 0/W type 
containing a higher concentration of internal 
phase. Emulsified solvents such as chlorinated 
hydrocarbons are used in dry cleaning. 

Numerous lubriisation emulsions arc widely 
used, especially “ cutting oils ” for use in the 
boring, drilling and cutting of metals. These 
are generally dilute mineral oil emulsions 
stabilised by sulphonated oils and often of the 
“ miscible oil ’* type. Emulsions t>f oils and fats 
are used for coating foundry moulds, etc., and 
termed “ mould creams.” Emulsions are also 
used in colloidal fuels, non-freezing lubricants, 
anti-corrosion media, shock absorber liquids, 
solvents for extraction, for laying dust in mines 
and on roads, etc. 

Bibliography. —Frequent reference has been 
made to W. Clayton, ” The Theory of Emul¬ 
sions and their Technical Treatment,” Churchill, 
3rd ed., 1936, and to “ Technical Aspects of 
Emulsions,” the collected papers read at a 
symposium held by the British section of the 
International Society of Leather Trades 
Chemists and published by A. Harvey, 1935. 
For the application of emulsions, see H. L. 
Bennister and A. King, “ Emulsions in 
Industry,” Chem. & Ind. 1938, 57, 719, 990 ; 
1939, 58, 7, 220. 

A. K. 

ENAMELS. Vitreous enamelling may be 
defined as the application by fusion of a thin 
adherent layer of an inorganic silicate glass to a 
metal surface. Vitreous, porcelain and glass 
enamelling are synonymous terms. The name 
enamel is applied also to an organic paint of high 
gloss and to coloured enamels applied to 
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pottery, with both of which this article is not 
concerned. 

Following a brief history of enamelling, the 
technology of enamelling is discussed in the 
following order: the nature of the metal stock 
and its preparation for enamelling, the com¬ 
position of the enamel glass and its manu¬ 
facture through the stages of smelting (fritting), 
quenching, drying and milling; the appli(*a- 
tion of the enamel to the metal surface by 
dipping or spraying, and tiring ; the properties 
of enamel slips and of tired enamel. The 
summarised flow sheet below omits many 
necessary operations. 

Glass components. Sheet steel articles. Castings 

1 I I 

Smelting Cleaning Abrading 

I I 

Quenching I’iekling 

Milling Neutralising 

Drying 

I 

Application 

J 

Drying and tiring 

I 

Further applications 
and firings 

History .—The art of enamelling was known in 
very early times. Examples of Egyptian w'ork 
dating back to the fourth century b.c. are in 
existence. In early Christian times advances 
were made around Byzantium, whence the 
types known as cloisonne and champleve 
spread. The former was devised by a gold¬ 
smith who formed the boundaries of the 
colours by soldering to the design wires between 
which the powdered or pasty enamel was pressed 
and fired. This was ground down to reveal the 
wire and the whole polished. Champleve was 
invented by a coppersmith who gouged out areas 
for the reception of the enamel, which was fired. 
In mediaeval times the cities of Cologne, Treves, 
Maestricht, Verdun and Limoges were famous 
for their craftmanship in jewellery enamels. 
The process was in use at the same time in 
China, Japan and India. After the fifteenth 
century, enamelling broke away from small-scale 
work in the course of developing painted 
enamels on comparatively large sheets, enamelled 
on both sides to confer mechanical stability. The 
colour range was extended and the problems of 
poor adherence and covering power, and chipping, 
were met and overcome. Enamelling on iron 
had to wait for developments in the ferrous 
industry. Cast iron shapes were first enamelled 
in the early nineteenth century in much the same 
way as now, employing a ground and cover coat. 
Sheet iron and steel were first enamelled in 
Austria and Germany soon after 1850. Since 
that date, improvements in the irons and steels 
available, fresh sources and greater uniformity 
of the enamel raw materials gave enamelled 
articles a favourable position in the markets, so 
that now such diverse ware as advertising signs, 


baths, gas and electric cooking stoves, kitchen 
ware and storage tanks for milk and beer, as well 
as for highly corrosive liquids, are preferably 
enamelled. Enamelled articles are quite 
weatherproof, acid- and stain-resisting, easily 
cleaned, durable and attractive in appearance. 

Technology : The Metal Stock.—The right 
choice of metal stock is a prirnaiy consideration 
without which it is diflicidt to produce perfect 
ware. The composition should be chosen so 
that it meets with the requirements of the 
foundry and stamping room on the one hand, 
and the enamelling plant on the other. Com¬ 
positions near to those shown in Table I are 
used for cast iron, sheet iron and sheet steel 
articles respectively. Although enamels can be 
developed to suit wide departures from the com¬ 
positions shown, it is essential that no unexpected 
variations should occur in the stock entering the 
enamel plant, since good adherence could not be 
maintained. The production of metal, other 
than cast iron, is not often controlled by the 
enameller, but by insistence on a rigid specifica¬ 
tion he can avoid variations in composition. 

Table I.— The Percentage Compositions 
OF Typical ENAMELfJNo Irons. 



Oast iron. 

Kiianu*]- 
ling iron. 

Steel. 

Total carbon . 

3*25~3-6() 

0*013 

0*05 

Graphitic carbon 

2'80-3-20 

— 

— 

Combined carbon 

0-22-0'52 

— 

’— 

Silicon 

2-25-3-()0 

trace 

[ trace 

Manganese 

0-45~0-b5 

0*023 

0*30 

Phosphorus . 

0-f)()~0-95 

0*0075 

0*005 

Sulphur . 

005-0*10 

0*02 

0*035 


The metal parts to be enamelled should be 
designed with a view to aiding the application 
and firing to give a coating of even colour 
and thickness. Corners should never be sharp. 
Cast iron parts should be capable of uniform 
heating. Small projections should be avoided, 
otherwise the enamel may be burnt off these. 
Sheet metal ware is made by stamping, punch¬ 
ing, drawing and spinning sheets varying in 
thickness according to the ware from 1/100 in. 
for cheap kitchen ware, 1 /50 in. for better 
kitchen ware, 3/100 in. for signs and stove parts, 
up to J in. for food tanks. 

Preparation of the Metal .—Before the metal so 
shaped can be enamelled, it must be clean in a 
chemical sense. Rust, scale, oil and dirt must 
be removed; castings freed from moulding 
sand ; ridges, etc., taken off and the surface 
cleaned by abrasion with angular steel shot or 
sand. The casting is then ready for the furnace. 
The preparation of sheet steel articles is more 
lengthy. These are loaded into Monel metal 
baskets carried on conveyors and pass into 
a boiling alkali solution (the cleaner), running 
water, a pickle solution of hot dilute sulphuric 
acid (6%) or cold dilute hydrochloric acid 
(11%), water and a neutralising solution of 
mild alkali, followed by immediate drying. 
Properly prepared ware then has a bloom of 




ENAMELS. 


rust which later will dissolve in the ground coat 
enamel in firing and aid adherence. Instead of 
the alkali cleaner the oil is sometimes removed 
by condensing on it the vapour of trichlor- 
ethylene, which runs oif, carrying the oil back 
to the sump. Another method is to burn off* 
the oil in a sulphurous atmosphere, which 
leaves a loose layer of oxide, easily removed 
in the pickling solution. Latterly, electrolytic 
methods have been introduced in which the 
ware is made an electrode of a cell as it is 
immersed in the solution. The gases evolved 
loosen the films of oil or oxide. The use of a 
nickel dip following the rinse after pickling is 
increasing in favour. It consists of a solution 
of the double salt nickel ammonium 
sulphate. The fine coating of nickel improves 
adherence and is especially valuable for white 
ground coats. I’lie correct concentration of the 
primary components and a check on the mount¬ 
ing concentration of impurities in the various 
baths are maintained by analysis. 

The. Coinpositicm of Enamels .—The composi¬ 
tion of an enamel depends on the metal and th(i 
method of application. There are four groups 
comprising : (a) sheet iron or steel enamels, 

(b) wot process cast iron enamels, (c) dry process 
cast iron enamels and (d) jewellery enamels. 

A typical sheet iron or steel article will 
require perhaps three different enamels and two 
or three firings. The article, with its bloom of 
rust, coming clean from the dryer, will receive a 
dip in a cobalt ground coat and a spray of black¬ 
edging enamel. This will be fired between 
800 and 900°C. A white cover enamel will be 
applied, the black edge revealed by brushing and 
refired at a lower temj>erature. A second white 
coat may bo applied like the first and fired, 
along with, perhaps, a trade mark, applied by 
printing with a colour oxide. The enamels to be 
considered, therefore, are the ground coat and 
the cover coat. Increasing use is being made 
of white and light coloured ground coats, which 
require no cover coat. Also to bo taken under 
review are coloured enameds applied over a 
ground coat, and acid-resisting enamels. 

The cobalt ground coat is necessary to provide 
good adherence. The composition of a typical 
ground coat batch is given in Table II, number (1). 
Cobalt oxide is expensive and is partially 
replaced by manganese dioxide, which in the 
presence of cobalt oxide aids adherence. A 
number of theories have been advanced to 
explain the action of cobalt oxide. It should 
be noted that manganese, cobalt, iron and 
nickel occur close together in the Periodic 
Table. The quartz, felspar and borax of the 
ground coat may be varied within 5% limits and 
still have good working properties. Increase in 
the felspar increases the viscosity of the glass, 
increase in the quartz makes the enamel more 
refractory and increases the firing range, whilst 
more borax shortens this. The fluxes, sodium 
carbonate and nitrate, bring the refractories into 
combination in the smelting operation; too 
much of them leads to a pimply surface, poor 
mechanical strength and too high a coefficient 
of thermal expansion. The fluorspar makes the 
enamel mobile and easy to work at the firing 
temperature. 

Vou IV.—20 
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Table II,—Percentage Compositions of 
Sheet Iron Ground Coat and Cover 
Coat. 



(1) Ground 
coat. 

(2) Cover 
coat. 

Felspar .... 

:io 

32 

Borax. 

32 

24 

Quartz. 

20 

18 

Sodium carbonate 

7 

6 

Sodium nitrate . . i 

4 

4 

Fluorspar .... 

5 

3 

Cryolite .... 

— 

10 

Cobalt oxide 

0-5 

— 

Manganese dioxide 

1-5 

— 

Antimony oxide 

— 

3 

In the mill: 


Frit. 

100 

1 100 

Clay. 

(5 

6 

Tin oxide .... 

— 

7 


The composition of white ground coats for 
sheet steel is similar to cobalt ground coats save 
that they contain opacifiers such as zirconium 
and antimony oxides in place of colour oxides. 
With antimony oxide, sufficient sodium nitrate 
mu.st be used to keep the metal in the penta- 
valent state during smelting. The nickel 
flash following pickling is used with these. 
Coloured ground coats contain cobalt (which also 
helps adherence) or other colour oxide. All 
these ground coats are smelted to a frit and 
subsequently ground with 4-8% of clay, as is 
related later. An innovation is to add some of 
the batch in the mill. 

White cover enamels for sheet iron need to be 
of good gloss and covering power, and fuse at a 
lower temperature than the ground coat 
beneath. They should resist abrasion and be 
insoluble. Nowadays, no fears need be enter¬ 
tained that poisons will be absorbed by food 
or drink stored in enamelled vessels. A typical 
white cover coat is number (2) in Table II. 
This shows that 7% of tin oxide is used in the 
miU addition. In the frit, the antimony oxide as 
SbgOg confers extra opacity, aided by the 
cryolite and the fluorspar. 

Acid-resisting enamels are similar to ordinary 
sheet iron cover-enamels, but contain more 
silica and less fluorine compounds and boric 
oxide. Grey mottling-enamels are one coat 
enamels in which the mottling is produced by 
differences in the nature of the surface of the 
metal, exaggerated by salts added in the mill. 

Wet process cast-iron enamels are used for 
small castings such as stove parts. The fusion 
temperature is low (650-750°C.) to prevent the 
castings sagging from the heat. The composi¬ 
tions fall into three classes, viz. leadless, low 
lead and high lead. In Great Britain the use of 
lead has been eliminated for reasons of safety. 
With these enamels a ground coat is not always 
used. Such as are used do not contain cobalt, 
but carry zirconium oxide as an opaoifior. The 
newest of the cover coats is the leadless type, 
which approximates to a sheet iron cover-enamel. 
Opacifiers are used in the frit and in the mill 
as for sheet iron cover-enamels. 
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Dry process cast-iron enamels are used on 
heavy castings. The finish is very brilliant due 
to the heavy coating. The opacity must be 
produced in the frit. A ground coat (grip or 
slush coat) is always used, consisting of felspar, 
borax and quartz, sometimes wdth red lead in 
the frit. This protects the metal from oxidation 
and avoids reduction of the cover enamel by the 
iron. Older types of ground coat produced a 
sinter only. The cover coat can have a wide 
variety of compositions. Quartz is usually 
absent from the batch, the silica being derived 
from the felspar only, amounting to about 25% 
of the fired weight. Acid-resisting enamels 
of this type contain titanium oxide in addition 
to a high silica content. 

Jewellery enamels used on copper are alkali 
lead silicates with arsenic as opacifier. 

Fritting and Milling .—It should bo clear 
from the foregoing that the typical enamel 
is made from a frit, which is ground with the 
addition of a floating agent such as clay and 
opacifiers where appropriate. Smelting is the 
process of fusing the finely divided raw materials, 
already dry-mixed, into a molten mass of glass, 
containing gas bubbles and undissolved par¬ 
ticles of opacifier. Much steam and carbon 
dioxide are evolved which aid mixing and 
reaction. Small batches may be smelted in a 
crucible; larger batches in a smelter of the 
hearth or rotary type. A cobalt sheet-iron 
ground coat would be heated to about 1,200®C. 
until free of bubbles and unfused material. 
Dry process ground coats are more refractory 
and are not completely melted. Cover enamels 
are smelted at a lower temperature. The 
opacity produced in the frit is sensitive to the 
temperature of smelting. Thus antimony oxide 
will dissolve at 655°C., if not kept oxidised. 
Tin and zirconium oxides are partially dissolved. 
The liquid glass is quenched by pouring into 
water, at the same time breaking up the molten 
stream with an air-water blast into pieces easy to 
mill, called the frit. Milling is always carried out 
in ball mills containing flint pebbles or porcelain 
balls. The purpose is to reduce the frit to a 
powder which will pass a 40-meBh screen, but of 
which about 12% will be retained on a 2()0-mesh 
screen. This would be true of a cobalt ground 
coat. Cast iron enamels are the finest, sheet 
iron ground coats coarsest, while cover enamels 
are intermediate. The frit and a measured 
amount of water are put in the ball mill, so that 
it is one-half fuU of balls and three-quarters full 
when all is added. The speed should be adjusted 
so that the balls do not slip round (too slow), or 
be cast forwards to hit the opposite wall (too 
fast), but tumble down from the top and be 
carried up again at the periphery. The number of 
revolutions should be noted, rather than the time 
of milling. In smelting and milling the enamel 
picks up foreign material from the refractory 
smelter lining, which should be of low-iron 
aluminous firebricks, and from the mill lining. 
The control of the fineness of an enamel is 
very important. A standard screen test is used. 
If ground coats are milled too fine the enamel 
tends to bum off at the edges. Cover enamels 
similarly treated tend to tear. Sodium nitrite 
has recently been introduced to prevent tearing. 


Aj)pUcation and Firing ,—The application of a 
wet process enamel may be done by dipping 
(ground coats) or spraying (cover coats). Pry 
process enamels are applied by dusting from 
sieves on to the hot ware. The enamel melts and 
adheres. Decoration is applied by brushing away 
through stencils applications of dried, unfired 
enamel to reveal the fired enamel below, and in 
other ways. 

The creamy consistency of a wet process 
enamel slip is produced by clay added in the 
mill and, in jiart, by the finer frit particles. 
The working properties of the enamel are 
changed by altering the water content as well as 
by changing the state of the clay colloids. 
This is done by electrolytes such as those added 
to the mill for this purpose and those resulting 
from the hydrolysis of the frit. The last pheno¬ 
menon accounts for the change in working 
properties of an enamel by ageing. The con¬ 
sistency is measured by the consistometer, 
of which there are several modifications. The 
rate of flow of the slip through an orifice under a 
given hydrostatic head is measured. The ideas 
of Bingham of “ yield value ” and “ mobility 
are used. Works tests include the weighing of 
the enamel that will not run off a pickled plate, 
and the time elapsing between removing the plate 
from the slip and the moment when the enamel 
ceases to run (rate of set). The clay content has 
I the second purpose of giving the dried, unfired 
enamel strength. 

In a modern enamelling plant making sheet 
iron and steel articles, the cleaned metal ware is 
hung on conveyors which pass from point to 
point to be sprayed, dried and fired (burned). 
Firing melts the frit particles to a glass which 
maintains good adherence when cold (the 
thermal expansion of the enamel is related to 
that of the metal therefore), and liolds in 
suspension opacifiers. The temperature of 
firing is from 620 to 930®C. and the time of 
firing from 1 to 15 minutes, depending on the 
process. During the firing of a cobalt sheet- 
steel ground coat, rust on the surface of the 
metal is taken into solution and the blue of the 
cobalt is changed to the green colour of an iron 
glass. At the same time gases are evolved, giving 
the appearance of boiling. When the coat is 
properly fired many minute bubbles still remain. 
The cover coat firing calls for a fusion of the 
surface of the ground coat with that of the 
underside of the cover coat. The phenomenon 
of reboiling of the cobalt ground coat, evidenced 
by craters of bubbles that have burst through 
the cover coat, occurs at 600®C. and constitutes 
a defect. The firing time of wet and dry 
process cast-iron enamels is longer than for sheet 
iron because there is a bigger mass per unit 
area of metal to be raised to red heat. A lower 
temperature is employed to reduce the excessive 
boiling. The appearance of the enamel is 
influenced by the presence in the furnace of such 
gases as sulphur dioxide, which causes scumming, 
and water vapour, which may cause blistering. 
Oxygen is necessary for good adherence of the 
cobalt ground coat. 

Enamelling furnaces are designed so that fuel 
gases do not come in contact with the ware. 
The early types were ooal-fired muffles. Later» 
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greater uniformity of temperature was attained 
with oil-fired muffles, whilst the use of a pro¬ 
ducer type fire box has improved coal-fired 
muffles. However, gas or electricity provides 
the cleanest and most readily controlled heat. 
The modern muffle type firing furnace has walls 
of tiles of silicon carbide or fused alumina, which 
have high thermal conductivity. Modem con¬ 
tinuous furnaces have replaced intermittent 
furnaces for small pieces in U.S.A., but their 
adoption in Great J^ritain is not yet general. 
In these the ware, on heat-resisting alloy 
hangers, suspended from a conveyor above the 
furnace, traces a U-shaped path through a 
tunnel oven, so that heat is transferred from the 
cooling ware to the cold ware entering. The 
heating may be by gas, oil fuel or electricity. A 
recent introduction is for the fuel gases to be 
contained in tubes of heat-resisting alloy 
(radiant tube). 

Enamel Properties .—Measurement of enamel 
properties may be for maintaining the uniformity 
of the product and improving it or for purely 
scientific reasons. Works laboratory tests on 
consistency and fineness have already been out¬ 
lined. Other properties measured are the 
fusibility of the dry, unfired enamel, thermal 
shock tests of the finished piece, measurements of 
reflectance, adherence and acid resistance, but 
the most valuable test is a trial burn in which the 
correct firing time and temperature are dis¬ 
covered by varying both of these over a range. 
The adherence may be gauged by the effect of 
bending the trial piece through d(f or by the 
effect of the impact of a falling steel ball. The 
reflectance is measured by balancing with a 
photometer the light reflected from a standard 
white surface (magnesium oxide), or a sub¬ 
standard, against that reflected from the piece. 
The reflectance at 45° to the angle of incidence 
is a measure of the opacity. Gloss can be 
assessed only by eye. Acid resistance is com¬ 
pared by the loss of gloss, or in extreme cases the 
loss of weight, in contact with cold or hot citric 
or a stronger acid. 

A most important property of an enamel glass 
is its thermal expansion. The differential 
expansion of enamel and base metal can be 
estimated from the force required to counteract 
the extra curhng up of a collar, cut through at 
one point, caused when the fired piece is cooled. 
The enamel is put on the outside of the collar 
and contracts less than the steel, so the curling 
is increased. For determining the coefficient 
of thermal expansion of an enamel glass, the 
interferometer is a suitable instrument. It 
requires only small samples. Three small equal 
pyramids are made of the enamel. These 
are placed between two optically plane fused 
silica discs, the whole being set in a furnace 
which can be heated steadily up to 1 , 000 °C. 
Interference fringes derived from the two quartz 
surfaces in contact with the enamel are observed 
in the telescope. Expansion of the enamel 
causes these fringes to move across the eyepiece, 
the passage of each fringe being equal to a 
calculable expansion. The coefficient must 
be close to that of the base metal for good 
adherence. The influence of enamel composition 
on thermal expansion is expressed by factors 


such as those first devised by Winkelmann and 
Schott. Later workers, among them Mayer and 
Havas, have propounded improved sets of 
factors. Other constitutive properties of enamel 
glasses can be represented in the same way. 
If a glass contains oxides A, B, C, etc., the 
percentage weights of which are, respectively, 
Pa, P«, Po» etc., and the constants of the 
property for each are Xa, Xb, Xo, etc., the 
following formula may be applied to get the 
specific property of the enamel glass, where K ia 
the specific property; 

K = PAXAfPBXB+PoXc-f . . . 

Some defects in enamels are similar to those 
arising in pottery glazes. Blistering, chipping, 
crawling, crazing, jumping and specking are of 
this kind. Their nature is indicated by their 
name. Copper-heading usually appears as 
copper-colon red spots in sheet iron ground coats. 
They arc small, pinhead-size spots of a slaggy 
nature arising from the enamel not covering the 
metal, either due to poor cleaning of the metal 
or excessive boiling during firing. Fish-scale is 
also a defect of cobalt ground coats, which 
sometimes resembles fish-scale in appearance and 
consists of wedges of the enamel that have 
split away. The causes are multifarious and the 
cure is not often found imtil the whole set of 
operations is made more exact and efficient. 
It has been ascribed to hydrogen (generated 
from the iron base, and steam liberated in firing) 
bursting from under the cold enamel, this enamel 
being too viscous at the firing temperature to 
permit its esc'ape. Keboiling has been referred to 
previously. 

Bibliography. —Further information on the 
science and technology of vitreous enamelling 
may be obtained from the following journals: 
The Journal and Abstracts of the American 
Ceramic Society ; Foundry Trade Journal ; 
Sheet Metal Industries ; American Enameler ; 
Better Enameling ; Ceramic Industry ; Ename- 
list ; Emailwaren-Industrio ; Keramische Rund¬ 
schau ; Stahl und Eisen Emaillerie. 

Amongst books on the subject, omitting those 
devoted only to the artistic side, are ; A. I. 
Andrews, “ Enamels,” Champaign, Illinois, 
U.S.A., 1935 ; J. Griinwald (trans. H. H. 
Hodgson), ” Enamelling on Iron and Steel,” 
London, 1909 ; L. R. Memagh, “ Enamels,” 
London, 1928 ; L. Stuckert, “ Die Emailfabrika- 
tion,” Berlin, 1929 ; M. Thiers, “ L’^maillage 
Industriel,” Paris, 1929. In addition there are 
the publications of the Porcelain Enamel 
Institute of Chicago. 

F. H. C. and L. R. B. 

E N A R GIT E. Copper sulpharsenate, 

CU 3 ASS 4 or 3 CU 2 S’As 2 Sg, occurring as ortho¬ 
rhombic crystals with perfect prismatic cleavages 
and usually a prismatic habit. Twinning on 
prism planes produces a pseudo-hexagonal 
form ; and the crystal structure is of the 
vmrtziie (hexagonal ZnS) type. The colour is 
iron-black with a metallic lustre ; sp.gr. 4 » 44 . 
It is not a common mineral, but in a few copper- 
mining districts, for example at Butte in Mon¬ 
tana, Morocooha in Peru, and in the Sierra de 
Famatina in Argentina, it is of some importance 
as an ore of copper and arsenic. 
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From the metallographic examination of 
polished ore specimens, different types of 
enargite have been distinguished. But the so- 
called “ green enargite ” is tcnnantite and “ pink 
enargite ” is farmiinite^ the true enargite being 
grey in colour. Famatinite, from the Sierra de 
Famatina, Argentina, is the corresponding 
sulphantimonate, Cu 3 SbS 4 . This, although 
anisotropic in reflected polarised light and 
apparently isornorphous with enargite, has a 
crystal structure of the zinc-blonde (cubic ZnS) 
type. LuzonitVy from Luzon, Philippine Islands, 
is an intermediate member or perhaps a mixture 
of the two (G. A. Harcourt, Amer. Min. 1937, 
22, 617). 

L. J. S. 

ENDIVE, Cichoriitm endiva Linn., a salad 
plant of the chicory family. The young leaves 
have a slightly bitter flavour and are eaten 
green or are blanched by tying up the young 
leaf crowns. Brussels or Batavian chicory is a 
variety of common chicory, C, ivlyhus, commonly 
described as French or broad-leaved endive. 


Winton (“Foods,’ 
following analyses: 

11. p. 

271) quotes the 


I. 

II, 

III. 

Water .... 

94-38 

93-88 

93-26 

Protein 

2-18 

1-36 

1-62 

Fat .... 

0-13 

0-13 

0-23 

N-free extract 

1-87 

3-27 

3-01 

Fibre .... 

0-61 

0-63 

0-96 

Ash .... 

0-83 

0-74 

0-94 


I. (!uiiy variety C. endiva crupa. 

II. Sinootli variety C. endiva pallida. 
in. Smooth “ cscarole.” 


The ash contains KgO 37-87, NagO 12-12, 
CaO 12 03, MgO 1-77, FcgO., 3-37, PgOg 2-99, 
S08 6-21, SiOg 24-62% (Richardson, Annalen, 
1848, 67, 377), together with AI 61 and 
Mn 36 mg. per kg. of dried leaves. The 
Zn content of outer leaves is 0*4 and of inner 
leaves 1*9 mg. per kg. fresh leaves (Bertrand ei 
cd.. Bull. Soc. hyg. aliment. 1928, 16, 457 ; 1931, 
19, 369 ; Peterson and Skinner, J. Nutrition, 
1931, 4, 419). 

A. G. Po. 

ENHYDROS v. CifALCEDONV. 

ENSILAGE is a process for conserving green 
crops in the succulent condition for feeding to 
livestock during winter. The ancients were in 
the habit of storing grain in pits in the ground, 
and it is probable that ensilage in its modem 
form can trace its origin to this primitive 
practice. The process of preserving green crops 
in pit silos, however, is of much more recent 
origin and was first practised in central Europe. 
The method did not attract much attention in 
this country until the second half of the last 
century, when, following a series of successful 
trials, Mr. George Fry published in 1885 a short 
account of his experiences. The practice spread 
later to the Unit^ States, where it gained a firm 
foothold as a result of the introduction of the 
tall cylindrical tower silo, a modification of the 
method that greatly reduced wastage during 
storage of the green crop. The favourable 


conditions in this region for the grow th of maize, 
which is the silage crop par excellence^ also helps 
to account for the popularity which this method 
of conservation achieved in the United States. 
The cylindrical stave silo was introduced into 
this country at the beginning of this century and 
quickly received the approval of farmers in 
many counties. It must be confessed, never¬ 
theless, that the importance of ensilage in farm 
husbandry has so far scarcely received from 
British farmers the recognition to which it is 
entitled. 

The production of silage from forage crops in 
tall tow ers reached the peak of its popularity in 
Great Britain about the year 1926, since when 
the building of silos of this type has been steadily 
on the decline. The farmer at the present time 
displays a much greater interest in the feasibility 
of achieving his purpose in low-built portable 
silos, pits, clamps and stacks, and shows little 
enthusiasm for the process if it is to involve 
him in such considerable initial expenditure as is 
required for the erection of a tall tower silo and 
the purchase of the nc'cessary chaffer and blower. 

Suitable Crops .—Maize is pre-eminently the 
best crop for silage in those parts of the world 
where soil and climate are suitable. In this 
country the summer usually is neither long 
enough nor hot enough to bring the crop to the 
desirable stage of maturity for ensiling, when the 
maize grains should be firm and in the “ glazed ” 
condition. It may be observed, however, that 
at least one early maturing variety, the French 
Jauno Gros du Domaino, has given ex cell out 
results when grown for silage in Cambridge and 
the southern counties. The most uniformly 
successful silage crops in Great Britain are 
mixtures of oats and vetches (or oats and peas) 
on light land, and oats, beans and vetches on 
heavy land. The following rates for autumn 
sowing, per acre, are recommended : on light 
land, 4-6 pecks of vetches with 8-10 pecks 
of grey winter oats ; on heavy land, 3-5 pecks 
of vetches with 8 pecks of winter beans and 
4—6 pecks of oats. 

Most of the common forage crops are suitable 
for conversion into silage with the exception 
of members of the cabbage tribe (Brassicaj). 
Meadow grass may be ensiled when conditions 
are unfavourable for hay-making, as may also 
grass cut late in autumn, and second and third 
cuts of mixed grasses and clovers grown on 
arable land. Sugar-beet tops, when not fed 
directly off the land, may be ensiled in pits or 
clamps. Owing to the relative deficiency of 
fermentable carbohydrate in the protein-rich 
crops, such as the leguminous green fodders 
(clovers, lucerne, etc.) and young, leafy grass, 
it is not always possible, when ensiling these 
crops, to secure a sufficiently rapid production 
of lactic acid to ensure successful preservation, 
but this difficulty may be overcome by the 
addition of a small proportion of readily 
fermentable carbohydrate in the form of 
molasses during the filling of the silo (see hehto). 

Making of Silage, —When filling a tower silo, 
which may be constructed of wood, concrete or 
steel, and may be 30 ft. or more in height and 
12-20 ft. in diameter, the green crop is chaffed 
and blown to the top of the silo by means of a 





ENSILAGE. 


309 


silage cutter and blower. As each layer of 
green chaff is spread out, it is firmly trampled so 
as to secure consolidation and exclusion of 
most of the air. The top layer particularly 
should be very firmly trampled and then 
covered with a good layer of moist, succulent 
material, such as ditch brushings, so as to 
minimize wastage at the surface as a con¬ 
sequence of mould action. If it is desired to 
ensure a rapid lactic fermentation by the use of 
molasses, the latter should be diluted with 
1-2 times its volume of water and used at the 
rate of about 25 lb. of molasses per ton of green 
crop. Layers of about 4 in. depth should be 
filled in at a time and sprinkled uniformly with 
the calculated amount of diluted molasses. 

In the modern A.I.V. method of ensilage 
(so called after its discoverer, A. I. Virtanen, of 
Finland), by means of which it is claimed that 
( hemical changes in the ensiled crop are reduced 
to a minimum, mineral acid is used as a pre¬ 
servative agent. The A.I.V. acid consists of 
hydrochloric acid in admixture with a little 
.sulphuric acid. The strong acid is first diluted 
in wooden tubs to twicc-normal strength and is 
used in such amount as to bring the pu of the 
fodder to between 3 and 4. In practice, the 
crop is filled into the silo in layers of 4-6 in., 
every layer being carefully spread in turn and 
then sprinkled or sprayed, by means of a rubber 
watering-can or brass pump, at the rate of 12-15 
gallons per ton of croj). Great care is necessary 
in this process in protecting the surface of the 
fodder after completion of filling, since moulds 
arc liable to develop in the surface layers of 
fodder thus treated with acids. As a further 
safeguard against the growth of moulds, the 
top layers are sometimes sprayed with a dilute 
acid solution containing a special anti-mould 
preparation, the chief ingredient of which 
is mustard oil. The main disadvantage of this 
method of ensilage is that the mixture of acids 
is not pleasant to handle and, before dilution, 
may be dangerous in unskilled hands. It is 
further necessary to ensure the neutralisation 
of the excess of mineral acid before feeding the 
A.I.V, silage to livestock. This is usually 
accomplished by adding finely ground chalk to 
the fodder before feeding at the rate of 5-6 lb. 
per ton of silage. 

The advantage of the modern low-built, 
sectional silo, not exceeding 20 ft. in height, is 
that it enables the cutter and blower to bo 
dispensed wdth. Such containers can also be 
dismantled and re-erected in, or near to, the 
field on which the silage crop is being grown. 
They are very suitable for the ensiling of young 
grass. Silage may also be made successfully 
in clamps, pits and trenches, or in stacks, 
but great care is necessary in these cases if 
successful conservation is to be achieved. When 
green crops are preserved in excavations in the 
ground, the silage is apt to have an offensive 
smell as a consequence of the production of 
butyric acid, and tho use of molasses is to be 
recommended in order to ensure a product of 
desirable odour and palatability. The process 
of filling should be intermittent, so that the 
successive layers may be permitted to heat 
to a temperature of 100-120°F. Such a 


temperature is a safeguard against the setting 
in of the undesirable butyric fermentation. 
It is of advantage, when feasible, to excavate 
two pits, so that filling into these may be carried 
out on alternate days. In calculating the dimen¬ 
sions of the excavation for the ensiling of a given 
weight of crop, it is useful to remember that 
1 cu. ft. of silage weighs on an average about 
40 lb. 

Chemistry of Ensilage .—When a green crop is 
chaffed and filled into a silo, cell-respiratory 
activity, which continues for some time, results 
in the oxidation of some of the carbohydrate of 
the fodder to carbon dioxide and water. The 
heat generated in this process is unable to escape 
readily from the compact material and is 
responsible for the rise of temperature that 
occurs soon after the green chaff is brought into 
the silo. Proteolytic enzymes pre-existent in 
the green crop act on the protein component of 
the fodder and cause it to be hydrolysed to 
amino acids to a marked extent. This change is 
illustrated by the accompanying figures for the 
composition, on the basis of dry matter, of green 
oats, vetches and beans and of silage made from 
this mixture. The lowering of the percentage of 
true protein as a result of ensilage and the 
consequent raising of the percentage of 
“ amides ” (non-protein nitrogenous substances) 
will be noted. 



dreen crop. 

Silage. 

Crude protein . 

/o 

9-69 

0/ 

/o 

9-86 

Ether extract . 

4-99 

5-24 

N-free extractives . 

51-22 

47-88 

Crude fibre .... 

26-19 

26-78 

Ash . 

8-81 

10-24 

True protein 

7-55 

4-05 

“ Amides ” . . . . 

2-14 

5-81 


Ensilage of green crops is invariably accom¬ 
panied by the production of organic acids. 
These are formed by the action of micro¬ 
organisms on the carbohydrate in the fodder. 
If the conservation is accomplished satisfactorily, 
lactic acid and acetic acid are the main acids 
present. Good maize silage, for example, 
contains about 0*4% of acetic a(ud, 0*9% of 
lactic acid and a trace of propionic acid. In the 
foul-smelling “ sour ” silage, however, butyric 
acid predominates. This type of silage is 
particularly associated with conservation in 
pits and clamps, but in these cases it is possible 
to ensure the desired lactic fermentation by the 
addition of molasses during filling. 

Types of Silage .—The temperature attained 
after filling the crop into the silo and the 
maturity of the crop at the time of cutting exert 
a pronounced influence on the t 5 rpe of silage 
produced. “ Sweet ” silage, with a pleasant 
smell not unlike that of over-heated hay, is 
formed when the temperature of fermentation is 
permitted to rise to 50°C. or beyond. Under 
these conditions, the fermentation is dominated 
by the lactic bacteria. “ Acid-brown ** silage, 
with a faint acidic smell suggestive of vinegar, 
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is produced from a reasonably mature crop of 
oats and vetches that has been allowed to wilt 
for a few hours after cutting so as to attain a 
moisture content of about 70%. The rate of 
filling is so controlled as to permit the successive 
layers of crop to heat up to 80-100°F. “ Acid- 

brown ” silage is the commonest form of silage 
made on the farm and is readily eaten by stock. 

“ Green fruity ” silage, possessing an attrac¬ 
tive smell because of the presence of traces of 
esters, is formed when oats and vetches arc 
ensiled, without wilting, in a medium stage of 
maturity, when the oats are in full milk and 
the vetch pods full-grown in length but with 
seeds barely half-formed. The temperature of 
fermentation in this case should be allow'ed to 
rise to about 80°F. The undesirable “ sour ” 
silage, with its offensive smell of butyric acid, is 
always apt to arise when a very immature and 
succulent crop is ensiled. The sappy material 
settles down so compactly that air, necessary 
for cell respiratory activity and the consequent 
rise of temperature, is too thoroughly excluded. 
The temperature rise in the ensiled crop is small, 
therefore, and under such conditions the butyric 
micro-organisms arc encouraged. The resultant 
“ sour ” silage contains a high percentage of 
butyric acid and little or no lactic acid. 

Feeding Value of Silage .—The available 
evidence shows that well-made silage has a 
digestibility and feeding value about equal to 
that of the green crop from which it is made. 
This statement is borne out by the results of 
determinations at Cambridge of the digestibility 
and nutritive value of hay and silage made from 
the same crop of oats and vetches. It will be 
noted that the dry food material in the hay, 
silage and green crop is digested to an almost 
equal degree and that the feeding values of the 
three types, as expressed by the starch values 
per 100 lb. of dry matter, are very similar. 
The figures illustrate also how storage of a 
crop in the silo or the stack leads to a definite 
increase in fibre digestibility. Since such 
fodders contain large amounts of fibre, this 
increase of digestibility becomes of considerable 
economic significance. 


Digestion Coefficients and Stakch Equi¬ 
valents OF Gkeen Fodder, Hay and 
Silage from Oat and Vetch Crop. 



Green 

crop. 

Hay. 

Silage. 

Dry matter .... 

% 

63-7 

% 

C6-0 

% 

64-1 

Crude protein. 

63-1 

68-2 

66-1 

Ether extract 

51-9 

36-8 

73-4 

N-free extractives 

76-5 

71-3 

70*6 

Crude fibre .... 

47-6 

68-7 

67-1 

Starch equivalent per 100 




lb. dry matter (lb.) 

44*9 

43-2 

45*6 


In the feeding of cattle, 100 lb. of silage con¬ 
taining about 70% of moisture has been shown 
to be equivalent to 36-40 lb. of hay containing 
about 16% of moisture. Since silage crops are 
sometimes grown as a substitute for roots, it is of 


interest to note that 6 lb. of silage (oats, peas, 
beans and vetches) can replace 10 lb. of man¬ 
golds plus i lb. of hay in the rations of dairy 
cows and fattening cattle. Typical maintenance 
rations for moderate-yielding dairy cows of 
10-11 cwt. live weight are: (1) 10 lb. meadow 
hay, 25 lb. oat and vetch silage; (2) 7 lb. 
meadow hay, 30 lb. mangolds, 20 lb. oat and 
vetch silage; (3) 10 lb. meadow hay, 4 lb. oat 
strawy 15-20 lb. oat and vetch silage. Experi¬ 
ments have shown that the inclusion of about 
30 lb. of mclassed grass silage in the winter 
rations of dairy cows will serve to maintain the 
colour and vitamin A potency of the milk at a 
level comparable with that of summer milk. 
Good silage is a very satisfactory food for 
weaning calves, since, being soft and succulent, 
it is easily masticated and digested. Dairy 
calves at about 3^ cwt. live weight may be 
receiving about 5 lb. of silage in their daily 
rations and this may gradually be increased up 
to 15-20 lb. at 7-8 cwt. live weight. It is also 
relished by sheep and may be fed in moderation, 
up to 14 lb. per day, to horses. On account of 
its fibrous character, however, it should not be 
given to bacon pigs in more than very small 
amounts. 

Losses During Ensilage .—The losses of food 
nutrient during ensilage are the result of (1) the 
oxidation of a small part of the carbohydrate 
of the crop as a conseciuencc of cell respiration 
during the early part of the storage period ; 
(2) the fermentation of carbohydrate by bac¬ 
terial agency ; (3) the carrying away of soluble 
constituents in the juice that drains from the 
silo. 

The production of good tower silage from a 
crop of oats and vetches, or similar mixture, 
may be accomplished with the minimum 
drainage losses when the moisture content of 
the ensiled fodder is about 70%. Under such 
conditions, the total losses during storage are 
usually not greater than about 10% of the dry 
matter of the crop as ensiled. This figure, 
however, is greatly increased when crops that 
are wet and sappy, as a consequence of 
immaturity (e.g. young grass) or from the 
inclusion of rain, are filled into the silo. The 
ensiling of green maize, containing about 82% 
of water, raises the loss to about 15%, whilst 
with sugar-beet tops, containing 86-88% of 
water, something like a quarter of the total food 
nutrient is lost during the conservation. The 
loss is particularly excessive when a very 
immature crop gives rise to the production of 
the “ sour ” type of silage. It may finally be 
noted that in the making of silage in pits, clamps 
and stacks, the loss of food material is usually 
much higher than that associated with ensilage 
in towers. This is due mainly to the relatively 
small amount of spoiling, from the action of 
moulds, that occurs in towers, under good 
conditions no more than the top 3-6 in. being 
affected. In clamps and stacks, on the other 
hand, the wastage at the top and the sides from 
mould action may be excessive unless great 
care is exercised in the making of such silage. 

Reference .— The reader who wishes to pursue 
the subject, both in respect of its scientific and 
practical aspects, beyond the limits of this 
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article, should consult H. E. Woodman and 
A. Amos, “ Ensilage,” Bulletin No. 37, Ministry 
of Agriculture and Fisheries (obtainable from 
H.M. Stationery Office, York House, Kings- 
way, London, W.C.2; price I 5 ., post-free 


E N ST AT IT E . Metasilicate of magnesium, 
usually with some ferrous oxide isomorphously 
replacing magnesia, (MgjFelSiOg, and with 
increasing iron passing into bronzite and 
hypersthene. It belongs to the orthorhombic 
series of the pyroxene group, and is of import¬ 
ance as a rock-forming mineral and as a consti¬ 
tuent of meteoritic stones. Very large, well- 
developed crystals, partly altered to steatite, 
have been found in the apatite mines at 
Kjorrestad in Bamle parish, Norway. Rare 
specimens, clear, transparent and of a rich green 
colour, are used as gem-stones. 

L. J. S. 

ENTEROKINASE. Extracts of fresh 
pancreas have no proteolytic activity, but they 
become active when mixed with the entcro- 
kinaae of the small intestine (Waldschraidt- 
Leitz, Z. physiol. Chem. 1924, 132, 181 ; 1925, 
142, 217 ; 1934, 228, 224). It has been con¬ 
centrated from the intestinal mucosa to several 
times in strength ; it is destroyed at 50°. Both 
its r61e and its chemical nature are uncertain. 
For its estimation, eee Bates (Proc. Soc. Expt. 
Biol. Med. 1931, 28, 1055). 

E. F. A. 

ENZYM ES. Enzymes are known to-day to 
be essential constituents of all living cells, but 
they arc themselves independent of the cell 
and are often termed biochemical catalysts. 
Many enzymes act as hydrolysing agents, and the 
reactions they catalyse take place in presence 
of an excess of water. The relative abundance 
of water is an important factor in governing the 
direction of the reaction and the position of the 
final equilibrium attained. 

It has been sought to differentiate between 
hydrolytic and other enzymes—oxidising and 
reducing—which in general are less specific 
in their action, but this is difficult to sub¬ 
stantiate since the methods of preparation and 
purification, as well as the general theory of their 
action, are common to both groups. 

There do exist, however, non-specific bio¬ 
chemical catalysts elaborated by the cell which 
are not destroyed by heating. Examples of 
these are glutathione^ ascorbic acid, cytochrome 
and adenylic acid. Increasing interest attaches 
to this group. 

It is customary to define enzymes in relation 
to the changes they effect. They are both 
specific and stereospecific. There have been two 
schools of thought regarding their chemical 
nature. To-day, one school regards them as 
known substances such as carbohydrates, 
proteins, etc., in a peculiar colloidal state and 
possessing their activity on account of the 
onergies characteristic of colloid systems. The 
other school, more definitely chemical, postulates 
that they are specific and definite chemical 
compounds such as the vitamins are proving 
to be. 


As an enzyme is purified the reactions shown 
by one or another of the usual groups tend to 
disappear. WiUst&tter’s conclusion, which 
coincides with that put forward some years 
previously by H. E. and E. F. Armstrong, 
is that they contain a specific reactive group 
attached to a large colloidal carrier. The 
specific group is correlated with or has some 
affinity for definite groupings in the substrate, 
and hence combinaton of enzyme and substrate 
is the first stage in an enzyme reaction. The 
activity of the enzyme disappears both when the 
substrate and enzyme are not geometrically 
compatible, and also when the larger colloid 
I aggregate is destroyed. 

On this hypothesis the molecule which is being 
hydrolysed must diffuse to the active group in 
the colloid aggregate, and the products of 
hydrolysis must diffuse out from it so that the 
rate of diffusion plays an important r6le. In 
studying enzyme reactions it is most difficult 
to hold all the factors constant except one 
variable ; traces of various substances which 
influence the colloid carrier may profoundly 
change the rate and the course of a reaction. 

Willstatter emphasised that the carrier must 
be both appropriate and colloidal. Accepting 
this definition Oppenheimer excludes non- 
colloidal catalysts from the definition of 
enzymes. 

In recent years great progress has been made 
in the isolation and crystallisation of several 
enzymes, largely due to the work of Northrop. 
The earlier attempts to isolate enzymes were 
made with small quantities of material in dilute 
solutions, a procedure largely unfavourable for 
proteins, since these are unstable in dilute 
solutions and easily injured by adsorption on 
surfaces. The work with pepsin was under¬ 
taken in concentrated solutions and at low 
temperatures, purification being accomplished 
by precipitation with ammonium or magnesium 
sulphate at various hydrogen ion concentra¬ 
tions and temperatures. Crystalline pepsin is 
easily prepared in large quantities from com¬ 
mercial preparations by precipitation with 
magnesium sulphate and then with dilute 
sulphuric acid (Northrop, J. Gen. Physiol. 1930, 
13, 739). 

Working on these lines, the following enzymes 
have been obtained in crystalline form: 

Urease (Sumner, J. Biol. Chem. 1926, 69, 435; 
70, 97) ; pepsin (Northrop, J. Gen. Physiol. 
1930, 13, 739) ; trypsin (Northrop and Kunitz, 
ibid. 1932, 16, 267, 295) ; chymotrypsin (Kunitz 
and Northrop, ibid. 1935, 18, 433) ; carboxy- 
peptidase (Anson, Science, 1935, 81, 467) ; 
amylase (Sherman, Caldwell and Adams, J. 
Biol. Chem. 1930, 88, 295 ; Caldw'ell, Booher 
and Sherman, Science, 1931, 74, 37) ; yeilow 
respiratory ferment (Warburg and Christian, 
Biochem. Z. 1932, 254, 438). 

These preparations are all proteins, and 
since enzymes have distinct and specific catal 3 rtio 
properties not possessed by ordinary proteins, 
they must possess characteristic chemical 
structures, i.e. dominant groupings or associa¬ 
tions of groupings. It is the determination of 
these which is the immediate problem to be 
solved in connection with enzymes. 
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These preparations have been subjected to 
fractional crystallisation without effecting any 
measurable change in physical or chemical pro¬ 
perties, or in specific activity. The conclusion 
therefore that they are pure substances is con¬ 
sidered to be justified. 

Inert proteins suspended in solutions of pepsin 
are known to remove most of its activity, which 
was considered, therefore, to be due to an 
active group in the pepsin protein. It has 
been shown (Sumner, Proc. Soc. Exp. Biol. Med. 
1933, 31, 204, and Northrop, J. Gen. Physiol. 
1933, 17, 165) that the pepsin protein itself is 
taken up by the foreign protein and that it 
may be removed from the complex by washing 
in strong acid or allowing the solution to 
autolyse. 

Changes in the enz 3 mui molecule caused by a 
variety of conditions result in a loss of activity. 
Inactivation is caused by strong alkali or acid, 
high temperatures and ultra-violet light, and 
also by digestion with other enzymes. I)e- 
naturation or hydrolysis of the protein molecules 
results in a corresponding loss in activity. 

The change of chymotrypsinogen into active 
chymotrypsin is accompanied by an increase of 
six primary amino groups per molecule. 

Acetyl derivatives of pepsin can be prepared 
of varying enzjunic activity. The first has three 
or four acetyl groups and has lost all the primar^*^ 
amino groups; its activity is unimpaired. 
The second, containing seven acetyl groups, 
has only 60% activity ; on standing in acid 
solution it loses some of these and regains its 
original activity. A third has about twenty 
acetyl groups and is almost inactive. It is 
indicated that the acetyl groups which decrease 
the activity are probably attached to the 
hydroxyl group of tyrosine (Herriott, J. Gen. 
Physiol. 1935, 19, 283). 

According to N. K. Adam (Nature, 1935, 
136, 499), enzymes consist essentially of colloidal 
protein particles, on a part of the surface of 
which there is a grouping of atoms which has 
specific adsorptive and activating properties. 
Substances in the surrounding liquid must both 
be adsorbed on this active patch and be activated 
when there ; there must be a highly specific 
relation between the structure of the active 
patch and the substrate adsorbed from solution 
for both those processes to occur. These surface 
patches do not appear to constitute any great 
part of the mass of the colloidal particle, for 
many pure enzymes activating very different 
reactions are so similar in general composition 
that ordinary chemical analysis cannot distin¬ 
guish between them. The enzyme may thus be 
regarded as a colloidal carrier having a specific 
local surface structure. The nature of the carrier 
is of importance, though it is secondary to the 
nature of the surface grouping ; if the carrier is 
changed the catalytic efficiency of the enzyme 
may, or may not, be changed. The complex 
phenomena of activation of enzymes are often 
due to the combination of two types of particle; 
and among the most important activators are 
the sulphydryl grouping and the iron-containing 
group of haemoglobin. 

With the simplest kinds of surface film, the 
unimolecular films at water-air surfaces, the 


structure is now so fuUy known that the size, 
shape, mechanical properties, orientation and 
motion of the molecules can be discerned in 
much detail. The links, also, with structural 
organic chemistry have been made secure by 
establishing the truth of Langmuir’s generalisa¬ 
tions that the surface films behave just as would 
be expected of a layer of floating objects having 
all the properties of the molecular models of the 
organic compound, and that the field of force of 
the surface is simply the aggregate of the chemical 
forces round the surfaces of the individual mole¬ 
cules. Fatty compounds and sterols may have 
any of a large number of different types of film; 
the molecules may stand upright, or lie flat, or 
oscillate through various positions, always, 
however, keeping the water-attracting end to the 
water. Proteins and the higher carbohydrates 
lie flat if there is sufficient space on the surface; 
they may tilt a little if compressed, but never 
stand upright. 

The modern “ grouping of atoms ” theory is in 
close harmony with the much older view that the 
enzymes are active centres or sections of a 
protein molecule, sometimes expressed in analogy 
with the metallic catalysts as active patches on 
the surface of a large protein aggregate. 

Factoks Influencing Enzyme Action. 

(i) Temperature .—The velocity of action 
increases as the temperature rises until an 
optimum is attained, after which the velocity 
decreases and the enzyme is sooner or later 
destroyed. An enzyme is often more resistant 
to an elevated temperature in presence of tire 
appropriate substrate. Generally speaking, the 
temperature coefficient for 10°C. rise is 2 or 
somewhat less. Destruction of most enzymes is 
complete at 80^. 

(ii) Influence of pu on Enzymes .—The reaction 
velocity of an enzyme is largely affected by the 

of the medium ; much of the contradictory 
literature is due to the failure to recognise the 
need of experimenting under conditions of opti¬ 
mum ph. The carbohydrate enzymes show a 
regular curve connecting pn with reaction 
velocity rising sharply to an optimum. Some 
oxidases show independence of pH over a wide 
range. Optimum pn often dependent on 
temperature and sometimes on substrate con¬ 
centration. In instances where one enzyme acts 
on a number of different substrates the relation 
between pg and activity may be different for 
each. The optimum pg is also affected by the 
presence of co-enzymes or activators. 

Taking all the enzymes under survey the most 
usual optimum pn is about 6 ; the carbo- 
hydrases show optima from 3*8 to 7*6, the lipases 
between 6 and 8 ; the enzymes which act on 
bases require a medium more alkaline than 
Ph 7, which suggests that they act on the free as 
opposed to an ionised base. 

(iii) Activators and Inhibitors .—Enzyme 
activity is increased by certain non-specific 
substances as well as by specific substance 
termed co-enzymes, of which co-zymase (in 
yeast and lactic acid fermentations) is an 
example. Toxic to, or inhibitors of, enzyme 
action are salts of heavy metals, certain 
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organic substances, H C N , etc. The study of the 
reason for the action of these inhibitors is serving 
to indicate the presence of certain active 
groupings in the enzyme molecule. In this 
connection Palmer (J. Amer. Chem. Soc. 1922, 
44, 1527) has found that formaldehyde in small 
quantities inactivates proteolytic enzymes, 
but has very little effect on lipase. On the other 
hand, traces of iodine, and to a less extent 
bromine, almost inhibit lipase activity, suggest¬ 
ing that it may have a structure more or less 
of the nature of an unsaturated fatty acid. 
Iodine has no action on proteolytic enzymes. 

Extraction of Enzymes. 

The usual methods of extracting from cellular 
matter consist in chopping, grinding with sand, 
freezing followed by thawing, autolysis, great 
pressure to separate the cell juice, etc. Aqueous, 
dilute alcohol, acetone or glycerol extracts 
are made. Such often yield precipitates of 
active enzyme when alcohol or acetone is 
added. Eractional salting out is often used 
with advantage. Now that refrigeration is 
w'idely available, it is sometimes useful to 
extract at about 0^'C. 

Purification by Adsorption. 

Latterly great advances have been made in 
the purification of the enzymes. The adsorption 
method rediscovered by Michaclis and Ehren- 
reich (Biochem. Z. 1908, 10, 283) has been 
developed to a very exhaustive technique by 
Willstatter and his colleagues. It is based on 
the fact that enzymes are removed from solution 
by a variety of adsorbents—a list of forty 
substances is given by Kraut (C. Oppenheimer, 

“ Methodik der Fermente,” 1929, p. 445). 
The enzyme can be removed or eluted from the 
adsorbent by altering the and thus the 
electric charge on the enzyme, adsorl)ent or 
both. The adsorbability depends not on its 
own charge, but on that of a complex formed by 
the enzyme with some other substance. 

The most important adsorbents are a variety 
of aluminium hydroxides, kaolin and charcoal. 
The variations possible are shown by the fact 
that of six different preparations of aluminium 
hydroxide (Willstatter and Kraut, Ber. 1923, 56, 
[B], 149, 1117 ; 1924, 57, [B], 68, 1082) two 
adsorb yeast maltase preferentially to saccharase, 
the others having the opposite effect. 

The determining factor in adsorption is the 
pH. Elution is effected by changing this or by 
adding a specific eluent. Peroxydaso adsorbed 
by kaolin is eluted with dilute ammonia ; 
saccharase is best eluted by means of a phosphate 
or arsenate. 

Other methods of purification involve dialysis 
and electrodialysis. 

Willstatter’s method of adsorption and elution 
of enzyme mixtures has made their separation 
from one another possible. Thus the pancreatic i 
mixture has been separated into amylase, i 
lipase and trypsin (Z. physiol. Chem, 1923, i 
126, 132 ; 126, 143 ; 1926, 161, 191), and the j 
yeast enzymes have been separated into protease^ 
ffuctosidase and glucosidase* 1 


» According to Tauber (J. Biol. Chem. 1936, 
: 118, 763) cotton exerts selective adsorption 
I towards enzymes and has the advantage that no 
1 contamination of the enzyme material takes place. 

The Kinetics of Enzyme Reactions .—The 
literature is full of papers on this subject, 
many of which have only helped to obscure it 
owing to the neglect to observe the necessary 
experimental precautions, in particular to work 
in buffered solutions near the optimum Ph* It is 
possible, however, to draw certain clear con¬ 
clusions w hich differ very little from those first 
established thirty years ago. 

1. When the activity as a catalyst of a really 
active enzyme is raeasiired, the velocity of the 
reaction is invariably constant for a consider¬ 
able part of the change, during which an appreci¬ 
able fraction of the substrate is hydrolysed. 
Under such conditions the small amount of 
active enzyme is all combined with the substrate 
and a minimum of disturbance, if any, is 
caused by the reaction products uniting with 
the enzyme. 

2. When the velocity falls off during the 
reaction, any of the following factors listed by 
Haldane may be influencing the enzyme : 

(a) Incomplete saturation as the substrate 
concentration falls. 

(I/) Reversible union of part of the enzyme 
with the reaction products. 

(c) Reversible union of part of the enzyme 
with the 811 bstratc to an inactive complex. 

((/) Irreversible destruction of the enzyme. 

(e) Changes in pn- 

(/) Changes in the state of aggregation of 
the substrate, as in the hydrolysis of 
colloids and emulsions. 

(y) Changes in the reaction measured, as 
when lipase is used to catalyse the 
successive hydrolysis of tripalmitin, 
dipalmitin and monopalmitin. The 
catalysis itself may be regarded as a 
series of consecutive reactions the 
slowest of which is actually measured, 
and it is probable that, as action pro¬ 
ceeds, first one and then another of the 
series becomes the slowest. 

(h) Changes in the state of aggregation of 
the water molecules. This is especially 
marked in strong solutions when 
enzymes are being used for synthesis. 

The well-known logarithmic curve of a uni- 

molecular reaction, KC=log,^-^, often accurately 

represents an enzyme change, especially when 
(a) above is the predominating factor. It has 
no real significance any more than the much 
more complicated mathematical expressions 
which have been suggested, and, as Haldane 
states, the nature of a reaction is best deduced 
from several rough curves representing its course 
under different conditions. 

The position is still, as stated by Arrhenius 
(Z. angew. Chem. 1923, 36, 455), that the best 
investigated enzyme reactions are of zero order, 
i.c. the quantity of substrate converted is 
proportional to the time. 

This simple law depends on the substrate 
being in large excess of the enzyme, and excep- 
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tions to it occur when this condition is not 
realised, when the enzyme becomes decomposed, 
and when the reaction products enter into the 
reaction. Eyre and jDavis (J. Inst. Brew. 
1933, 89, 103) have made the novel suggestion 
that hydrolysis is discontinuous, occurring by 
single or successive parabolic paths. 

These matters are more fully discussed in 


the Seventh Report of the Committee on 
Contact Catalysis, by Armstrong and Hilditch 
(J. Physical Chem. 1929, 88 , 1441). 

The following list indicates the better known 
enzymes divided into classes, the substra-tes on 
which they act and the end-products of the 
reaction. Fuller accounts of the individual 
enzymes are given under the respective headings. 


1. Enzymes wiiicn Hydrolyse Esters Esterases. 


Bubstrate. 

Lipases; (1) Pancreatic .... Fats 

(2) Liver.Eaters of simple alcohols 

( 8 ) Ricinus.Fats 

Chlorophyllase.Chlorophyll 

{Does not hydrolyse fats.) 

Tannase.Tannin 

{Onlyhydrolyses esterswiih a 2)henoUc 
acid component.) 

Pectase.Pectin 

( 8 ioline Esterase.Cholesterol esters 

(Differs from lipase .) 


End products. 
Glycerol-f fatty acids. 
Alcohol 8 +fatty acids. 

Chlorophyllide f phytol. 

Glucose-bgallic acid. 


Methyl alcohol-}-pectic acid. 
Cholesi erol-}- R • C O O H . 


Phosphatases play an important part in bone 
and muscle metabolism, lactation and alcoholic 
fermentation. They hydrolyse numerous 
organophosphoric compounds ; ( 1 ) Phospho- 

monoesterases split mono-esters of orthophos- 


phoric acid; ( 2 ) phoajdiodiestcrases split one 
linkage only in a dicsterified orthophosphoric 
acid (Folley and Kay, Ergebnisse Enzym- 
forschung, 1936, 5, 169). 


Substrate. End products. 

Phosphatase.Hexose phosphate Hexose-f phosphate. 

Nuclease.Nucleic acid Nucleoside-f-H 3 PO 4 . 

Phytaso.Phytin TnositoH- H3PO4. 

Lecithinase.Lecithin (’holine-f H 3 P 04 'f fat. 

8 ulphatase.Phenol sulphates Phenol-}- KHSO4. 


{Sulphatase does not act on alkyl 
sulphates or sulphur glycosides; 
it is quite different from myrosin.) 


II. Enzymes which Hydrolyse Carbohydrates. 


Substrate. 

Sucrase (invertase).Sucrose 

a-Glucosidase (maltase) .... Maltose and a-glucosides 


j3-Glucosidase (eraulsin, prunase) . 

a-Galactosidase (melibiase) 
/S-Galactosidase (lactase) . 

Primeverase. 

kStrophantobiase. 

Gease, vicianase. 

Erythrozyme. 


. Cellobiose, jj-glucosides 
. Melibiose 

. Lactose and /3-gala(do 
sides 

. Glycosides 
. iStrophantosides 
. Vicianin 
. Madder 


Rhamnase 
Myrosin . . . . 

Amylase (diastase) . 
CeUulase (cytase) 
Lichenase 
Mannanase . 

Inulase . . . . 

Chitinase 
Pectinase . , 


Rhamnosidcs 

Sinigrin 

Starch and glycogen 

Cellulose 

Lichenin 

Mannans 

Inulin 

Chitin 

Pectin 


End products. 

Glycose-f y-fructose. 

Glucose, a-glucose-}-aglii- 
cones. 

Glucose, )3-glucose+aglu- 
cones. 

Glueose-j- a^galactose. 

Glucose + /S-galactose, 
galactose-}- aglucone. 
Primeverose-j- aglucones. 
Glucose-}- cymarin. 
Vicianose-f aglucones. 
Glucose 4- hydroxyanthra- 
quinones. 

Rhamnose-f- aglucones. 
Glucose-h allylwothiocyanate. 
Maltose. 

Glucose. 

Cellobiose. 

Mannose. 
a-Fruotose. 
Aoetylglucosamine. 
Gala^uronio add. 
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III. Enzymes Hydeolysinq Peoteins. 


Substrate. 

1. Bennin.Casein 

(Bennin is a thioprotein.) 

2. Pepsin.Native proteins 

{Pepsin is an albumin of gastric 

origin.) 

3. Trypsin.Native proteins 

{Trypsin is of animal {pancreatic) 

origin.) 

4. Papain (bromelin).Native proteins 

{Papain is of vegetable origin.) 

5. Protaminases.Protamines 

ti. Polypeptidases. 

(a) aminopolypeptidases, (6) prolyl- 
peptidase, (c) carboxypolypeptidases, 

{(i) dipeptidase, (e) debydropeptidase. 


End products. 
Paracasein. 

Proteoses f peptones. 
Polypeptides f amino acids. 
l\)lypeptid(;s4-ainino acids. 


Asparaginase 

Aspartasc 

Urease .... 
Arginase .... 
Histozyine . 
Guanosin desamidase 
Adenosin desamidase 
Xantbosinase 
Inosinase.... 
Guanase .... 
Adenase .... 


IV. Amidases. 

Substrat(“. 
Asparagin 
Aspartic acid 
Urea 
Arginine 
Hippurie acid 
Guanosine 
Adenosine 
Xanthosine 
Inosine 
Guanine 
Adenine 


J'bid products. 

Aspartic acid-f ammonia. 
Fumaric acid4-ammonia. 

(Virbon dioxide j ammonia. 
\ I rea-|- ornithine. 

Benzoic acid-f glycoooil. 

(i iianine-f pentose. 
Adenine+ pentose. 
Xanthine-f-pentose. 
Hypoxanthiue f pentose. 

X arithine+ammonia. 
Hypoxanthine f ammonia. 


V. Oxidising Enzymes. 

Dehydrogenasesy i.e. anaerobic oxidases. These 
activate hydrogen in the substrate and convert 
non-reducing substances into active reducing 
substances. Members of this group are: 
Succinic, Malic, Lactic, jS-Hydroxy butyric, 
Citric, Alcohol, Glyccrophosphoric, Hexose- 
diphosphoric. Aldehyde, Glucose and Amino 
acid dehydrogenases. 

OxidaseSf i.e. aerobic oxidases. These oxidise 
substances which have already some reducing 
power and are slowly oxidised by air without the 
aid of a catalyst. Members of this group are : 
Peroxidase, Tyrosinase, Lacase, Indophenol 
oxidase, Uricase and Ascorbic acid oxidase. 

Catalase (H,0,->H,0+0,). 

Flavin oxidation system. 

Zymase. 

Carbonic anhydrase (H2C0g->C02+HgO). 

Luciferase. 

Enzymes in Industey. 

Enzymes play a r61e in many industries, 
notably that of brewing, but their use in an 
isolated or partly purified state is as yet largely 
in its infancy. 

Lipase from castor-oil seeds has been used in 
Germany to hydrolyse fats in the manufacture 
of soap stock and glycerin. A full description 
of the technical process is given by Hoyer in 
Op^nheimer’s “ Technologie der Fermente,” 
2. Halbband 1929, p. 1. Ricinus lipase has been 
purified by Wills^tter and Waldschmidt-Leitz, 


but at the expense of yield (Z. physiol. Chom. 
1924, 134, 161). 

For the cheese industiy the preparation of 
rennet at factories, “ Kunstlab,” as well as in 
the dairies, “ Naturlab,” is necessary. It is 
made from the dried stomach of the calf. 

Bennin acts on the caseins, converting them 
into paracasein, another protein having different 
properties. Its action, according to Palmer and 
Richardson (“ Colloid Symposium Monograph,” 
Vol. HI, p. 112, of the Amer. Chem, Soc.), is to 
increase the number of free acidic groups so 
that paracasein binds a greater amount of 
alkali per gram than casein. 

In the leather industry enzymes play a part 
the importance of which is being increasingly 
realised. Their action is summarised by J. T. 
Wood (Ind. Eng. Chem. 1921, 13, 1135) and by 
Gerngross (Oppenheimer, op. cit.y p. 44). 

Ferment preparations find numerous applica¬ 
tions in the pharmaceutical industry, and many 
patents have been taken out to cover the 
methods of their preparation. These include 
those from the pancreas, yeast, eropsin, peroxy- 
dase, yoghurt bacillus, etc, 

Maltase is active during the preparation of 
malt extracts which are used to supplement the 
enzymes of flour in the baking industry. 

Diastase preparations made from malt, 
pancreas or bacteria are extensively used for 
destarching in the textile industry. There is a 
growing patent literature covering these prepara¬ 
tions. 

The detailed preparation of AspergiUua 
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oxyzm enzymes is described by Harada (Ind. 
Eng. Chem. 1931, 23,1424). The product is used 
in the East for the manufacture of foods, on 
account of its content of diastase and protease. 

Oxidations effected by means of the lower 
fungi have now become of technical importance, 
both gluconic acid and citric acid being manu¬ 
factured in this way {v. Citric Acid). 

Recent reference works on enzymes : J. B. S. 
Haldane, “ Enzymes,” Longmans, Green & Co., 
1930; Nord and Weidenhagen, Ergebnisse der 
Enzymforschung, Leipzig, 1932-8,yearly; H. von 
Euler, “ Chemie der Enzyme,” Miinchen, J. F. ’ 
Bergman, 1925-34; C. Oppenheimer, “ Die Fer- 
mente,” Leipzig, 1929, Supplement 1035 
onwards; H. Tauber, “Enzyme Chemistry,” 
i^rondon, Chapman «& Hall, Ltd., 1937; K. 
Bemhauer, “ Die oxydativen Giirungen,” 
Berlin, J. Springer, 1932. 

E. F. A. 

EOSIN. Potassium tetrabromofluorescein 
(I) is prepared by broniinating fluorescein either 


Br Br 



II. 


directly in glacial acetic acid solution or on 
the largo scale by acidifying an alkaline solution 
of fluorescein containing also bromide and 
bromate, dissolving the precipitated dye in 
aqueous potassium carbonate and evaporating 
to crystallise. 

Eosin forms dark-brown crystals with a 
green lustre and is a brilliant scarlet dyestuff 
with a marked fluorescence in alkaline solution 
lending it some value as an adsorption indicator 
(C. Oandea and I. G. Murgulescu, Ann. Chim. 
Anal 3 rt. 1936, fiiij, 18, 33). It is used com¬ 
mercially in the manufacture of red inks, to a 
smaller extent as a dye for silks and paper, 
for dyeing cellulose esters (U.S.P. 1789122) and 
in the cosmetic industry (H. S. Redgrove, 
Manufac. Chemist Pharmac. Cosmetic Perfume 
Trade J. 1935, 6, 123). 

Eoein aolvhh in spirit (methyl eosin) is the 
methyl ester obtained by boiling eosin with 
sddium hydroxide and methyl iodide. Eosin S 
(B) is the ethyl ester. Simultaneous dinitration 


I and debromination of fluorescein yields Eosin 
Scarlet (II). 

A number of halogenated fluorescein dyestuffs 
related to eosin include the erythrosins (iodo-), 
phloxins (chloro-bromo-), Bose Bengale (iodo- 
chloro-) and the antiseptic mercurochrorne 
(mercuro dibromofluorescein). 

E P H EDIN E Epiiedrine. 

EPHEDRINE, PSEUDO-EPHEDRINE 
and RELATED BASES. The genus Ephedra 
(Fam. Gnctaccic) contains some forty species of 
much branched shrubs, occurring in the warm 
temperate zone. E. vulgaris Rich. {-~E. 
distachya L.), from the coasts of S.W. Europe 
and the Black iSea, was already recommended 
by Dioscoridcs, and from it Nagai (Pharra. Ztg. 
1887, 32, 700) isolated the alkaloid ephedrine, 
CioHjsON, and Merck (Merck’s Jahrcsbericht, 
1893, 13) the isomeric ^-ephedrine, which alone 
is present in E. vulgaris var. helvetica (Miller, 
Arch. Pharm. 1902, 240, 481). About 1886 
attention was directed to E. andina^ a native 
South American drug, and later ephedrine came 
into moderate use as a mydriatic. It was, 
however, not until the pharmacological pro¬ 
perties of this alkaloid were investigated by 
Chen and Schmidt (J. Pharm. Exp. Ther. 1924, 
24, 339 ; Chen, J. Amer. Pharm. Assoc. 1926, 
14, 189), in relation to that of adrenaline (which 
has a similar structure), that further extensive 
applications were found. This led to the 
extraction of vast quantities of ephedrine from 
the Chinese drug Ma Huang^ which is par¬ 
ticularly rich in the alkaloid and had been 
[ employed for 5,000 years ; it also led to the 
industrial production of synthetic ephedrine and 
related substances, so that of late years the 
literature has become very extensive. Ephedrinse 
Hydrochloridum was added to the British Phar¬ 
macopoeia in 1932. 

Ephedrine forms colourless crystals with 
iHgO, m.p. 3.5-42°, b.p. 255°, [a]^ -6*3° ; the 
distilled anhydrous base, m.p. 73-74°y is very 
hygroscopic ; soluble in water, alcohol and 
ether. The hydrochloride (B.P.) has m.p. 
217-220°, [a]j) —36° in water. 

t/f-Ephedrine (i«oephedrine) crystallises from 
ether in rhombic tablets, m.p. 118°, [ajp +50°, 
and is sparingly soluble in water, readily in 
alcohol and ether ; the hydrochloride has 
m.p. 182°, [a]j) +62°. The aurichlorides of 
both alkaloids decompose on boiling in aqueous 
solution, yielding benzaldehyde and methyl- 
amine, recognisable by their odours. The 
colour reaction given in the British Pharma¬ 
copoeia is reminiscent of that for biuret ; to 
0*01 g. in 1 c.c. H 2 O there are added 0-1 c.e. 
copper sulphate solution and then 1 c.c. sodium 
hydroxide solution ; the mixture becomes violet, 
and on shaking with 1 c.c. of ether, the latter 
becomes purple, and the aqueous layer blue. 
For qualitative reactions of ephedrine and 
related derivatives, see Feng and Read (J. 
Amer. Pharm. Assoc. 1933, 22, 1241). 

The constitution of ^-ephedrine was first 
investigated by Ladenburg and Oelschl&gel 
(Ber. 188D, 22, 1823), who assigned to it the 
correct constitution 

CeH6CH(OH)CH(NHMe)CH3. 
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Ephedrino and ^-ephedrine are interconvertible, 
e.g, by boiling hydrochloric acid, which yields an 
equilibrium mixture, or by acylation and 
subsequent hydrolysis ; this led to their recogni¬ 
tion as stereoisomerides. They contain two 
asymmetric carbon atoms, and four optically 
active and two racemic forma are possible. At 
first the isomerism was regarded as structural, 
but this view became very unlikely when it was 
shown that the Hofmann degradation of both 
alkaloids yields l-phenyl-2-methyl-ethylene 
oxide (Rabe, Ber. 1911, 44, 824, where see older 
references). The stereoisomerism was con¬ 
firmed {e.g. Schmidt, Arch. Pharm. 1914, 252, 
89 ; 1915, 253, 52) and the constitution of both 
bases finally proved by synthesis, most con¬ 
clusively by Spilth and Gohring (Monatsh. 1920, 
41, 319), who obtained rff-jA-ephedrine, which 
was resolved into natural d-«^-ephcdrine and the 

form ; these optically activ^e bases, on heating 
with hydrochloric acid, yielded respectively 
natural Z-ephedrine and the d- form. The 
difference between ephedrine and ^-ephedrine is 
limited to the carbon atom bearing the hydroxyl 
group, for when this group is replaced by 
hydrogen, the same desoxyephedrine results 
from both alkaloids. The configuration of these 
and allied bases has been determined by Leithe 
(Ber. 1932, 65, [BJ, 060) and by Freudenberg 
and Nikolai (Annalen, 1934, 510, 223). The 
above desoxyephedrine and all natural 
ephedrines can be connected with (4-)a-benzyl 
ethylaminc, and ephedrine with (-~)r/-mandelic 
acid, which leads to the following formulae : 

C«H5 C.Hs 

HOCH HCOH 

I I 

MeNHCH MeNHCH 

I I 

CH, CH, 

Z-ephedrine d-^-epliedrliie 

The chief source of natural ephedrine is the 

Chinese drug Ma Huang, of which already, in 
1928, 300 tons wore exported ; it is derived from 
E. sinica Stapf with 1 *3% or from E, equisetina 
Bunge with 2*0% of ephedrine. E. vulgaris 
contains less ; it is significant that a trace of 
/-ephedrine (0*0017%) was obtained by GuUand 
and Virden (J.C.S. 1931, 2148) from the leaves 
of the yew (another Gymnosperm) and that 
Wolfes (Arch. Pharm. 1930, 268, 81) has 
identified cathine from Catha edulis (an Angio- 
sperm) as (-f )nor-^-ophedrine. The large-scale 
manufacture of ephedrine has led to the dis¬ 
covery of a number of subsidiary alkaloids in 
Ma Huang ; N-methyl-/-ephedrine, no^-^/-^- 
ephedrine (Smith, J.C.S. 1927, 2056; 1928, 51) 
and nor-/-ephedrine (Kanao, Ber. 1930, 63, 
[B], 95). These three bases all have the 
same configuration as ephedrine or ^-ephedrine, 
but ephedine (Chou and Mei, Chinese J. Physiol. 
1934, 8 , 161) is entirely different ; CgH^gOgNj, 
m.p. 76®, optically inactive, very volatile; it has 
no effect on the pupil of the eye and lowers the 
blood pressure; it is a residual base from Ma 
Hmng. /-Norephedrine and /-N-methyl- 
epliodrine occur along with ephedrine and 1 


ephedrine in E. vulgaris (Wolfes, Arch. Pharm. 
1930, 268, 327). The two principal alkaloids 
also occur in some Indian species {E. intermedia, 
E. gerardiana), but are absent from E. Calif arnica 
and E. Nevadensis ; E. alaia contains 1% of 
0-ephedrine (Black and Kelly, Amcr. J. Pharm. 
1927, 99, 748). The name ephedrine has also 
been applied by Spehr (Pharm. Zeitsch. Russl. 
1892, 31, 1, 17, 101) to a base, CigHj^ON, m.p. 
112°, from the root of the Bessarabian drug E. 
monostachia Linn. It is not mydriatic, but a 
local aniBsthctic. 

Much attention has lately been given to the 
industrial synthesis of ephedrine and related 
bases, to which numerous patents refer ; 
(//-ephedrine hydrochloride was thus introduced 
in 1926 by E. Merck under the name ephetonin ; 
ephetonal is its p-amino derivative and is said 
to be less toxic than ephedrine (G.P. 511469). 
Later patents aim at producing /-ephedrine, 
for which the necessary resolution may be 
effected by means of N-phenyl-jS-methylglycine- 
amide-p-arsonic acid (Fourneau and Nicoliteh, 
Bull. Soc. chim. 1928, [iv], 43, 232), or of 
mandelic acid (Manske and Johnson, J. Amer. 
Chem. Soc. 1929. 51, 1906 ; U.S.P. 1867274), 
or of tartaric acid. 

One route of recent synthesis is illustrated by 
the method of Manske and Johnson (J. Amer. 
Chem. Soc. 1929, 51, 580), who condensed a- 
phenylpropanc-a-^-dione with methylamine 
and reduced the unstable methyliraino compound 
catalytically to (//-ephedrine ; in contrast 
to earlier syntheses little 0-ephedrino is 
thus formed. Knoll A.-G. have suggested the 
preparation of optically active a-phenyl-a- 
hydroxy-jS-keto-propane by Ncuberg’s fermenta¬ 
tion process, and its reduction to /-ephedrine in 
the presence of methylamine (c/. also G.P. 547174, 
B.P. 365535, 365540, 365541). Another method 
consists in the preparation of dZ-N-benzyl- 
ephedrine by the reduction of the corresponding 
ketone, the resolution of the benzyl derivative 
by tartaric acid, and the ultimate elimination 
of the benzyl group by catalytic reduction ; the 
N-benzylephedrine may bo made from a- 
benzoyl-a-bromoethane and benzylamine, with 
subsequent methylation (B.P. 297385, 318488; 
G.P. 527620, 538455). A quite different syn¬ 
thesis of (//-ephedrine starts from phenylnitro- 
propylene (G.P. 554553). For conversion of 
/-ephedrine to cZ-«^-ephedrine, see G.P. 585164. 

Pharmacological Properties. —In 2-5% solution 
ephedrine has long been used as a mydriatic ; 
it is somewhat remarkable that this action is 
only pronounced in the Caucasian race, not in 
Chinese or negroes. Ephedrine raises the 
blood pressure, but is 350 times less active than 
adrenaline ; the /- variety is about twice as 
potent as the racemic substance. Hence 
ephedrine may be given orally to counteract a 
low blood pressure, for instance, in spinal 
analgesia. Like adrenaline it causes vaso¬ 
constriction when applied locally to the nasal 
mucous membrane, hence its use in hay fever, 
etc. The most important modern application 
of ephedrine is, however, to counteract the 
bronchial spasm in asthma. For the compara¬ 
tive pharmacology of adrenaline, ephedrine 
and other sympathomimetic amines, see Riih 



318 


EPHEBRINE, PSEUDO-EPHEDBIKE AND RELATED BASES. 


(Arch. Exp. Path. Pharm. 1931, 164, 8) and 
Pedtien, Tain ter and Cameron (J. Pharm. 
Exp. Ther, 1935, 55, 242) ; for a general account 
of ephedrine, see Chen (J. Amer. Pharm. Assoc. 
1931, 20, 110) and a monograph by K, K. Chen 
and C, F. Schmidt (“ Ephedrine and Related 
Substances,” Baltimore, Williams and Williams, 
1930). 

Benzedrine {amphetamine)^ phenyl^opropyl- 
amine, CHaPh'CHMeNHg, was originally 
introduced as a substitute for ephedrine to induce 
shrinkage of the nasal mucosa (r/. Detriok, 
Millikan, Modern and Thienes, J. Pharm. Exp. 
Ther. 1937, 60, 56), This substance was, how¬ 
ever, found also to have a remarkable effect on 
the central nervous system, causing a feeling of 
confidence and alertness. The ('fleet is not 
merely subjective, but seems actually to shari)en 
the intellect in intelligence tests (Sargant and 
Blackburn, Lancet, 1936, ii, 1385). 

0. B. 

EPHETONAL v. ErjiEDUiisK (this Vob, 
p. 317c). 

EPHETONIN EruEDRjNK (this Vol., 
p. 317c). 

EPIBORNEOL and EPI/soBORNEOL. 

l-Kpiborneol (II), m.p. 181-182-5°, phenyl- 
urethane, m.p. 82°, was prepared by Bredt and 
Perkin (J.C.S. 1913, 108, 2222) by the reduction 
of Lepicamphor with sodium in ethyl alcoholic 
solution. Although the alcohol itself is appar¬ 
ently inactive, the S:^-di7iiirobenzoate, m.p. 105°, 
has fa]p -f 30° in toluene (Lipp and Bund, 
Ber. 1935, 68, [BJ, 249). The isomeric alcohol, 
l-epiimborneol, m.p. 194-5°, [ajj) -f 13*2° in 
ioiuGnet phe.nylurethane, m.p. 94-98°, [a)i, +33 ’ 
in toluene, S:5‘diniirobenzoate, m.p. 120°, fajp 
+ 35°, has been prepared by Lipp and Bund 
(l.c.) l)y the catalytic hydrogenation of /-epi- 
camphor using a platinum black catalyst. If 
the sodium derivative of this alcohol is heated 
in toluene solution at 230° for seven hours it is 
converted into Lepiborneol, 

LEpiborneol (11) has been obtained also by 
Bredt and Pinten (J. pr. Chera. 1927, [ii], 115, 
45) from bornyl chloride (I) in accordance with 
the scheme given below : 

CIHC-CMe—CHo 

I 

CMeo 

I 

HgC-CH-CHa 

I. 


EPICAMPHOR ()9.CAMPHOR). Z- 

Epicamphor (II), m.p. 182°, b.p. 213°, [ajj, 
—58*21° in benzene, was first prepared by 
Lankshear and Perkin (Proc. Chem. Soc. 1911, 
27, 167) from A-camphane-^-carhoxylic acid (I) 
by the reactions set out below : 






CH, 

Cl 
I. 

CHo 

j I 

C(OH)C02H 


-■X CgH 


14 ' 


/CHj 

CBr-COgH 


.CH^ 

C(OAc)C02H 



CHj - 

-CMe- 

CH, 

1 

CMcg 

1 

CHg- 

__CH- 

—CO 


II. 


Shortly afterwards Bredt and Hilbing (Chom.- 
Ztg. 1911, 35, 765) prepared the ketone by 
digesting the azide of d-bornylene-Z-carboxylic 
acid (III) with hydrochloric acid (Bredt- 
Savelsberg and Bund, J. pr. Chem. 1931, [ii]. 


131, 4f)). 

.CH 

CH 

C*H„( 

/ 1 HCI 

/ 

XNH 


\cc 0 N 3 


III. 

1 

\ 


/CH 3 

/CH, 


\ 1 

C«H,/ 1 


\co 

\C:NH 


11 . 



Bredt and Perkin (J.C.S. 1913, 103, 2182) 
devised an improved method for the preparation 
of the ketone, starting from d-bomylene-Z- 
hydroxamic acid (IV), which enabled them to 
obtain the ketone in quantity sufficient for a 
detailed study. 


CrOg 


Na-} EtOH 


CIHC-CMe—CHo 


CMe, 


HgC 


-CH-CO 


-CMe—CHg 
CMe. 

-Ah- 


CHOH 


II. 


C«H, 


CsH, 


CH 

II -^ 

CC(OH):NOH 

IV. 


II. 



Distillation of methyl Lepibornylxanthate yields 

Z-Wnylene, [ajj) —184°. 

J. L. S. 


Probably the most convenient method for the 
preparation of the ketone is by the reduction 
of hydroxyepicamphor ()9-hydroxycainphar) 
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(Bredt and Bredt-Savelsberg, Ber. 1929, 62, [B], 
2216). 

(f'Epicamphor was prepared from 1-bornylene- 
3-hydroxamic acid by Furness and Perkin 
(J.U.S. 1914, 106, 2025), who prepared also dl- 
epicamphor, m.p. 180°, and some of its deriva¬ 
tives (c/. Bredt, Drouven, Schumann and 
SchoU, J. pr. Chem. 1931, [iij, 181, 132). 

Epicamphor has an odour very similar to that 
of camphor. The ketone has been characterised 
by the preparation of the foUowing derivatives : 
oximes, d- and Z-, m.p. 103-104°, [ajj, +98*9°, 
—100*6° (in benzene), dl-, m.p. 99-100°; semi- 
carbazones, d- and Z-, m.p. 237-238°. Reduction 
of epicamphor yields epiborneol and epiiso- 
bomeol (q,v.), whilst on oxidation with nitric 
acid camphoric acid is obtained. On bromina- 
tion Z-epicamphor gives bromo-l-epicamphor, 
m.p. 133-134°, [a]ip —86*6° in ethyl acetate; 
the cZZ-isomer has m.p. 136°. With i^oamyl 
nitrite in the presence of sodamide Z-epi- 
cainphor gives two iBonitroso-l-epicamphora, 
a-, m.p. 168-170°, [a]£, —201*9° in benzene, 
m.p. 138-140°, [a]D —183*5° in benzene, 
the latter modification being unstable. These 
two isonitrosoepicamphors had been obtained 
previously by Forster and Spinner (J.C.S. 1912, 
101, 1348) by the hydrolysis of the two oximes 
of phenyliminocamphor. They both give on 
liydrolysis camphorquinono and on reduction 
aminoA-epicamphor, m.p. 108-170°, [a]j) -fl5° 
in benzene. 

J. L. S. 

E PI CAR IN . Trade name for a condensa¬ 
tion product of chloromethylsalicylic acid and 
)?-naphthol (Farbenfabriken Bayer, G.P. 117890), 
formulated as 

1:2;3-C6H3(OH)(COOH)CH2*0*CioH7, 

m.p. 190-196°. Introduced primarily into 
veterinary practice for the treatment of mange ; 
it has been used in treating ringworm, prurigo 
and allied skin diseases as a substitute for 
/S-naphthol (U.S. Dispens. 1937, 1367). 

EPICATECHIN v. Catechu or Cittcii 
(Vol. 11, p. 4366). 

EPICHLOROHYDRINS. a-Kpichloro- 
hydrin (y-chloropropyleno oxide) 

H.CHCHjCl 

is prepared by treating glycerol with phosphorus 
pentachloride or by heating the dichlorohydrins 
with hydrochloric acid (Berthelot, Ann. chim. 
1864, [iii], 41, 299) ; by treating a- or /5- 
dichlorohydrin with caustic potash (Reboul, 
Ann. chim. Phys. 1860, [iii], 60, 21 ; c/. G.P. 
239077), or with alkali carbonates or with 
alkaline earth hydroxides (Griesheim, G.P. 
246242) ; by stirring a-y-dichlorohydrin in dry 
ether with powdered caustic soda (Clarke and 
Hartman, Org. Syntheses, 1923, 8, 47). None 
of these methods is as satisfactory as a modifica¬ 
tion of that claimed in G.P. 246242 ; this 
consists in distilling a mixture of dichloro- 
hydrin, calcium hydroxide and water under 
r^uoed pressure, collecting the distillate in a 
freexing mixture and returning the aqueous 


layer to the residue for a further distillation. 
Yield 80-90% (Braun, J. Amer. Chem. Soc. 1932, 
64, 1248 ; Org. S 3 rntheses, 1936, 16, 30). d- 
Epichlorohydrin is a mobile liquid with an odour 
resembling that of chloroform ; b.p. 116*66° 
(corr.), dj-l*2031 (T. E. Thorpe, J.C.S. 1880, 
87, 206), 3r/10 Him. ; ^‘f-M801, 

1*4396 (Briibl, Ber. 1891, 24, 661) ; insoluble in 
water, miscible in all proportions with alcohol 
and ether ; by heating with alkyl iodides 
chloroiodohydrin alkyl ethers are produced 
(Paal, Ber. 1888, 21, 2971); ammonia gas con¬ 
verts it into tri8{chlorohydroxypropyl)amme 
(Fauconnier, Compt. rend. 1888, 107, 115) ; 
with an alcohol containing 10% KOH it yields 
the corresponding dialkyl ether of glycerol 
(Zunino, Atti R. Accad. Lincei, 1897, [v], 6, ii, 
348 ; 1900, [v], 9, i, 309) ; with phenol and 
aqueous NaOH the product is phenyl glycide 
ether, Ph0*CH2CH*CH20, an oil; NaOEt 

and phenol yield crystalline syw.-glyceryl- 
diphenyl ether, H 0 *CH 2 (CH 20 Ph) 2 , m.p. 82° 
(Lindemann, Ber. 1891, 24, 2145 ; Boyd and 
Marie, J.C.S. 1908, 93, 838 ; Zunino, Atti R. 
Accad. Lincei, 1909, [v], 18, i, 264) ; with mono¬ 
sodium glyceroxide it yields a polymer of the 
internal anhydride of diglyceryl alcohol (Nivi6rc, 
Compt. rend. 1913, 156, 1628) ; concentrated 
nitric acid oxidises it to j8-chlorolaotic acid (von 
Richter, J. pr. Chem. 1897, 20, 193) ; alcoholic 
ammonia and ethyl sodiomalonate convert it to 
chlorohydroxypropylmalonamide (Traube and 
Lehmann, Ber. 1899, 32, 720) ; with aqueous 
sodium phosphate it gives glyccrophosphoric 
esters (Bailly, Bull. Soc. chim. 1922, [iv], 81, 
848) ; heating with dry potassium acetate gives 
acctylglycidol, diacetylglycerylglycidol and 
higher polymerides (Levene and Walti, J. Biol. 
Chem. 1928, 77, 685) ; its reaction with alcohol 
and chloroalcohols is catalysed by sulphuric 
acid, giving RO*CH 2 *CH(OH)*CH 2 CI (Blan¬ 
chard, Bull. Soc. chim. 1926, [iv], 39, 1263; 
Fourneau and Ribas, ibid, 1927, [iv], 41, 1046); 
treatment with sodium bisulphite gives a 
sulphite ester, CICHg CH(OH)CH20*SOaH, 
while with sodium sulphite a true disulphonic 
acid, HO*CH (CH 2 *S 03 H) 2 , is produced 
(Fromm, Kapeller and Taubmann, Ber. 1928, 
61, [B], 1363) ; epichlorohydrin reacts with 
many organomagnesium compounds of the type 
RMgBr (or I), giving a mixture of two com¬ 
pounds, (i) CHoCI*CH(OH)*CH 2 Br (or I) and 
(ii) CH 2 CI*CHR*CH 20 H (Koelsch and 
McElvain, J. Amer. Chem. Soc. 1929, 51, 3390; 
1930, 62, 164; locitsch, J. Phys. Chem. Russ. 
1902, 34, 96 ; 1904, 86 , 6 ; Ribas, Anal. Fis. 
Quim. 1928, 26, 122 ; Tapia and Hernandez, 
ibid. 1930, 28, 691 ; Ribas and Tapia, ibid. 
1930, 28, 636) ; it reacts with acetic acid giving 
acetochlorohydrin, with acetic anhydride and 
acetyl chloride giving diacetochlorohydrin 
(Knoevenagel, Annalen, 1914, 402, 111) ; 

Haller and March have synthesised ketolactonic 
acids and other unsaturated compounds by con¬ 
densing epichlorohydrin with the sodio deriva¬ 
tive of benzoylacetic esters, of acetone dicar- 
boxyfic ester and of acetylacetone (Compt. rend. 
1901, 182, 1469 ; 1903, 186, 434 ; 137, 1203). It 
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has also been condensed with aniline, giving 
3»phenylaminopropylene oxide, 

CHo-CHCHoNHPh 

La-I 


(Zetsche and Aeschlimann, Helv. Chim. Acta, 
1926, 9, 708). Similar condensations have 
been carried out with many other bases, e.g. 
with p-toluidine (Cohn and Fricdlander, Ber. 
1904, 37, 3037), and with methylanilinc and 
diethylamine (Eisleb, Chem. Zentr. 1929, II, 
360) ; with hydrogen cyanide it reacts hke 


ethylene 


oxide, giving 


C.HXI 


OH 

CN 


it 


desulphurises thioureas, converting them into 
O-ureas (Moore and Davis, Univ. Kansas Sci. 
Bull. 1929, 18, 633). With HI it gives n- 
propyl chloride ; with phosphorus pentachloridc 
it gives trichlorohydrin. With concentrated 
sulphuric acid it gives the monosulphuric 
ester of y-chloropropylene glycol ; dry potassium 
iodide converts it into epiiodoliydrin (Reboul, 
Ann. Chim. 1860, [ili], 60, 36) ; when boiled with 
aqueous potassium cyanate, epichloroh^’^drin 
gives keto-chloromethyl oxazolc. 


CHgCI—CH—CH2 

/ \ 

O NH 


(Thomsen, Ber. 1878, 11, 2136 ; Johnson and 
Guest, Amer. Chem. J. 1910, 44, 453). 

An optically active (la^vo-rotatory) form of 
epichlorohydrin, 1*2007, 25*6°, has 

been obtained by Abderhalden and Eichwald 
(Ber. 1915,48,1863) by treating d-a-chlor-y-brom- 
/ 3 -propanol with aqueous caustic potash. On 
distillation under atmospheric pressure partial 
racemisation occurs ; treatment with formic 
acid followed by 15% hydrochloric acid gives 
crude Z-glycerin-a-monochlorohydrin, which with 
alcoholic potash gives dextro-rotatory glycidc. 

^-Epichlorohydrin ()3-chloropropyIene oxide) 


I " I 

CHa—CHCI—CHjj 

Obtained together with the a-compound and 
other products when the chloroiodohydrins, 
formed by the reaction of allyl alcohol with 
iodine monochloride, are treated with dry sodium 
hydroxide (Bigot, Ann. Chim. 1891, [vi], 22, 
468) ; liquid b.p. 132-134® ; more stable than 
the a-compound, unattacked by boiling with 
dilute acids and with potassium cyam'de ; 
sodium in ether or sodium amalgam convert it to 
aUyl alcohol ; with phosphorus pentachloride it 
gives /Sy-dichloropropylene. 

Polymeride 8 .~-\C^HfiC \)2 is obtained in the 
preparation of the pyrazine bases by the 
distillation of glycerol with ammonium phos> 
phate and ammonium chloride ; treatment of the 
nigh boiling fractions with HCI yields the crys¬ 
talline polymeride, m.p. 112-113°, b.p. 232-232°, 
sparingly soluble in water, readily so in hot al¬ 
cohol, from which it may be crystallised. 

(CsHjOC 1 ) 5 .—Obtained by treating a-epi- 
chlorohydrin with hydrofluoric acid in a platinum 


dish. Yellow oil, soluble in alcohol, ether, 
benzene or acetic acid. Dilute sulphuric acid at 
200 ° converts it into a substance resembling 
cellulose (Paternd and Olivieri, Gazzotta, 
1894, 24, i, 305 ; ii, 641). 

Chlori.90butylene oxide, 

CHg 

I 

CHjjCbC—CH2 

obtained by treating a mixture of butenyl 
glycerol and glacial acetic acid with hydrogen 
chloride (Zikes, Monatsh. 1885, 6 , 352) ; or by 
treating moiiochloracetone with an ethereal 
solution of diazomethano (Arndt, Amende and 
Ender, Monatsh. 1932, 59, 202). Colourless 
liquid, b.p. 124-125°, 1*098 (Zikes). Odour 

of epichlorohydrin ; with concentrated hydro¬ 
chloric acid it gives l:3-dichloro-2-methyl- 
propan- 2 -ol ; with p-nitrobenzoyl chloride in 
pyridine it gives an oily nitrobenzoate. 

EPIDIORITE. A rock consisting essentially 
of plagioclase-felspar and hornblende, and with 
a more or less marked schistose structure. It 
has been formed by the action of pressure- 
metamorphism on dolerito {q.v.)^ the augite of 
which has been thereby transformed into 
hornblende. Rocks of thia class are of wide 
distribution, and being tough and hard they are 
much quarried for road-metal, for example, 
in Cornwall. Auriferous quartz-veins are often 
associated with epidiorites. 

L. J. S. 

EPIDOSITE or EPIDOTE-SCH 1ST v. 

Epidote. 

EPIDOTE. Basic silicate of calcium, alu¬ 
minium and ferric iron, HCa 2 (AI,Fe) 3 Si 30 i 3 , 
the alumina and ferric oxide replacing one 
another isomorphously, FegOg ranging from 
1*6% (in the clinozoisite variety) to 17%. The 
monoclinic crystals are usually much elongated 
in the direction perpendicular to the plane of 
symmetry, the habit thus being prismatic. The 
colour ranges from green to brown, and is usually 
a characteristic yellowish-green resembling that 
of a pistachio-nut, hence the name pistacite 
sometimes applied to this mineral. Sp.gr. 3*3 
—3*5 ; H. 6—7. Good crystals are found at many 
localities, and very fine ones at the Knappenwand 
in the Untersulzbachthal in Salzburg. These 
are of a deep green colour and are sometimes cut 
as gem-stones. Large crystals of a tabular 
habit have been found on Prince of Wales 
Island, Alaska. Epidote is strongly pleochroic, 
and when manganese (MrijOg) enters iso¬ 
morphously into the composition this character 
becomes still more pronounced. This is seen in 
the withamite variety from Glencoe, Scotland, 
and in the cherry-red manganese-epidote {pied- 
montite) from San Marcel, Piedmont. As a 
rock-forming mineral epidote is abundant in 
crystalline schists and metamorphio rooks ; 
and it is often present in weathered igneous 
rocks. A rock composed of epidote and quartz 
is known as epidosite or epidote •schist, and 
sometimes carries gold. Banded epidosites have 
been used as ornamental stones. 

L. J, S. 
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E PIN IN E, 3:4-dihydroxyphenylethylmethyl- 
amine, is used in 1% solution in the same manner 
as adrenaline, which it resembles in action, but 
is more stable {Burroughs Wellcome, London), 

E PIO SIN E. N -Methyldiphenyleneimina- 
zole, is obtained (a) by heating phenanthra- 
quinone, methylamine and alcohol (Japp and 

CftH.CNMe 




CH 

-N 


Davison, Chem. Nows, 1894, 70 , 302); or (b) 
by heating morphigenin hydrochloride with 
methylamine and sodium acetate (E. Vahlen, 
Arch. exp. Path. Pharm. 1902, 47 , 368 ; Ber. 
1902, 85, 3044). Epiosine has physiological 
properties similar to those of morphine. 

EPIRHAMNOSE, CgHigOg, 
rhamnose—d-glucomethylose 


with mass-spectrograph determinations. Boss 
and Hopkins (J. Amer. Chem. 8oc. 1928,50, 298) 
obtained the value 167’64 by determinations of 
the ratio ErCl 3 : 3Ag, also by gravimetric titra¬ 
tion). Isotopes : Aston (Nature, 1934, 133 , 
327) reports mass-spectrum lines corresponding 
to the isotopes 166, 167, 168 and 17U (weak). 

Erbium is a metallic element belonging to the 
rare-earth group. Chemically it resembles 
yttrium and is classified with the yttrium group 
of rare-earth clementB ; together with dys¬ 
prosium, holrnium and thulium it forms the 
erbium sub-group. 

Sources. —^I’he yttrium earths are, in general, 
less abundant in nature than those of the cerium 
group. The following minerals, in which part of 
the yttrium is replaced by other elements of the 
group, including erbium, constitute the principal 
sources: gadolinite {or ytterbite), (Y,Fe) 2 Si 205 


d-epi- 


H H HO H 
CHa’C • C • C-C CHO 
OH OH H OH 


is one of the four natural methylpentose sugars, 
being a constituent of the glycoside, convolvuhuj 
obtained from cinchona bark (Votocek and Rac. 
Coll. Czech. Chem. Comm. 1929, 4, 239). It 
was at one time called chinovose and qumooose 

E. F. A 

EPON IT V . Adsorption (Vol. I, p. 153a). 

EPSOMITE or EPSOM SALTS 
MgSO^-THgO, as a mineral usually occurs as 
silky white fibres forming efflorescences in lime 
stone caves, mine galleries, etc. Cr 3 ^stals are 
orthorhombic with sphenoidal hemihedrism and 
a prismatic habit, the prism angle being nearly a 
right angle (89° 26'). Although good crystals are 
readily obtained by artificial means, in nature 
they are of rare occurrence. 'Fhey have, 
however, been found in the salt deposits at 
Stassfurt in Prussia, where also a massive 
variety, reichardlite, forms thin layers in carnal- 
lite. This epsomite is no doubt derived by 
the hydration of the more abundant kieserile, 
MgS 04 *H 20 . In Albany Co., Wyoming, and 
on the border of British Columbia and Washing 
ton, there are several small lakes containing rich 
deposits of compact white epsomite with clear 
crystals a foot or more in length. At Epsom 
in Surrey, from which place the name is derived, 
the salt occurs only in solution in the bitter 
spring, from which it was obtained by evapora¬ 
tion, first in 1675. In a dry atmosphere the 
mineral loses 1H 2 O, passing into hexahydrite, 
MgSO.-GHaO, crystals of which are monoclinic. 

L. J. S. 

ERBIUM or NEO-ERBIUM. Sym. Er. 
At. no. 68. At. wt. 167-2 (Honigschmid, 
Naturwiss. 1936, 24 , 619, and Honigschmid and 
Wittner, Z. anorg. Chem. 1937, 282 , 113, 
obtained the value 167*2 by titrating erbium 
trichloride with silver nitrate and weighing the 
AgCI, corrections being made for small quan¬ 
tities of yttrium and thulium salts present in the 
erbium preparations. This value is in agreement 1 
Vol. IV.—21 


yttrotantaliie), a niobo-tantalate of yttrium, 
cerium and uranium (15%) ; and euxenite, a 
hydrotitanoniobate of yttrium earths (20-50%). 
The average rare-earth oxide content is given in 
brackets. 

Extraction and Separation. —Minerals not 
containing niobium or tantalum are first treated 
with concentrated sulphuric acid, and the result¬ 
ing sulphates extracted with water. Common 
metals are removed by precipitation with 
hydrogen sulphide, and a crude mixture of 
the insoluble rare-earth oxalates thrown down 
by addition of oxahe acid. Samarskite, euxen- 
ite and other minerals containing titanium, 
niobium or tantalum are treated by fusion 
with sodium bisulphate. Ammonia is added to 
the aqueous extract of the product, precipitating 
the rare-earth hydroxides together with tantalic 
and niobic acids, etc. The latter are separated 
by prolonged boiling with nitric acid, when the 
acids are precipitated while the earths remain in 
solution as nitrates. As before, oxalic acid is 
added to precipitate a mixture of the rare-earth 
oxalates. The crude oxalate preparations may 
be purified b^^ reprecipitation, and by precipita¬ 
tion with ammonia to remove alkaline-earth 
metals. 

The separation of pure erbium compounds 
from the mixture of rare-earths is a difficult and 
tedious process based chiefly on fractional 
crystallisation and precipitation. A preliminary 
separation of the yttrium- and cerium-group 
earths is first effected by saturating a solution of 
the rare-earth sulphates with potassium sul¬ 
phate ; the cerium-group earths are preferen¬ 
tially precipitated as the double potassium 
sulphates, leaving the yttrium group in solution. 
The oxalates of this group are precipitated and 
converted ( via the sulphates) into bromates, which 
are submitted to fractional crystallisation. 
Erbium concentrates in the middle fractions, 
accompanied by dysprosium, holrnium and 
thulium. The separation is continued by 
fractional crystaUisation of the ethyl sulphates, 
erbium concentrating in the more soluble 
fractions. By this process Hofmann and Burger 
(Ber. 1908, 41 , 308) obtained pure erbium com¬ 
pounds. 

More recently Brandtl (Z. anorg. Chem. 1931 
198 , 157) has obtained pure erbium oxide by the 
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following process ; the crude erbium bromate 
(containing yttrium, holmium and thulium) was 
fractionally crystallised. The middle fractions 
were converted to nitrates, mixed with cadmium 
and ammonium nitrates, and fractionally pre¬ 
cipitated with ammonia. The later fractions, 
rich in erbium, were reconverted to the bromates 
and again fractionally crystallised. Traces of 
yttrium w'cre finally removed by fractional 
precipitation of the ferrocyanides from a solution 
of the rare-earth nitrates. Conversion to the 
oxalate followed by ignition gave pure erbium 
oxide. 

Boss and Hopkins (/.c.) obtained erbium com¬ 
pounds for atomic weight determinations from 
gadoliuite : the final separations were effected 
by fractional thermal decomposition of the 
rare-earth nitrates (cf. also Bahr and Bunsen, 
Annalen, 1866, 137, 1 ; Wichers, Hopkins and 
Balke, J. Amer. Chem. Soe. 1918, 40, 1615 ; 
James and Brinton, ibid. 1921, 43, 1397), and by 
fractional precipitation with sodium nitrite 
{cf. also Hopkins and Balke, ibid. 1916, 38, 
2332). 

Preparationf Properties and Uses of Erbium .— 
Metallic erbium has been prepared by Klemm 
and Bommer (Z. anorg. Chem. 1937, 231, 138) 
by heating anhydrous erbium trichloride with 
potassium, rubidium or ca?sium. X-Kay 
examination of the mixture of erbium with the 
alkali metal chloride, obtained by this process, 
shows that the density of erbium is 9*16 and the 
atomic volume 18*29 c.c. The paramagnetic 
moment is 9*5 Bohr magnetons, indicating 
that the lattice of metallic erbium contains 
ter valent ions, which give a calculated moment 
of 9*6 magnetons. Magnetic susceptibility 
measurements on the oxide, sulphate and 
sulphide have given atomic moments varying 
from 46*2 to 47-0 Weiss magnetons, the cal¬ 
culated value being 47*3. McLennan and 
Monkman (Trans. Roy. Soc. Canada, 1929, [iiij, 
23, III, 255) have shown that erbium has a 
hexagonal close-packed crystal lattice with a 
basal pyramid of side ao™3*74A and an axial 
ratio of 1*63. The ionic radius of erbium is 
0*818a (Grimm and Wolff). Erbium, in common 
with other rare-earth metals, possesses two 
reduction potentials, —1*770 and --1*875 volts, 
referred to the normal calomel electrode (Nod- 
dack and Brukl, Angew. Chem. 1937, 50, 362). 
The intensity and half-life period of radio¬ 
activity induced in erbium by neutron bom¬ 
bardment have been studied by Sugden (Nature, 
1935, 185, 469) and by McLennan and Rann 
{ibid. 1935, 136, 831). 

The arc spectrum of erbium has been studied 
by Eder (Ber. Wien. Akad. 1915, Ila, 124, 790), 
Eder and Valenta {ibid. 1910, Ila, 119, 16), 
Mott (Trans. Electrochem. 8oc. 1917, 81, 390) 
and McDonald (Trans. Roy. Soc. Canada, 1927, 
[iii], 21, III, 230) ; for the spark spectrum, see 
de Gramont (Compt. rend. 1920, 171, 1106). 
The X- and L- X-ray spectra have been studied 
by Wennerlof (Ark. Mat. Astron. Fysik, 1930, 
A, 22, No. 8). 

The use of erbium for incandescent lamp 
filaments, providing highly selective emission 
in the visible spectrum, has been suggested 
(C.P. 336646, 1933). 


Compounds of Erbium. 

Erbium is uniformly tervalent in its com¬ 
pounds, no evidence of other valencies having 
been obtained up to the present. The salts have 
a rose colour, and give rise to characteristic 
absorption spectra in solution {see Yntema, 
J. Amer. (Jiem. Soc. 1923, 45, 911 ; Gardiner, 
J.C.S. 1926, 1518 ; Quill, Selwood and 

Hopkins, J. Amer. Chem. Soc. 1928, 50, 2929). 
The reflexion specjtra of the solid salts are also 
characteristic, but different from the absorption 
spectra of the solutions {cf. Kreed and 8pedding, 
Nature, 1929, 123, 523 ; Phys. Rev. 1929, 
34, 945 ; Spedding, J. Chem. Physics, 1937, 5, 
160 ; Ephraim, Jantsch and Zapata, Helv. 
Chim. Acta, 1933, 16, 261). 

Erbium Oxide (Erbia), EPgOg. —A pinkish 
powder, sp.gr. 8*64, sp. heat 0*()65 ; a form 
shown by X-ray analysis to consist of cubic 
crystals with a-G0*54A (Goldschmidt’s C-form) 
has been obtained by heating the powder at 
1,300°. The oxide is prepared by igniting the 
oxalate or basic nitrate. It is not reduced by 
heating in hydrogen. The solubility in water is 
l*28x 10~^ gm.-mol. per litre at 29°. As 
normally prepared the oxide is readily soluble in 
acids. 

Erbium Hydroxide, 

Er(OH )3 or ErgOg.SHgO. 

Obtained as a pale amethyst-coloured gelatinous 
precipitate by addition of ammonia or caustic 
alkali to a solution of erbium nitrate. The 
hydroxide dissolves readily in acids, and slowly 
in ammonium chloride solution. A sol. of erbium 
hydroxide is prepared by dialysing a solution of 
erbium nitrate saturated with ammonia. 

Erbium Trifluoride, ErFg. —Obtained as a 
nearly colourless powder by evaporating a 
solution of erbium nitrate containing excess of 
hydrofluoric acid. 

Erbium Trichloride, ErCIg. —The an¬ 
hydrous chloride forms an almost colourless or 
reddish powder, sp.gr. 4*1, which is less hygro¬ 
scopic than the liorresponding dysprosium and 
yttrium salts ; it is conveniently prepared by 
heating the hydrated chloride in a stream of 
hydrogen chloride (Jantsch et al.y 7 a. anorg. 
Chem. 1932, 207, 353). The hydrated salt, 
ErCIg, 6 H 2 O, forms deliquescent crystals, is 
soluble in water, but only slightly soluble in 
alcohol. It is prepared by evaporating a 
solution of erbium oxide in concentrated hydro¬ 
chloric acid. In 0*1 A aqueous solution at 14°, 
the chloride is hydrolysed to the extent of 
0*0164%. 

Erbium Oxychloride, ErOCI, is obtained 
as a pale rose-coloured solid by fusing erbium 
sulphate with magnesium chloride and extract¬ 
ing the residue with dilute acetic acid. 

Erbium Chlorate, Er(CI 08 )g, 9 H 20 , and 
Perchlorate, Er(CI 04 )g, 9 H 20 , are very deli¬ 
quescent crystaUine solids prepared by double 
decomposition of erbium sulphate with the 
corresponding barium salts. 

Erbium Bromide, ErBrg. —^The anhydrous 
bromide is prepared by passing hydrogen 
bromide over a mixture of hydrated erbium 
bromide and ammonium bromide, heated to 
360°, the excess of ammonium bromide being 



EREMITE. 


323 


sublimed away at 600^ (JantHch, l.c.). The 
hydrated 8 alt/ErBr 3 , 9 H 20 , forms deliquescent 
rose-coloured needle crystals, prepared by care¬ 
ful evaporation of a solution of erbium oxide in 
hydrobromic acid. 

Erbium Bromate, Er(Br 03 ) 3 , 9 H 20 , forms 
long prismatic crystals, soluble in water ; it 
may be prepared from the sulphate and barium 
bromate. 

Erbium iodide, Erl,, has be(‘n prepared in 
the anhydrous state by .Jantseh (l.c.) by passing 
hydrogen iodide mixed with hydrogen over 
anhydrous erbium trichloride at 600°. The 
iodate^ Er( 1 03 ) 3,3 HgO, and a periodate^ 
EfjOg, l 207 , 9 H 20 , have been prepared. 

Erbium Sulphide, ErgSg.—A yellow or brown 
powder prepared by the action of hydrogen 
sulphide on anhydrous erbium trichloride at a 
red heat (Klemm, Meisel and Vogel, Z. anorg. 
Chem. 1930, 190, 123). Sp.gr. (vOS. A pale 
rose-coloured solid possessing the formula 
Er 202 S is produced by the action of hydrogen 
sulphide on erbium sulphate. 

Erbium Sulphate, Er 2 (S 04 ) 3 .—Anhydrous 
erbium sulphate is a white hygroscopic powder, 
sp.gr. 3-678, yjrepared by heating the hydrate, 
it dissolves in water with evolution of heat. 
The anhydrous sulphate dissociates on heating, 
the dissociation pressure being 35 mm. at 860"' 
and 668 mm. at 1,000". The octohydrate^ 
Er 2 (S 04 ) 3 , 8 H 20 , is an important salt of 
erbium ; it occurs as pink monoclinic crystals 
which are isomorphous with the corresponding 
yttrium, praseodymium and neodymium salts, 
it is prepared by slow' evaporation (at 20-25") 
of a solution of erbium oxide in sulphuric acid. 
Sp.gr. 3-205. Solubility in w'ater 16-00 and 
6-53 parts per 100 parts at 20° and 40° respec¬ 
tively. The equivalent conductivity of aqueous 
solutions the tervalency 

of erbium. The octohydrated sulphate has a 
cubic crystalline field (Spedding, J. Chem. 
Physics, 1937, 5, 316). The salt forms an 
addition compound, m.p. 121 °, with cocaine. 
The double salts KEr(S 04 ) 2 , 2 H 20 , 
K 3 Er(S 04 ) 3 , Na 5 Er(S 04 ) 4 , 3 iH 20 and 

NH4Er(S04)2,4H20 have been prepared. The 
ethyl sulphate has been employed for magnetic 
investigations by Becquerel, de Haas and van 
den Handel (Physica, 1937, 4, 345), who have 
determined the paramagnetic rotatory power, 
and have observed paramagnetic saturation in 
the salt at low temperatures. A white basic 
sulphate of erbium is formed on heating the 
anhydrous sulphate to 850° ; it decomposes 
above 960°. 

Erbium Selenide, ErgSeg, has been pre¬ 
pared and studied by Klemm and Koezy (Z. 
anorg. Chem. 1937,' 233, 84). On passing 
hydrogen selenide over anhydrous erbium tri¬ 
chloride at 600-1,000°, a brownish-black 
mixture of the and y-forms of the selenide is 
obtained ; pure ochre-yellow y-ErjSCg, sp.gr. 
6-^6 , is obtained on heating the mixture to 1,000° 
in a vacuum. The selenide reacts vigorously 
with acids. The selenites Er 2 (Se 03)3 (with 
6 or 9 H 2 O), Er808,4Se02,4Ha0, and selenates 
and Er 2 (Se 04 ) 8 , 8 HaO are 
kpown ; the last-named salt is isomorphous 
with yttrium selenate and sulphate. 


Erbium Nitride, ErN, is prepared by 
heating a mixture of erbium oxide, carbon and a 
little sodium hydroxide to 1,250° in a current of 
nitrogen. It decomposes, with formation of 
ammonia, on exposure to moist air. 

Erbium Nitrate, Er(N03)3,5H20.—A red¬ 
dish deliquescent crystalline solid obtained by 
crystallisation of a solution of erbium oxide in 
nitric acid. The crystals lose 4 molecules of 
water on heating to 130°. A hexahydrate, 
Er(N 03 ) 3 , 6 HgO, forming rod (crystals, has been 
described. The double magnesium nitrate, 
2Er(N03)3,3Mg(N03)2,24H20, is analogous 
to the corresponding salts of the other rare 
earths. Compounds of erbium nitrate wdth 
antipyrine and hexamethylenetetramine (Bar- 
bieri and Calzolari, Atti R. Accad. Lincei, 1911, 
[v], 20, i, 164) are known. Erbium nitrate imparts 
a characteristic intense green colour to the 
Bunsen flame, the emission spectrum corre¬ 
sponding to the absorption spectrum of the 
solution. 

Erbium Carbonate, Er2(C03)3,2H20, is a 
reddish solhl obtained on passing carbon dioxide 
through an aqueous suspension of erbium 
hydroxide. This salt forms the double carbonate, 
Na5Er(C03)4,18H20. 

Erbium Phosphates.—The orthophosphate, 
ErP 04 ,H 20 , is precipitated as an amorphous 
powder on treating erbium trichloride solution 
with phosphoric acid. The pyrophosphate, 
ErHP207,3iH20, is obtained from a solution 
of erbium hydroxide in pyrophosphoric 
acid. 

Erbium Boride, ErBg, has been prepared by 
Andrieux (Ann. chim. 1929, [xj, 12, 345-423) 
by electrolysis at 980° of a fused mixture of 
erbium oxide, boron trioxide, magnesia and 
magnesium fluoride. It forms a hard blue solid, 
sp.gr. 4-61. 

Erbium Platinocyanide, 

Er2[Pt(CN4)]3,21H20, 

is a red crystalline solid with a green reflex, 
resembling the corresponding yttrium salt. 

Erbium Acetate, Er(C2H302)8,4H20, forms 
pink crystals, soluble in water and alcohol, and 
giving the anhydrous salt on keeping over sul¬ 
phuric acid. It is prepared by dissolving erbium 
oxide in acetic acid. 

Erbium Oxalate, Erg(C204)3,3H20, is pre¬ 
pared by precipitating a boiling solution of an 
erbium salt with oxalic acid, and drying the 
precipitate over sulphuric acid. It is insoluble 
in water and very sparingly soluble in dilute 
hydrochloric acid. Hydrates with 6, 9, 10, 12 
and 14HoO have also been prepared. 

A. J. E. W. 

ERECTH ID IS OIL is an essential oil from 
which a terpene, CioHu, b.p. 175°, 0-8380, 

has been isolated (Beilstein and Wiegand, Ber. 
1882, 15, 2864). The terpene absorbs one 
molecule of hydrogen chloride, but does not yield 
a solid product. A higher-boiling fraction, 
b.p. 240-310°, also has the empirical composition 
^ 10 ^ 16 - 

EREMITE V. Cerium Metals and Earths 
(Vol. 11, p. 5126). 
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ER EMOPH ILON E. From the oil present 
in the wood of Eremophila Miivhelli^ Bradfield, 
Penfold and Simonscn (J.C.S. 1932, 2744; 
J. Proc. Roy. Soc. New South Wales, 1933, 66 , 
420) isolated the ketone, eremophilone, Ci5H220, 


and two related ketones, hydroxyeremophilone, 
C 15 H 22 O 2 , and hydroxydihydroeremophilone, 
^ 16 ^ 24 ^ 2 * physical constants of these 

ketones and of some of their derivatives are given 
in the table. 



Eromopliilono. 

Hydroxycromophiloiio. 

Jlydroxydihydroeromophiloiic. 

m.p. 

41-42° 

66-67” 

102-103” 

b.p. 

171715 mm. 

189-190722 mm. 

— 


0-9994 

1-0620 

— 

< 

1-5182 

1-5564 

___ 

[o]5461 

-207° (inMeOH) 

+ 153” (in MeOH) 

-} 94” (in MeOH) 

/Scjri Icarhazone 

m.p. 202 -203” 

— 

— 

2'A-Dinilr()- 

phenylhydrazonc 


- 

1 

m.p. 239-241” ! 

! Ilydroxyrnetliylene- 
' derivative 

m.p. 105” 

i 

I Benzoate 


j m.p. 1 19-120” 

1 

j Diacetate 

— 

; — 

‘ m.p. 69-70” 

i Ihry-Dinitrobenzoaic 

I 

— 

1 

in.]). 145-146” 


Bradfield, Penfold and Simonson (lx.) 
assigned structuies to these ketones which the 
more recent investigations of Bradfield, Hell- 
strom, Penfold and Simonsen (J.C.S. 1938, 767) 
have shown to bo incorrect. 

Ercmophilone contains two ethylenic linkages 
yielding on catalytic hydrogenation tetrahydrO’ 
eremophilo7ie, b.p. 165"/17 mm., 

0-9641, 1-4909, [a] 54 . 5 i +12-5'^ in ethyl 

alcohol, mmicarhazone, m.p. 213-214^ 2:4- 

dinitrophenylhydrazone, m.p. 178-179°. Ercmo¬ 
philone contains the grouping 

—CH 2 -“C 0 ~CH:CH— 

since (a) it gives a hydroxymeihylene derivative; 
{h) on reduction with sodium and alcohol, 
dihydroeremophilol, Ci 5 H 2 (jO, b.p. 168-170°/ 
14 mm., 1-5089, [a]G 4 «i+fi 8 - 8 ° in ethyl 


alcohol, ‘S:C)'dinitrohenzoate, m.p. 119-121°, is 
obtained ; (c) on oxidation with hydrogen per¬ 
oxide in alkaline solution it gives eremophilone 
oxide^ CjgHogOg, m.p. 63-64°, [a]o 46 i —208° in 
methyl alcohol ; (d) it gives a characteristic 
absorption spectnim (Gillam, J.C.S. 1936, 676). 
The second ethylenic hnkago is present in an iso- 
propenyl side chain since, on ozonolysis, dihydro- 
eremophilol yields a kefo-alcohol, ^ 14 ^ 24^2 

CO 

^ CH 

I I I 

H 2 C:CMeCH CH—C 5 H 10 

c1h2 

I. 




CO CH 


CH.^ 


II. 


CH. 


^CHMe 


Me 


H.,C:CMeCH 


IV. 


CO CH-OH 

/ \ 

CH CH 2 

I I 

C CHo 


CH, 


'l\ / 

I CHMe 
Me 


HC 




C-OH CO 
CH CH„ 


CMe2:c!: d: ch . 

CH 2 I CHMe 
III. Me 


CO 

HgC CH 
HOgC in 


V. 


Me 


HO 2 C 


CO 




CH 




Ih 


CH, 


I CHMe 
"Me 


HgC 


CHo 

• X" 

HO.C C 

■ hcfTM. 


VI. 




Me 



2 

2 
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(2'A-dinitrophenylhydrazonef m.p. 146-149*^), 
from which by further oxidation with sodium 
hypobromite an acidy C23H22O3, ra.p. 155°, is 
obtained. The relative positions of the carbonyl 
and tsopropenyl groups in eremophilone have 
been established by the selenium dehydrogena¬ 
tion of the product of the interaction of tetra- 
hydroeremopliilone and magnesium methyl 
iodide to 1:5-dimethyl-7-z50propylnaphthalene. 
Although dihydroeremophilol can be dehydro¬ 
genated to PMddleney the alcohol cannot contain 
an angle methyl group in position 9 and ercmo- 
philone may be represented by the partial 
formula I. Hydroxy eremophilone, which can 
be prepared from eremophilone by the action of 
acetic acid and sodium acetate on eremophilone 
oxide, gives on ozonolysis acetone, indicating 
the presence of an isopropylidene side chain. 
Ozonolysis of hydroxyeremophilone benzoate 
yields, in addition to acetone, a keto-acAdy 
CioHigOg, m.p. 105-107°, fiprnicarhazoney m.p. 
207-208°. On reduction this kcto-acid gives a 
ayoiohexyl acid, CjQHjg02 {\)-phenyljihe7uicyl 
eatery m.p. 65-67°), the methyl ester of which on 
selenium dehydrogenation yields o-xylene. 

A consideration of the available experimental 
evidence has led Penfold and Simonsen (J.O.S. 
1939, 87) to assign to eremophilone, hydroxy- 
eremophilone and hydroxydihydroeremoj)hilone 
the structures Tl, JJI and IV respectively, the 
keto-acid and cyc/ohexyl acid laurig V and VI. 

J. L. S. 

ER E PS IN . The early literature refers to an 
enzyme “ intestinal erepsin ” able to hydrolyse 
polypeptides, peptones, etc. In 1926 Wald- 
schmidt-Leitz and Schaffner (Z. physiol. Chem. 
1926, 151, 31) separated erepsin from trypsin 
and proved that it only attacks peptides. The 
term is now abandoned in favour of polypeptu 
daaesy which are distinguished as amino-, car- 
boxy-, prolyl- and dipeptidases, according to 
their manner of action, though they cannot be 
prepared separately. The aminopolypeptidase 
splits off the amino acid at the amino end of the 
the chain, whereas the carboxypeptidase operates 
on the reverse end of the protein molecule. 

E. F. A. 

ERGINEv. BIrgotofRye (this Vol.,p.328a). 

ERGOBASINE v. Ergot of Rye (this Vol., 
p. 330d). 

ERGOCHRYSIN v. Ergot of Rye (this 
Vol., p. 332c). 

ERGOCLAVINE v. Eroot of Kyk (this 
Vol., p. 327c). 

ERGOCRISTINE, ERGOCRISTIN- 

IN E ». Eroot of Rye (this Vol., pp. 327c, 328rf, 
3306). 

ERGOFLAVIN V, Ergot of Rye (this Vol., 
p. 332c). 

ERGOLINE V. Ergot of Rye (this Vol., 
p. 329a). 

ERGOMETRINE and ERGO- 
METRININE v. Ergot of Rye (this Vol., 
pp. 327c, 328c, d, 330c). 

ERGONOVINE t?. Ergot of Rye (this Vol., 
p. 330d). 

ERGOSINE and ERGOSININE v. 

Ergot of Ryk (this Vol.. pp. 327c, 328c, d, 330c). 


ERGOSTEROL, C2gH440. 


HjC 

H,C“ 'J 
H,C HC 


H,C^ 


) hi:, 


CH CHMc CH.CH CHMe CHMe, 
16 1 

,4CH -CHg 


tCH 
CH, CH 


Tanrot isolated ergosterol from ergot (Compt. 
rend. 1889,108, 98) and ascribed to it the formula 
C27H420,H20 (Compt. rend. 1908, 147, 75 ; 
Ann. Chim. 1908, [viii], 85, 313) ; Gerard (J. 
Pharm. Chira. 1895, [vij, 15, 601) pointed out the 
similarity of its colour reacitions to those of the 
sterol isolated by him from yeast and other 
cryptograms, and later the identity of the 
two substances was established (Smedley- 
MacLean and Thomas, Riochem. J. 1920, 14, 
483) ; its ])reseiice in Pefiicllliirtn, Muror and 
other fungi has now been shown. In yeast it is 
accompanied by a number of oiliej- steiols, e.y. 
zymosterol (Smedley-MacLean, Hioebom. J. 
1928, 22, 22), neosteroly ascosteroly dibydro- 
ergosteroJ and several others (Wieland et a/., 
Annalen, 1929,473,300 ; 1930,482,36; Callow, 
Biochein. J. 1931, 25, 87). 

I’he identification of ergosterol as the pro¬ 
vitamin which, under the action of ultra-violet 
light, was (converted into the antirachitic vitamin 
I) was made jointly by Rosenheim and Webster 
(Bioehem. J. 1927, 21, 389) and Windaus and 
Hess (Nachr. Ges. Wiss. Gottingen, 1926, 
175). 

Preparation (Windaus and Grosskopf, Z. 
physiol. Chem. 1923, 124, 8).—2 kg. of pressed 
yeast are rubbed up with 2 litres of 95% alcohol, 
and to the mixture are added a concentrated 
aqueous solution of 400 g. KOH and a litre of 
alcohol. After heating 3 hours on a water 
bath, the insoluble residue is filtered ofi, 
boiled with alcohol and again filtered. After 
adding water to the concentrated filtrate, the 
sterol is extracted with ether. The residue from 
the ethereal solution is a pale yellow oil gradually 
solidifying to a crystalline paste. The ergo¬ 
sterol is recrystallised from light petroleum and is 
best purified through repeated recrystallisations 
of its benzoyl derivative (Callow, Bioehem. J. 
1931, 25, 79). The sterol is now prepared com¬ 
mercially from yeast. The factors influencing 
the ergosterol content of yeast have been 
investigated by Massengale, Bills and Prickett 
(J. Biol. Chem. 1931, 94, 213). 

Properties. —^M.p. 160-161° ; [a]i)~ —133-1°; 

henzoatCy m.p. 168-170°, [a]p=^-"7l-5° (Wie¬ 
land and Asano, Annalen, 1929, 473, 300); 
acetatCy m.p. 180*5°, [a]p“—91*8° (Tanret, 
Compt. rend. 1908, 147, 75). It is readily 
oxidised, becoming yellow on exposure to air, 
and changing to a brown viscous liquid; it should 
be kept in the dark in sealed evacuated tubes. 
It forms a stable peroxide, m.p. 178° {v. infra) 
(Windaus and Brunken, Annalen, 1928, 460, 
225). Ergosterol and its acetate easily undergo 
isomeric change : if dry HCI be passed into a 
cooled solution of the acetate in chloroform, an 
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isomeric acetate (ra.p. 129-131", [a]^ ~ —62*5") 
giving on hydrolysis ijjoergosterol (m.p. 135-136°, 
[a]D ==—86*7") is recovered (Reindel et al., 
Annalen, 1927, 452, 34 ; 1928, 460, 212 ). 

For earlier commercial development see Steen- 
bock (B.F. 236197, 30/6/1924). 

If Wijs’ reagent bo used, very high iodine values 
are recorded. With Hubl's reagent, the presence 
of three double bonds is indicated (Srnedley- 
MacLean and Tliomas, lx.). Reduction with 
sodium and alcohol leads to dihvdrosterol (m.p. 
173-174", |a]p--24*4") (Windaus and Brun- 
ken, Annaion, 1928, 460, 225). Gn catalytic 
reduction, the molecule rtwlily takes up 4 atoms 
of hydrogen ; the third double bond is very 
resistant ; using platinum oxide as catalyst, 
ergosteryl acetate was reduced to ergostanyl 
acetate in 40% yield, the remainder being 
converted to ergostenyla('etate, the tetra- 
hydro derivative (Reindel and Walter, Annalen, 
1928, 460, 216). Krgostanyl acetate, m.]). 165" ; 
ergostanol, m.p. 150"; |a)p - •-7-5". Replace¬ 
ment of the ergostanol OH group by Cl gave a 
mixture of two crystalline chlorides which wt'ie 
converted to two isomeric vrgostanes^ a- and 
alio-, melting respectively at 100 - 101 ° and 
84-85". Allo-ergostane was Ibund to be difierent 
from silostane, m.p. 84-85", obtained by the 
total reduction of sitofiterol. 

Colour Reactions. —If strong sulphuric acid be 
added to a solution of ergosterol in chloroform, 
the acid layer is coloured orange, the chloroform 
layer remaining colourless. When strong 
H 2 SO 4 is added to a solution of the sterol in 
acetic anhydride, the colour changes through 
red, violet and blue to green, the change 
being much more rapid than in the case of chole¬ 
sterol. The addition of a 25% solution of 
mercuric acetate in strong nitric acid gives with 
a very dilute solution of the sterol a transient 
pink colour followed by blue ; with strong 
solutions of ergosterol the transient pink colour 
is followed by orange and yellow (Rosenheim 
and Callow, Biochem. J. 1931, 25, 74). 

The relationship of the colour reactions to 
the absorption spectra of the sterols has been 
studied by Heilbron and Spring (Biochem. J. 
1930, 24, 133). 

Constitution. —The empirical formula for ergo¬ 
sterol, C 2 aH 440 (Windaus and Liittringhaus, | 
Nachr. Ges. Wiss. Gottingen, 1932, 4 : Heilbron 
and Simpson, J.C.S. 1932,2400), shows that the 
molecule contains one more carbon atom than 
that of cholesterol. The ketone obtained 
by oxidation of the cholesterol side chain is 
methyl isohexyl ketone, CoHjgO, whilst that 
from ergosterol is dihydroihujaketone, CjHiaO 
(Heilbron, Simpson and Wilkinson, J.C.S. 
1932, 1699). On ozonisation, ergosterol gives a- 
raethyl-i^ovaleraldehyde (Reindel and Kipphan, 
Annalen, 1932, 498, 181). From these observa¬ 
tions it follows that the extra atom of carbon 
is located in the side chain and that the side 
chain contains a double bond. 

The nuclear structure of the two sterols is 
similar since each gives the same two hydro¬ 
carbons when dehydrogenated with selenium 
(Diels and Karstens, Annalen, 1930, 478, 129). 
Ergostane, the completely reduced hydrocarbon 
derived from ergosterol, has also been oxidised to 


nor-allo-cholanio acid, the bile acid obtained by 
oxidation of cholesterol, and the identity of the 
nuclear skeletons of ergosterol, cholesterol and 
the bile acids has therefore been definitely 
established (Chuang, Annalen, 1933, 500, 
270). 

Ergosterol and its reduction products an^ 
precipitated from their ak^oholic solutions by 
I digitonin solution : since this reaction is highly 
specific for the Hy)atial position of the OH 
group attached to the C 3 atom, the latter has 
the same spatial configuration in cholesterol and 
in ergosterol. 

Location of the Two Nuclear Double Bonds .— 
Ergosterol reacts with perbenzoic acid, forming 
not the expected ergosterol oxide, but a mono¬ 
benzoate which on hydrolysis gives ergostadien- 
triol, in which one OH is tertiary, since on 
acetylation the triol gives a diacetyl derivative 
(Windaus and Liittringhaus, Annalen, 1930, 481, 
119). Saturation with hydrogen gives a 
compound closely resemblirig in its r(‘actions 
the corresponding triol of the cholesterol 
series, identified by Windaus as cholestane- 
3:5:6-triol. One double bond is, therefore, in the 
5:6-position. The remaining nuclear double 
bond was located by Heilbron in the 8:9-posi¬ 
tion; by Windaus in the 7:8-position. The 
absorption spectrum (maximum 280 mg), the 
molecular refraction and X-ray measurements 
indicate conjugation of the two double bonds, 
a result confirmed by the reaction with maleic 
anhydride at 135°; ergosteryl acetate gives an 
addition product from which the ester is quanti¬ 
tatively regenerated by heating in vacuo at 220 ° 
(Inhoffen, Annalen, 1934, 508, 81 ; Windaus and 
Liittringhaus, Ber. 1931, 64, [B], 853). When 
an alcoholic solution of ergosterol containing 
eosin is exposed to light and oxygen, a crystalline 
peroxide is formed which on distillation gives a 
tetra-unsaturated substance, dehydroorgosterol, 
of which the absorption spectrum and the maleic; 
anhydride reaction indicate the presence of a 
conjugated system (Windaus and Brunken, 
Annalen, 1928, 460, 225 ; Windaus and Linsert, 
ibid. 465, 148). 

Relation of Ergosterol to Vitamin D {see Cal- 
ciFEROL). —Ergosterol when irradiated in ether 
solution with ultra-violet light in the absence 
of air is converted into a mixture of isomeric 
sterols, one of which, calciferol, was isolated by 
Bourdillon and his colleagues (Proc. Roy. Soc. B, 
1931, 108, 340), and shown to possess the anti¬ 
rachitic properties associated with vitamin D. 
The lumisterol and tachysterol also formed in the 
irradiated solution are probably intermediate 
stages between ergosterol and vitamin D 
(Dimroth, Ber. 1937, 70, 1631). 

I. S.-M. 

ERGOSTETRINE v. Ergot of Rye (this 
Vol., p. 330(i). 

ERGOT OF RYE. Ergoia (British 
Pharmacopoeia, United States Pharmacoposia). 
SecaU cornutum {Ergot de seigle or Seigle ergoti, 
Fr.; Mutterkorn, Ger.). It is the dried sclero- 
tium or resting stage of the fungus Claviceps 
purpurea Tulasne, originating in the ovary of the 
rye {Secale cereale). The grains are violet-black, 
1-4 cm. long, slightly curved and tapering at 
both ends ; the dark colouring matter ifl con- 
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fined to the exterior ; the interior is white. The 
same and closely related species of fungus are 
known to occur in some 200 grasses, wild and 
cultivated. The first definite mention of ergot 
occurs in the 1682 edition of Adam Lonicer’s 
** Kreuterbuch,” published at Frankfort on Main, 
Chap, ccclxx, p. 285, where it is described as a 
disease of rye, and its use by midwives is referred 
to. During the seventeenth and eighteenth 
centuries ergot remained a more or less secret, 
or at least an unofficial, remedy. Its intro¬ 
duction into scientific medicine dates from an 
“ Account of the Pulvis jjarturiens, a remedy for 
quickening Child-birth,” by John Stearns, in the 
State of New York, 1808, and then, in a few 
decades, ergot came into general use in the 
C.S.A. and Europe. Before this it was hardly 
known in Britain and there is no English name 
for it (Fr. ergots cock’s-spur, from the shape of 
the grain). 

The (‘hief commercial varieties of ergot (^ome 
from Poland, Russia, Spain and Jkjrtugal. 
The average Russian crop before 1914 was 
about 160 tons, in 1930 about 100 tons; the 
Iberian (Galicia and northern Portugal) about 
76 tons. The crop varies greatly from year 
to year, depending on the weather ; moisture 
favours its growth. The price is also subject 
to great fiuctuations (Russian less than 1.9. per 
lb, in 1907 and 1930, 20.s’. in 1919). Cntil the 
1920 edition of the U.S.P. demanded a definite 
alkaloidal content in the liquid extract, the 
price of Eastern and 1 berian ergot was about the 
same, since when the Iberian has commanded 
at least double the price of the Eastern, 
as the former is considerably richer in alkaloids. 
The U.S.A. probably consume about half of the 
world’s production (for the twelve months 
ending July 31, 1929, 328,000 lb. were imported). 
“ Bold ” ergot, consisting of large grains, is of 
no special value, rather the reverse. It has been 
repeatedly shown that small sclerotia contain, 
weight for weight, more alkaloid than the larger 
ones of the same crop. The preference for a 
“ bold ” ergot is perhaps based on the larger 
average size of the Spanish product, as compared 
with the Eastern. The fracture should be short 
and corky; a tough homy fracture is less good 
(Thompson, J. Amer. Pharm. Assoc. 1929, 18, 
1106 ; 1930, 19, 11, 104, 221, 436, where other 
(ffiaracters associated with a high alkaloidal 
content are given). Spanish and Portuguese 
ergots contain 0*06-0*30% of total alkaloid, 
Russian and Polish only 0'02“0*10%; the 
superiority of the former is probably partly due 
to careful artificial drying, wffiich prevents 
attack by moulds. The artificial cultivation of 
ergot by spraying a field of rye with conidia 
does not seem to be economic (Hecke, Schweiz. 
Apoth. Ztg. 1921, 59, 277, 293 ; 1922, 60, 45), 
nor does its saprophytic culture, which produces 
alkaloid but not typical sclerotia (Kirchhoff, 
Centralbl. Bakteriol. Abt. ii, 1929, 77, 310 ; 
McCrea, Amer. J. Bot. 1931, 18, 60 ; Jaretzky, 
Arch. Pharm. 1935, 273, 348). 

Ergot contains five pairs of interconvertible 
isomeric alkaloids ; each pair consists of a 
l»vo-rotatory, having a powerful pharmacolo¬ 
gical action, and a strongly dextro-rotatory 
alkaloid with hut little pharmacological activity. 


The following table gives the values of [a] 54 ei, 
except for ergocristine and ergocristinine, for 
which [a]p is recorded ; for the last pair the 
solvent is pyridine, for the others chloroform. 


Potent Almost inert 

Ergotoxine Ergotinine 

-226'^ +466° 

11 . 

v5'-Ergotinino 
+ 613° 




Ergo(Tistinc ^ Ergocristinine 
186 +366° 

Ergotamine v™ Ergotamiriiiie 
-181° +450° 

Ergosine Ergosiiiino 

-193° +522 




Ergonudrine v— 
-16 


Ergonudrinine 

4-596° 


Associated with the first pair is an additional 
alkaloid of high dextro-rotation (Smith and 
Tirnmis, J.C.S. 1931, 1888), so that them is in 
reality a triplet; perhaps a third isomer 
may later be added to the other pairs also. 
The j)harmacologi(!al activity of the Isevo- 
rotatory alkaloids is associated with a high 
residual valency and a great tendency to 
crystallise with solvent of crystallisation, which 
is often held most tenaciously ; these alkaloids 
form crystalline salts and are much more 
soluble than their dextro-rotatory isomers, 
salts of which are hardly known. In some cases, 
the two alkaloids of a pair may form an appar¬ 
ently equimolecular combination, which crystal¬ 
lises well and has been regarded as a separate 
alkaloid. Ergoclavine^ [a]p +124° (Kiissner, 
Merck’s Jahresber. 1933, 47, 6 ; 1935, 49, 260; 
Angew. Cbem. 1937, 50, 34), is such a combina¬ 
tion of ergosine and ergosinine. Sensibamine is 
according to Stoll (Schweiz, med. Wochenschr. 
1936, ii, 1077 ; Wiener klin. Wochenschr. 1936, 
49, 1513, 1562) a similar but much less stable 
combination of ergotamine and ergotaminine ; 
on mere solution in alcohol, the latter alkaloid 
crystallises out ; the mixture can also be 
separated by chromatographic adsorption. 
For a full account of some fourteen of these 
molecular complexes, (‘onsisting in all cases of a 
potent and a (not necessarily isomeric) inert 
ergot alkaloid, ,vcc Kofler (Arch. Pharm, 1937, 
275, 455; 1938, 276, 40, 61). An alkaloid, 
Ci 9 H] 904 N 7 , long hexagonal crystals, ra.p, 
132°, is described by Holden and Driver (Quart. 
J. Pharm. 1936, 9, 231), wffio state that it is not 
an indole derivative (unlike all the other ergot 
alkaloids). It is soluble in dilute sodium 
hydroxide, from which it is precipitated by car¬ 
bon dioxide. The picrate has m.p. 163--164". 

The five pairs of isomeric alkaloids have been 
particularly well characterised, and, in spite of 
their complexicity, the molecular formulae 
have in all cases been established with certainty 
by analysis and confirmed by hydrolysis. This 
is due largely to the work of Jacobs and Craig 
(J. Biol. Chem. 1932, 97, 739; 1934, 104, 547; 
106, 393 ; 1935, 108, 594; 110, 621; 111, 455; 
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1936, 113, 767 ; 116, 227; Science, 1935, 82. 
16; J. Amor. Chem. Soc. 1935, 57, 960; J. 
Org. Chem. 1936, 1, 245) and of Smith and 
Timmis (J.S.C. 1930, 1390; 1931, 1888; 

1932, 763, 1543; 1934, 674; 1936, 1166, 

1440; 1937, 396; Nature, 1936, 137, 1075). 
As an example, ergotinino yields with aqueous 
alkali one equivalent each of ammonia, 
K^obutjrryl formic acid, CH-Meg'CO-COOH, 
and lysergic acidy CigHigOgNj (Jacobs and 
Craig), or with alcoholic sodium hydroxide two 
fragments remain combined as the amide of 
lysergic acid or erginCy CjgHj^ONg (Smith and 
timmis, J.C.S. 1932, 763, 1.543). Acid hydrolysis 
destroys lysergic acid (which is an indole deriva¬ 
tive) and yields /-phenylalanine and d-proline, 
wlience an equation for the hydrolysis can be 
deduced. The exact arrangement of the various 
lission products is unknown ; the lysergic acid 
is ('ortaiiily joined to the ammonia (because of 
th(^ formation of ergine) ; the i^sobutyrylformic 
acid is also joined by its carboxyl to an amino 
group, for on pyrolysis isobutyrylformamide 
sublimes (Barger and Ewins, J.C.S. 1910, 97, 
284). Phenylalanine and jiroline arc joined 
together because a peptide of these amino acids is 
/ormed by moderate hydrolysis. The following 
formula for ergotinine has been suggested by 
Jacobs and Craig (J. Biol. Chem. 1938, 122, 
419) : 

CO . „o-, 

NHCCON CO 

MejHC / NcONHCH 

I ... .! CHjPh 


It will bo seen that the i^obutyrylformic acid is 
not considered to be present in the molecule as 
such (there is no keto group), but to arise as a 
secondary product from an a-hydroxyvalino 
residue, which on liberation at once yields the 
keto acid and ammonia. Ergotamine would 
similarly contain an a-hydroxyalanine grouping. 

The only difference between ergotoxine- 
ergotinine and ergotamine-ergotaminine is that 
the latter pair give rise to pyruvic instead of 
wobutyrylformio (=^dimcthylpyruvic) acid. 
Since the rest of the large molecule is the same, 
the great similarity in the pharmacological action 
of ergotoxino and ergotamine becomes intelligible. 
The fourth pair of alkaloids yield also pyruvic 
acid, but here the phenylalanine is replaced by 
leucine ; ergosine also resembles ergotoxine 
in pharmacological action and can probably, 
like ergotoxine and ergotamine, produce gan¬ 
grene. Ergometrino is pharmacologically quite 
distinct ; it has no specific action, except its 
power to produce rapidly, when taken by the 
mouth, powerful contractions of the puerperal 
(human) utenis ; for this reason it long escaped 
the notice of pharmacologists and was only 
discovered by exact clinical experiments. Its 
different biological behaviour is connected with 
a much simpler constitution : on hydrolysis it 
yields two products only, lysergic acid and 
a-hydroxy-/3-aminopropane (alanol) (Jacobs and 
Craig, Science, 1935, 82, 16). 

Cl9H2302N3-fKOH- 

C15H15N2 CO2K4 NHa CHMe-CHg-OH 

The fission products of the various ergot 
alkaloids are recorded in the following table: 


Lysergic acid 
Ammonia .... 
HydroxyMopropylamine 
d-Proline .... 
/-Phenylalanine . 
/-Leucine .... 
Dimethylpyruvic acid . 
Pyruvic acid. 


Ergotoxine. 

Krgocristine. 

Ergotamine. 

Ergosine. 

Ergometrine. 

Ergotinine. 
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It is of interest to note 


that the more complex 


ergot alkaloids difler rather considerably from 
those of the higher plants and are akin to 
peptides. The /-phenylalanine of ergotoxine 
and of ergotamine and the /-leucine of ergosine 
are optically identical with these fission products 
of proteins, but the d-proline in all throe alkaloids 
is the enantiomorph of the /-proUne obtained by 
protein hydrolysis. a-Hydroxyvaline and a- 
hydroxyalanine are the first oxidation products 
of other amino acids, and lysergic acid {see 
below) is doubtless derived from tryptophane, 
by the addition of a chain of five carbon atoms 
and a carboxyl group, which together may 
represent yet another amino acid. The hydroxy- 
ttfopropylamine of ergometrine may be regarded 
as a reduction product (alanol) of alanine. 
In these respects the alkaloids of ergot, like 
other of its constituents, present points of 
considerable biochemical interest. 


Lysergic acid is the most important fission 
product, the only one common to all the eight 
alkaloids. It and its simple amide ergine have 
been obtained in two forms, corresponding to 
the two series of potent and inert alkaloids. The 
values of [a] 54 gi in pyridine are as follows, 
according to Smith and Timmis (J.S.C. 1936, 
1440). 

Ergometrine —16° ^ Ergoraetrinine -f 596° 
iaoErgine -f 25° ^ Ergine -t-635° 

Lysergic acid-}-49° ^ isoLysergic acid -1-366° 

The ergine first obtained belongs to the ergo¬ 
tinine series, and the (first) lysergic acid, 
discovered by Jacobs and Craig, is anedogous to 
ergotoxine. The great difference in pharmaco¬ 
logical activity between the two series of alka¬ 
loids clearly depends only on the lysergic acid 
residue, and seems to be determined by Sie shift 
of a double bond between two carbon atoms, the 
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only one known to oc(;nr in the molecule. 
When this bond is reduced a stereoisomerism 
becomes fixed ; the potent alkaloids then yield 
on hydrolysis a-dihydrolysergic acid, [ajj, —106°, 
and the inert y-dihydrolysergic acid, 

(the jS-derivative is yet another substance). 
The a- and y-varieties are not interconvertible, 
like the unreduced lysergic acid and its isomer; 
the methyl ester of lysergic acid shows 
muta-rotation, the esters of the dihydro acids do 
not. 

Although not fully established, the subjoined 
formula, suggested by Jacobs and Craig (J. Biol. 
Chera. 1936, 115, 227), will illustrate some of the 
features of lysergic acid. Rings A and B with 




-CH.COOH 


/ 

3 0 C'— -C 5 

/ \ 

M c C CH, 

n I A il « II 

\/iK/ " 

14 NH 


carbon atoms 4 and 5 and ihe nitrogen atom at 
6 form a tryptarnine residue (also present in 
calycanthine, evodiamine, strychnine). The 2 - 
position of the pyrrole ring is unsubstituted, 
which accounts for the colour reactions of the 
ergot alkaloids, but the great intensity of the 
reaction with ^-dimothylaminobenzaldehydo in 
the cold may well be connected with the unusual 
ring closure at A synthetic compound, 

ergoline^ having the four rings as indicated, 
but lacking the double bond, the carboxyl 
group and the N-methyl group, gives the same 
colour reaction (Jacobs and Gould, J. Biol. 
Chem. 1937, 120, 141). Rings C and .D survive 
on distillation with soda lime as quinoline. 
On potash fusion of dihydrolysergic acid, 
rings A and C with C 9 and form 1 -methyl- 
5-aminonaphthalene. Oxidation yields a 
tribasic acid, C 14 H 9 O 5 N, in w^hich Cj, C 12 
and Cjg form carboxyl groups and the original 
carboxyl at C, is combined with Ng to form a 
. quinoline betaine. This original carboxyl is 
present as an amide grouping in the alkaloids. 
The position of the double bond between Cg and 
CjQ is doubtful ; it is considered to shift to 
9-10 and/or 4-5 in the isomeric lysergic acids. 
Jt is the most important feature of the whole 
molecule, determining the optical rotation, the 
pharmacological action and the residual afiinity 
of the potent, as compared with the inert alka¬ 
loids. It is not surprising that the first alkaloid 
ergotinine isolated by Tan ret (Compt, rend. 
1875, 81, 896) was inert and that the isolation 
of ergotoxine (Barger and Carr, J.C.S. 1907, 9l, 
337) was delayed by the great tendency of this 
alkaloid to become adsorbed on inert matter (at 
one time the active principle of ergot was con¬ 
sidered to be an acid). The salts of the six com¬ 
plex ergot alkaloids are but slightly soluble in 
water, and are precipitated from solution by 
electrolytes ; hence organic acids (citric, tar¬ 
taric, lactic) should be used for extracting the 


alkaloids (from an ethereal extract of the 
powdered drug). The separation of ergotinine, 
ergotoxine and ergoclavino (a molecular com¬ 
pound of ergosine and ergosininc) was carried 
out by Kiissner (Merck’s Jahresber. 1933, 47, 
6 ) as follows : the solution of the total alkaloid 
in dilute sodium hydroxide gave up only orgoti- 
nine on shaking with ether ; it was then acidified 
slightly with lactic acid, after which it gave up 
ergotoxine to ether, and then, on making alkaline 
with sodium carbonate, it yielded ergoclavine 
on shaking with trichloroethylene. In this way 
about 30-40% of the total alkaloid was isolated 
as ergotinine and about 15% as ergotoxine 
phosphate, and a similar amount as ergoclavine. 
For the separation of the latter into ergosine and 
ergosininc, see Smith and Timm is (J.C.S. 1937, 
396). 

Plrgotaminc and ergotaminine are absent from 
nearly all specimens of official ergot of rye. 
Kiissner found them only in Hungarian ergot, 
and sensibamine, a molecular mixture of the 
two, is the subject of a Hungarian patent. It 
has been admitted that the ergotamine of com¬ 
merce is obtained from a particular central 
European variety, about which nothing precise 
has been revealed. Ergotamine and ergotaminine 
are further readily isolated from CJuviceps 
purpurea growing on Festuca elatior in New 
Zealand, according to Smith and Timmis 
J.C.S. 1930, 1390), but they could not find these 
alkaloids in commercial ergot of rye. 

Ergometrine forms about 15-20% of the total 
alkaloids of Spanish and Russian ergots, but is 
apparently absent from the (Hungarian ?) 
ergot yielding ergotamine {cf. Stoll and Burck- 
hardt. Bull. Sci. Pharmacol. 1935, 42, 257). 
Ergometrine is moderately soluble in water, 
and may bo obtained by Dudley’s method 
(Bharm. J. 1935, 134, 709). Defatted powdered 
ergot is extracted with industrial ethyl alcohol 
made alkaline by the addition of concentrated 
ammonia. The extract is concentrated in vacuOf 
made slightly acid, evaporated until free from 
alcohol, cooled and filtered from residual fat. 
The aqueous concentrate is then made slightly 
alkaline with sodium carbonate, filtered, made 
strongly alkaline by more sodium carbonate and 
extracted with chloroform. On concentration a 
chloroform compound of ergometrine separates ; 
the yield is only a fraction of the amount indi- 
I cated by assay {sec below). 

I A partial synthesis of ergometrine (and of 
analogues by the use of amines other than 
alanoi) can bo effected from uolysergic azide 
(Stoll and Hofmann, Z. physiol. Chem. 1938, 
251, 155). The lysergic acid from the other 
natural alkaloids is used like eegonino in the 
manufacture of cocaine. 

Ergotoxine^CggHggOgNg, crystallises only 
from benzene and Rom carbon disulphide (B.P, 
286400 ; Smith and Timmis, J.C.S. 1931, 
1888). For this purpose it should be liberated 
from its salts by sodium bicarbonate or by borax, 
not by sodium hydroxide. It forms six-sided 
prisms, which air-dry contain 2 C«Hq or 2 C 82 
of crystallisation and the solvent is re¬ 
tained with extraordinary tenacity on heating 
in a high vacuum. Ergotoxine softens at 180® 
and melts indefinitely between 190° and 200°. 
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The amorphous base precipitated from water 
has the formula C35H3905N^,H20, and can be 
obtained anhydrous only with difficulty in a 
high vacuum. Ergotoxine is practically in¬ 
soluble in light petroleum, sparingly soluble in 
ether, very readily in methyl and ethyl alcohols, 
chloroform, acetone and ethyl acetate, but does 
not crystallise from these solvents. For the 
rotation of this and other alkaloids, see the 
table on p. 327c. The phosphate^ 

is one of the most characteristic salts and crystal¬ 
lises from 50 parts of boiling 90% alcohol in the 
course of some days in clusters of radiating 
needles, m.p. 186-187° ; soluble in 313 parts of 
cold water and in 14 parts of boiling 90% 
alcohol. The methane- and ethane-sulphonates 
(B.P. 286582), B,CH3 S03H,2C2H6 0H and 
B,C2H5*S03H,2C2H5-0H, crystallise readily 
from alcohol in clusters of needles and melt at 
214° and 209° (corr.) respectively ; these salts 
are somewhat more soluble in water than the 
others. The ethanesulphonate is the pharma¬ 
copoeia! standard for the colorimetric assay of 
ergot. 

Ergotinine, C35H39O5N5, forms long needles, 
m.p. 229° (corr.), dissolves at 15° in 400 parts 
of ethyl alcohol, in 1,000 parts of dry ether, in 
25 parts of acetone ; it is extremely soluble in 
chloroform. No crystalline salts are known. 
On heating in alcoholic solution with phosphoric 
acid, it yields ergotoxine phosphate ; conversely 
ergotoxine is partially converted into ergotinine 
by boiling in methyl alcohol solution (Kraft, 
Arch. Pharm. 1906, 244, 336 ; 1907, 245, 644 ; 
he independently discovered ergotoxine and 
named it hydroergotinine), 

Ergocristine and ergocristinine (Stoll and 
Burckhardt, Z. physiol. Chem. 1937, 250, 1 ; 
1938, 251, 287) are extremely similar to ergotox¬ 
ine and ergotinine, and yield the same hydrolytic 
products (private communication from Prof. 
Stoll). Ergocristine phosphate was doubtless 
already figured by Barger and Ewins (J.C.S. 
1910, 97, 286, Fig. 1), but not recognised as a 
separate entity (c/. also ibid. 1918, 113, 235). 

Ergotamine, CgaHggOgNg (Swiss P. 79879, 
1918, and 86321, 1919 ; Stoll, Verb, schweiz. 
natur. Ges. 1920, 190), crystallises most readily 
from aqueous acetone as 

B,2H20,2CH3C0CH3 
in stout prisms, m.p. 213-214° (corr.) The 
special method of extraction described in the 
patents is unnecessary, according to Smith 
and Timmis (J.C.S. 1930, 1390). The tartrate^ 
B2.C4H30e,2CH30H, is used therapeutically 
(“ gynergen ” and “ femergin ”) ; the methane- 
sulpkonate is also employed. The phosphate 
forms leaflets, quite distinct from ergotoxine 
phosphate. 

Ergotaminine, C83H35O5N3, separates from 
alcohol in characteristic plates, approximating 
to isosceles triangles with an angle of 100° (for 
microphotographs of this and other ergot alka¬ 
loids, see Smith and Timmis, ibid. 1930, 1390, 
and Kiissner, Angew. Chem. 1937, 60, 34). 
It is further distinguished by a high melting- 
point (252° corr.) and very slight solubility in 
alcohol (1: 6400 at room temperature). 


Ergosine, CgoHj^O^Ng, was obtained by 
Smith and Timmis {ibia. 1937, 400) by boiling 
ergosinine with phosphoric acid in acetone- 
alcohol. Prisms from ethyl acetate, m.p. 228° ; 
it is much more soluble in methyl alcohol than 
its isomer and crystallises without methyl 
alcohol of crystallisation. The hydrochloride, 
m.p. 235°, the hydrobromide, m.p. 230°, and the 
nitrate, m.p. 215°, all crystallise with 1 mol. of 
acetone. 

Ergosinine, CgpHg^OgNg, was obtained by 
Smith and Timmis from the total water-in¬ 
soluble alkaloids by extraction with boiling 
benzene and shaking the benzene solution with 
1% sodium hydroxide. The aqueous solution, 
acidified to Congo Red with sulphuric acid, 
deposited sparingly soluble sulphates, and the 
filtrate from these gave with sodium bicarbonate 
a precipitate of crude ergosinine, which crystal¬ 
lised on treatment with a little methyl alcohol ; 
solvent-free prisms, m.p. 228°, from 90% alcohol; 
aqueous acetone, benzene or ethyl acetate. 
BJMeOH. m.p. 220°, from methyl alcohol. 
Ergosinine closely resembles ergotinine and 
i^-ergotinine in rotation and solubilities, and 
differs chiefly in having more pronounced acidic 
properties (c/. Kiissner’s separation of ergotinine 
from ergoclavine, which latter is a molecular 
comjwund of ergosinine with ergosine). 

Ergometrine, CjgHggOgNg, crystallises best 
from 400 parts of benzene or 10 parts of methyl 
ethyl ketone (Dudley, Proc. Roy. 80c. 1935, 
[B], 118, 478), m.p. 162-163°. It is freely soluble 
in the lower alcohols, ethyl acetate and acetone, 
very sparingly in chloroform (<Cfl*l%)- is 
moderately soluble in water, yielding a blue- 
fluorescent dextro-rotatory solution, alkaline to 
litmus and becoming brown on exposure to air. 
It crystallises with benzene, methyl ethyl ketone 
and other solvents of crystallisation ; i mol. of 
ethyl acetate is particularly firmly held and 
the product melts at 103-132° ; yet at —4° 
it is deposited from ethyl acetate in solvent- 
free plates, m.p. 161°. In water [aj^ -f76° ; 
in alcohol and alcohol mixed with chloroform it 
is also dextro-rotatory, but it is lasvo-rotatory in 
pyridine, benzene and in chloroform. B,HCI» 
m.p. 245-246°, and B,HBr, m.p. 236-237°, 
crystallise readily from water ; yellow hydrated 
picrate, m.p. 148°, ruby-red anhydrous picrate, 
m.p. 188°. The identity of ergometrine with 
ergobasine (StoU and Burckhardt, Bull. Sci. 
Pharmacol. 1935, 42, 257), ergostetrine (Science, 
1935, 81, 896) and ergotocine (Kharasch and 
Legault, ibid. 1935, 81, 338) has been admitted 
by those concerned (Nature, 1936, 137, 403). 
For a fifth name, ergonovine, see J. Amer. Med. 
Assoc. 1936, 106, 1008. 

Assay. 

Keller (Schweiz. Wochenschr. Chem. Pharm. 
1894, 82, 121, 133 ; Iziaug. Diss. Ziirich, 1897) 
defatted powdered ergot with light petroleum, 
then extracted the aUcaloid with ether in the 
presence of magnesium oxide and water, and 
shook an aliquot portion of the ethereal solution 
with three successive quantities of hydrochloric 
acid. From the solution of the chlorides, made 
alkaline with ammonia, the alkaloid was ex- 
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tracted by ether ; the ethereal solution was 
evaporated and the residue weighed. This 
residue, however, does not accurately represent 
total alkaloid, for it also contains a yellow 
colouring matter ; moreover on shaking an 
ethereal solution with hydrochloric acid, in¬ 
soluble chlorides may be formed and lost by 
filtration ; hence an organic acid {e.g. tartaric) 
should be used. It is also better to precipitate 
the alkaloids with sodium carbonate and filter 
them off ; (!olouring matters remain in the 
filtrate. I’he precipitated alkaloid should not 
be titrated (as in the German Pharmacopoeia) 
since adsorbed sodium carbonate (with a small 
equivalent weight) causes a serious error ; the 
precipitated alkaloid should be weighed, or 
better still, its nitrogen content should be 
estimated by the micro-Kjeldahl method, by 
which all five nitrogen atoms can be titrated as 
ammonia, instead of the single basic nitrogen in 
the alkaloids ; moreover tlie colouring matter 
is non-nitrogenous (Schlemmer, Wirth and 
Peters, Arch. Pharrn. I93h, 274, lb, which paper 
discusses the assay in detail). According to van 
Pinxteren (Pharrn. Weekblad. 19,34, 71, 1230) 
the method of (xoris and Liot (Bull. Sci. 
Pharmacol. 1924, 31, 379) has not re<?eived the 
attention it deserves ; it consists in precipitating 
the alkaloids with silicotungstic acid ; the 
precipitate is ignited and the weight of ash, 
multiplied by 0-74, gives the weight of alkaloid. 
Of late years a colorimetric method has been 
much employed, depending on the intense blue 
colour produced by p-dimethylaminobenzalde- 
hydo with lysergic acid, and hence equally 
with equimolecular proportions of all the 
alkaloids. The (colour is only fully developed 
on exposure to light, but a tra(‘e of ferric chloride 
at once induces a maximum colour (Allport and 
Cocking, Quart. J. Pharrn. 1932, 5, 341). This 
colorimetric method has been adopted by the 
British Pharmacopoeia, Since the recognition 
of ergometrine as the most important therapeutic 
principle of ergot, the above assay methods have 
lost much of their importance, and require 
modification. Ergometrine is partly or wholly 
lost in Keller’s method and its modifications, and 
is estimated along with 4 or 5 times its weight 
of complex alkaloids (ergotoxine, etc.) by the 
colorimetric method. Hampshire and Page 
{ibid. 1936, 9, 60) have apparently overcome this 
difficulty by estimating the total ether-soluble 
alkaloid (by comparison with ergotoxine ethane- 
sulphonate), shaking the ethereal solution of the 
alkaloids with water, made alkaline to litmus 
by ammonia, until the ergometrine is removed 
(t.c. until the aqueous washings no longer give 
the coloration with p-dimethylaminobenzalde- 
hyde) and then estimating the complex alka¬ 
loids separately. The difference gives the 
ergotoxine, colorimetrically equivalent to the 
ergometrine ; by multiplying with 0*638 the 
weight of ergometrine itself is found. 

Biological methods, including the not very 
specific blue coloration of the cock’s comb 
(United States Pharmacopoeia, 11th ed., 1936, 
148) and the more specific methods utilising the 
antagonism to adrenaline (rabbit’s uterus. Broom 
and Clark, J. Pharrn. Exp. Ther. 1923, 22, 69), 
have likewise lost their importance with the 


discovery of ergometrine, which can only be 
assayed by clinical experiments or, less well, by 
means of the puerperal uterus of bitches or cats. 

Non-Alkaloidal Constituents. 

Fresh ergot contains 4*4-4*8% of water, 
which on keeping may rise to 10%. Ash 2*2- 
7%, generally about 4% ; the chief mineral 
constituent of ergot is dihydrogen potassium 
phosphate. The fatty oil constitutes about 
one-third of the weight of the ergot ; the 
last traces are only slowly extracted by ether, 
not completely by light petroleum (Kraft). 
The oil is dextro-rotatory (Matthes and Schiitz, 
Arch. Pharrn. 1927, 265, 541) and the solid fatty 
acids amount to 28%, mostly palmitic, with some 
higher acids ; 36% hydroxyoleic ; 32*4% oleic ; 
3*6% linoleic acid. According to Matthes and 
Kiirschner (ibid. 1931, 269, 88), the hydroxy- 
oleic i80ctadec-9-en-l 2-ol-1 -oic acid, identical with 
ricinoleie acid, an oily liquid, [a]}® +6*59*^, 

1-4720. The oil extracted by ether con¬ 
tains all or nearly all the alkaloid ; light 
petroleum only extracts a little alkaloid if the 
oil has become rancid. The amount of free 
fatty acid in fresh ergot is about 1%, but 
in old ergot it may rise considerably. The non- 
saponifiable part of the oil is given as 0*35-T0%, 

! of which less than one-third is ergosterol, dis¬ 
covered by Tanret (1889 ; Ann. Chim. Phys. 
1908, [viii], 15, 313) ; it is accompanied by 
fungiaterol, C25H^j)0H,H20, m.p. 144^ [ajo 
—22*4° in chlorotorm (Tanret). According to 
Kraft (Arch. Pharrn. 1906, 244, 336) arul to 
Dietcrle, Diester and Thimann (ibid. 1927, 
265, 171) ergot contains 0*1% of ergosteroL 
It contains one-eighth to one-quarter times as 
mu(;h vitamin D as does cod-liver oil (Mellanby, 
Surie and Harrison, Biochem. J. 1929, 28, 710). 
Trehalose is present in variable amount (of the 
order of 0*1%), as is mannitol ; both are com¬ 
mon in fungi. Clavicepsin^ CiqH 34O]0,2H2O, 
was extracted from ergot by Marino-Zuco and 
Pasquero (Gazzotta, 1911, 41, fii], 368), by 
means of 95% alcohol, in a yield of 1*5-2%, 
m.p. 91°, anhydrous 198°, [a]j® 4-142*27°. 

It is easily hydrolysed to two molecules of 
glucose and one of mannitol. Various amino- 
axids occur in ergot in the free state, in small 
amounts (leucine, valine, aspartic acid, tyro¬ 
sine ?, histidine ?), and also amines derived from 
them by decarboxylation; among these are iso- 
amylamine^ putrescine and cadaverine, agmatine 
(S-guanidylbutylamine, Engeland and Kutscher, 
Z. physiol. Chem. 1910, 24, 479, 589), all derived 
from amino acids ; trimethylamine is derived 
from choline. Acetyl choline was first found in 
nature in ergot (v. Choline). Betaine was found 
in ergot by Kraft (Arch. Pharrn. 1906, 244, 336). 

Histamine (jg-iminazoljd - ethylamine, 4-j3- 
aminoethylglyoxaline): 

/NH-CH 

IL 

^N—C-CHg-CHa-NH^ 

is the most important of these amines. Its 
intense physiological activity was not recognised 
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until it was isolated fn^m a commercial dialysed 
ergot preparation (Barger and Dale, J.C.S. 1910, 
97, 2592). It can be obtained directly from 
histidine by putrefaction (Ackermann, Z. 
physiol. Cbem. 1910, 65, 504) ; this process 
has been patented and is used industrially; 
the yield is inconstant, but may reach 60%. 
It is also manufactured by the reduction of the ' 
nitrile of iminazolyl acetic acid (P3^man, J.C.S. 
1911, 99, 668), which nitrile can, in its turn, 
be made from histidine by the action of 
chloramine-T (Dakin, Biochem. J. 1916, 10, 
322). Cy. Koessler and Hanke, J. Amcr. Chem. 
Soc. 1918, 40, 1706, and Pyman and Ewins, 
J.C.S. 1911, 99, 339. The chief commercial salt 
is the diphosphate^ C5H9N3,2H3P04, large 
crystals ; the dipicratCy yellow rhombic leaflets, 
m.p. 238-240'^, maybe used for its recognition (to¬ 
gether with Pauly’s reaction with sodium diazo- 
benzone sulphonate, rose pink at 1:10,000). 
Histamine is widely distributed in nature ; it 
has been found in animal tissues (Best, Dale, 
Dudley and Thorpe, J. physiol. Chem. 1927, 
62, 397) and its connection with ergot is mainly 
historical. Because it causes contraction of 
the isolated guinea-pig’s uterus at very high 
dilution, its introduction into obstetrics was 
attempted ; a sulxmtancoua injection of 2 mg. 
acts promptly on the puerperal human uterus, 
but is dangerous, and much inferior to crgo- 
metrine, which moreover acts when given by 
the mouth. For a full account of the chemistry 
and parti(nilarly of the pharmacology of hista¬ 
mine, see the monograj)!! by W. Feldberg and 
E. Schilf : “ Histamin,” Julius Springer, Berlin, 
1930. 

Tyram i ne (p-IJydroxyphenylethylamme), 

OHCeH^CHgCHa-NHa, 

is derived by decarboxylation from tyrosine. 
It has a much w'eaker pharmacological action 
than histamine and is present in ergot extracts 
in amounts so minute that it makes no significant 
contribution to activity. It is formed in 
the putrefaction of protein (Barger and Walpole, 
J. physiol. Chem. 1909, 343) ; it is best 

obtained by the reduction of p-hydroxy- 
benzylcyanide (Barger, J.C.S. 1909, 95, 1123); 
small quantities can readily be made by heating 
tyrosine under reduced pressure, best in di- 
I)henylamine solution (EhrUch and Pistschimuka, 
Ber. 1912, 45, 1006 ; Abderhalden and Gebelein, 
Z. physiol. Chem. 1926, 152, 125). It can be 
removed from aqueous solution by continous 
extraction with ether, or by amyl alcohol, 
m.p. 161°, b.p. 176-180°/8 mm. Dibenzoyl 
derivativey m.p. 170°. 

Ergothioneine, C9Hi502N3S,2H20, m.p. 
290°, [a]x) 4-110°, was discovered by Tanret 
(J. Pharm. Chim. 1909, [vi], 80, 145 ; compare 
for its method of isolation Eagles, J. Amer. 
Chem. Soc. 1928, 50, 1386). It dissolves in 
8-9 parts of water at 20° and is insoluble in 
ether, very slightly soluble in alcohol. Barger and 
Ewins (J.C.S. 1911, 99, 2336) showed it to be 
the betaine of thiolhistidine: 


(c/. also Akabori, Ber. 1933, 66 , [B], 154). 
For a long time this substance was con¬ 
sidered to be a specific constituent of ergot, 
but it too was found to be of more general 
interest when Newton, Benedict and Dakin 
(J. Biol. Chem. 1927, 72, 367) and Eagles 
and Johnson (J. Amer. Chem. Soc. 1927, 49, 
575) identified it in small quantity in mam¬ 
malian blood corpuscles. It may be derived 
from f-2-thiolhistidine, synthesised by Ashley 
and Harington (J.C.S. 1930, 2586), but as yet 
unknown in nature. For the isolation of 
ergothioneine from blood, see Williamson and 
Meldrum (Biochem. J. 1932, 26, 815) ; the sub¬ 
stance is, however, best obtained from ergot, 
through the cuprous derivative, according to 
Pirie {ibid. 1933, 27, 204), yield 0-18%. For 
the estimation of ergothioneine, see Behre {ibid. 
1932, 26, 458) ; the last three papers give 
further referen ces. 

Uracil, C 4 H 4 O 2 N 2 , guanosine, CjoHjyOgNg, 
are two fragments of nucleiij acid whiiJi 
apparently ocean* in ergot in the free state, 
like some fission products of protein. Secale- 
arnmosidphonic axid, Cj 5 H 260 j 5 (NH 2 )S 03 H, 
colourless prisms, m.p. 200'', was isolated by 
Kraft (Arch. Pharm. 1906, 244, 336) ; it is 
probably a sugar derivative. 

Colouring Matters. 

Ergot contains a mixture of apparently specific 
red and yeUow colouring matters. Sclererythrin, 
a crimson or violet substance, is limited to the 
walls of the cortical hyphfe, where it probably 
occurs as a calcium salt. It is dissolved out by 
alcohol, by alkalis and by ether containing 
sulphuric acid, but not by ether alone (Tschirch, 
“ Handbuch dor Pharmakognosie,” Leipzig, 
1923, III, 139 ; Pharm. Acta Hclv. 1926, 1 , 
89). The substance has not been obtained in a 
state of chemical purity, but its absorption 
spectrum has been described by Tschirch (where 
see older literature) ; it is used for the detection 
of ergot in flour, etc. Two yellow colouring 
matters are extracted from ergot by ether, and 
are precipitated from the oil by light petroleum. 
Ergochrysin (Jacob], Arch. exp. Path. Pharm. 
1897, 39, 102) is doubtless identical with sclero- 
crystallin, C10H10O4, of Dragendorff and 
Podwissotzky {ibid. 1877, 6 , 153) and secalonic 
acid, Ci 4 Hi 4O0, of Kraft {l.c.). According to 
Bergmann (Ber. 1932,65,1489) it has the formula 
^28*^28^i2» ““-P* 266°, and yields as degradation 
products l:3:5-cre8otinic acid and 2:4:2':4'- 
tetrahydroxydiphenyl. Ergofiavin, 

m.p. 344° (Freeborn, Pharm. J, 1912, [iv], 
84, 668 ; Bergmann, Ber. 1932, 65, [B], 1486), 

I is hardly soluble in hot benzene (separation from 
ergochrysin and its amorphous hydrate) ; it is 
a pentahydroxylactone. 

Recognition in Flour and Bread. 


HSC=:N. /CHNMeo 

I >C-CH2-^ I I 

NHCH=^ COO 


Ergot is only likely to occur in flour made from 
unscreened rye ground in a stone mill, as found 
in the mild outbreak of ergotism in Manchester in 
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1927 (Robertson and Ashby, Brit. Med. J. 1928, 
i, 302 ; Morgan, J. Hygiene, 1929, 29, 51). For 
methods of detection see. G. Barger, “ Ergot 
and Ergotism,*’ London, 1931, p. 223. In 
flour 0*1% of ergot, or less, can be recognised 
with certainty ; it is best to concentrate the 
(lighter) ergot particles, which float in a mixture 
of chloroform and alcohol (d--=^ 1-435) and can 
then be precipitated by adding more alcohol. 
The ergot fraction is then recognised by its 
sclerythrin content, observed directly or spectro¬ 
scopically, or by histological methods. In the 
case of bread, the latter methods are much to 
be preferred ; starch should bo hydrolysed first. 
In forensic medicine the powdered drug is more 
or less readily recognised in the intestinal con¬ 
tents ; the detection of alkaloid and colouring 
matter in the viscera (by moans of the spectro¬ 
scope and colour reactions) is much more difficult. 

Apart from the small mild outbreak of ergotism 
in Manchester, above referred to, there was a 
much more serious epidemic of convulsive 
ergotism in Russia as late as 1926-7. The 
gangrenous form is even more completely a thing 
of the past ; as the “ holy fire,” or “ fire of 8t. 
Anthony,” it caused great suffering in former 
centuries. It seems likely that gangrene is the 
result of poisoning by massive doses of ergot- 
oxine and similar alkaloids, but that for the 
production of the nervous lesions which char¬ 
acterise convulsive ergotism, a second factor is 
necessary ; this seems to be a diet deficient in 
vitamin A (E. Mellanby, Brit. Med. J. 1930, i, 
679 ; Brain, 1931, 54, 254 ; and particularly 
“ Nutrition and Disease,” Edinburgh, 1934, 
Chapters V and VI). 

For a full account of the subject, see the follow- 
G. Barger, “ Ergot and Ergotism,” a 
Monograph, London, Gurney and Jackson, 
1931 ; for more recent work on the chemistry 
and estimation of the alkaloids, Analyst, 1937, 
62, 340 ; for the ])harmacology and chemistry, 
the article “ The Alkaloids of Ergot,” in Heffter’s 
“ Handbuch der Pharmakologie, Erganzungs- 
werk,” Band VI, pp. 84-226, Berlin, 1938. 

G. B. 

ERGOTAMINE v. Ergot of Rye (this 
VoL, pp. 327c, 328d, 3305). 

ERGOTAM ININ E v. Ergot of Rye (this 
Vol., pp. 327c, 328d, 3305). 

ERGOTHIONEINE i;. Ergot of Rye 
(this Vol., p. 3325). 

ERGOTININE v. Ergot of Rye (this 
Vol., pp. 327c, 328c, 3285, 330a). 

ERGOTOCINE v. Ergot of Rye (this j 
Vol., p. 330d). I 

ERGOTOXINE v. Ergot of Rye (this 
Vol., pp. 327c, 3285, c, 329d). 

ER iC1N. Mesotan, Salmester. Trade name 
for the methoxymethyl ester of salicylic acid, 
H0*CeH4»C02*CH2*0Me. Ericinis employed 
in oily diluents as a counter-irritant. 

ERICOLIN is an impure glu coside isolated 
from several plants of the Ericaoe® Fara. 
{Ledum palustre Linn., Calluna vulguria Salsb., 
Rhododendron ferrugineum Linn., Arctostaphylos 
uva-ursi Spreng.) by extracting the loaves with 
boiling water and precipitating foreign acids, 
etc., with lead acetate. The presence of con¬ 
stant impurities in the material used vitiated 


the early work on the chemical nature of ericolin 
and the aglucono “ ericinol ” (Ber. 1883, 16, 
1502 ; Chem.-Ztg. 1903, 27, 794), and ericolin 
is now known to be impure arbutin (q.v.) 
(Dieterle and Dorner, Arch. Pharm. 1937, 275, 
380) although the simultaneous occurrence of 
arbutin and “ ericolin ” had been noted earlier 
(Kroebor, Pharm. Zentr. 1931, 72, 244 ; c/. 
J. and S. Rabate, Bull. Soc. Chim. biol. 1931, 
13, 604). Ericolin-arbutin essences and tinctures 
have found some application as homeopathic 
preparations (Kuhn and Schafer, Apoth.-Ztg. 
1935, 50, 1800). 

ERIGERON OIL is an essential oil obtained 
(yield 0-264%) by distilling the foliage and roots 
of Erigeron canadensis. The commerical oil has 
b.p. 172-178°, sp.gr. 0-8549-0-8963, a—f-28° to 
+ 84° (Kebler and Pancoast, Amer. J. Pharm. 
1903, 75, 21(>). Typical physical properties of a 
purified oil (Ann. Rep. Schimmel &Co. 1922,27) are 
0-8720, ajy +53° 56', 1-49922. Oil from 

the leaves alone has a slightly higher specific 
gravity and lower rotatory power than that from 
the root, and marked difl'erenccs in the properties 
of fresh or aged oils prepared from fresh or dried 
material have been noted (Rabak, Pharm. Rev. 
1905, 23, 81; 1906, 24, 326). The oil consists 
almost entirely of c/-limonene, a solid dihydro¬ 
chloride, CioHjg-2HCI, m.p. 47-48°, has been 
obtained (Beilstein and Wiegand, Ber. 1882, 
15, 2854 ; Wallach, Annalen, 1885, 227, 292) 
and tcrpineol and its esters and traces of 
citronellal have been recognised as constituents. 
See also Todd (Amer. J. Pharm. 1887, 59, 
302). 

ER IN OID. A j)roprietary name for a casein 
plastic. 

ERIOCOCCUS CORIACEUS. This is 
a scale insect consisting of a small pinkish-white 
sac occurring in clusters which encase the stems 
of young shoots of the Eucalypti^ more especially 
those on old or burnt stumps. The insects con¬ 
tain a colouring matter which dyes wool mor¬ 
danted with chromium, aluminium, tin and 
iron, brown, light amber, pale orange-brown 
and sage-green shades respectively. The colours 
thus produced are not fast to alkalis (Gurney, 
Report of the Australasian Association for the 
Advancement of Science, 1898). 

ERIODICTYOL v. Eriodictyon Glijtino- 

SUM. 

ERIODICTYON GLUTINOSUM, From 
the leaves of Eriodictyon glutinosum Benth., 
Power and Tutin (J.C.S. 1907, 91, 887) isolated 
eriodictyol and homoeriodictyol ; in addition to 
these substances, Tutin and Clewer {ibid. 1909, 
95, 81) obtained xanthoeridolf chrysoeriol and 
eriodonol. 

Eriodictyol (P. and T.), CigHiaOe, forms 
colourless needles, m.p. 267°, and homoeriodictyol 
C16H14OQ, pale yellow plates, m.p. 224-225°. 
The latter is evidently the eriodyctionon^ m.p. 
214-215°, isolated from the same source by 
Mossier (Annalen, 1907, 351, 233). 

Homoeriodictyol is a monomethyl ether of 
eriodictyol, and since it yields phloroglucinol 
and ferulic acid (4-hydroxy-3-methoxyoinnamic 
acid) by hydrolysis with concentrated aqueous 
potassium hydroxide, Power and Tutin con- 
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sidered it to be 2:4:6*trihydroxyphenyl 4- 
hydroxy - 3 - metlioxystyryl ketone. Subse¬ 
quently, Shinoda and Sato (J. pharm. Soc. 
Japan, 1929, 49, No. 563, 7) showed that 
eriodictyol is 5;7:3';4''-tetrahydroxy6avanone 
(I) and homoeriodictyol is the 3'-methoxy deriva- 


HOr^ 


HO 


I 

CO 

I. 


OH 



tive. These compounds were synthesised by 
condensing phloroglucinol with 3:4-dicarbeth- 
oxyoxycinnamoyl chloride and 3-methoxy-4- 
carbethoxyoxycinnamojd chloride respectively, 
in presence of aluminium chloride. 

Eriodictyol yields a ietra-acetyl derivative, 
m.p. 137°, and homoeriodictyol a triacetyl com¬ 
pound, m.p. 115-116°. Prolonged acetylation 
gives acetyl compounds melting at 196-197° and 
163-164° respectively (c/. Power and Tutin, l.c, ; 
Mossier, l.c.) ; these are probably substituted 
phenyl styryl ketones. 

Xanthoeridol (T. and C.), Cj^Hti 04 ( 0 H) 3 , 

yellow needles, m.p. 258°, dissolves in alkalis and 
in concentrated sulphuric' acid forming yellow 
liquids, and in dilute alcoholic solution gives a 
dark-brown colour with ferric chloride. Tri- 
acetylxanihoeridol, needles, melts at 175-176' . 

Eriodonol (T. and C.), Ci,Hi, 0 ,( 0 H) 4 , pale 
yellow needles, m.p. 209°, is soluble in alkalis 
with a bright yellow coloration and gives a dark 
purplish-brown (!olour with ferric chloride. 
With concentrated sulphuric acid, a yellow 
solution exhibiting a slight fluorescence is 
obtained. When warmed with iodine and 
sodium carbonate solution, eriodonol yields 
iodoform, and in this respect differs from 
xanthoeridol and chrysoeriol, Tetra-a^styU 
eriodonol, colourless needles, m.p. 131°, is de¬ 
scribed. 

Chrysoeriol (T. and C ), Ci 6 H 903 ( 0 H) 3 , 
golden yellow leaflets, does not melt when 
heated to 337°, gives a triacetyl derivative, 
colourless needles, m.p. 211-212°. Accord¬ 
ing to Oesterle (Arch. Pharm. 1918, 256, 
119), chrysoeriol is identical with 5:7:4'-tri- 
hydroxy-3'-methoxyflavone (luteolin 3'-methyl 
ether), which Oesterle and Kueny {ibid, 1917, 
255, 308) prepared from tetra-acetyl homoerio¬ 
dictyol by bromination and subsequent treat¬ 
ment with 50% potassium hydroxide solution. 

Lovecy, Robinson and Sugasawa (J.C.S. 1930, 
817) synthesised luteolin 3'-methyl ether by 
condensing phloracetophenone with sodium 
O-benzylvanillate and debenzylating the pro¬ 
duct. It forms yellow prismatic needles, m.p. 
330-331°, and yields a triacetyl derivative, soft 
white needles, m.p. 220-221°. 

E. J. C. 

ERIODONOL V. Ekiodictyon Gluttno- 

8UM. 

ERiOGLAUCINE. The green-blue dye 
obtained by condensing benzylethylaniline with 
benzaldehydo*o-sulphonic acid, sulphonating. 


oxidising the leuco-compound so formed and 
converting the product into the N H 4 salt (Sand- 
meyer, J. 8oc. Dyers and Col. 1896, 12, 154; 
Chem.-Ztg. 1897, 21, 535). 

Erioglaucine supra, finally as the sodium salt, 
is similarly obtained from benzaldehyde di- 
sulphonic acid and diethylaniline (U.S.P. 
731139). 

ERUBESCITE?;. Bornitk(Vo 1. 11, p. 32c) 
and CoPi’ER (V()l. Ill, p. 341c). 

ERUCIC ACID, C 22 H 42 O 2 , 

CH 3 fCH 2 ] 7 CH:CH(CH 2 ]u'COOH, 

m.p. 34° ; b.p. 254*5°/10 mm. 

Por earlier preparations of this aci<i from 
various natural oils, sec Goldschmiedt, Sitzungs- 
ber. K. Akad. Wiss. Wien, 1874, 2 Abth. 
70, 451 (from black mustard oil) ; Fitz, Ber. 
1871, 4, 442 (grape seed oil) ; RcirntT and 
WiU, ibid. 1886, 19, 3320 (rape oil from Brassica 
campestris) ; Ponzio, Gazzetta, 1904, 84, 

[ii], 50 (colza oil). For investigations of the 
erucic acid content of linseed, soya-bean, rape, 
Indian mustard and jaraba oils, see Sud- 
borough et al. (d. Indian Inst. 8ci. 1926, 9, [A], 
25) ; Grossfeld (Z. Unters. Lebensm. 1930, 59, 
412). The presence of the acid in grape oil is 
not confirmed by Tauft‘1 and Thaler (Fettchem. 
I'lnschau, 1934, 41, 196). It is reported in 
cod-liver oil (H. Bull, Bcr. 1906, 39, 3570). 

isolation of the ac'id in a pure state from rape 
oil is described by Holdo and Wilke (Z. angew. 
Chem. 1922, 35, 105, 289), who effected a separa¬ 
tion from saturated impurities by means of the 
methyl esters and by fractional precipitation of 
the impurities with lithium acetate. Its isolation 
from rape oil is also described by Kimura (J. Soc. 
Chem. Ind. Japan, 1929, 32, 262). The solu¬ 
bility of erucic acid in 95% alcohol at —20° 
has been used for a separation from other fatty 
acids (Holde and Marcusson, Z. angew. Chem. 
1910, 23, 1260). For its preparation, see 

Organic Syntheses, 1930, 10, 44. 

Conversion of erucic acid into its isomer, 
brassidic acid {q.v.), may be effected : {a) with 
30% nitric acid and sodium nitrite, at 54-58° 

I (Rankoff, J. pr. Chem. 1931, [ii], 131, 293) ; 
(6) with sulphur and water at 180° or with 
saturated sodium bisulphite solution at 150° 
(Rankoff, Ber. 1930, 68, [B], 2139) ; (c) with 
oxides of nitrogen (an equilibrium reaction dis¬ 
cussed by Griffiths and Hilditch, J.C.S. 1932, 
2315). 

Comparison of erucic and brassidic acids with 
regard to melting-point, ease of hydrogenation 
(Paal and Schiedewitz, Ber. 1930, 63, [B], 766) 
and parachor value (Semeria and Ribotti- 
Lissone, Gazzetta, 1930, 60, 862) suggests a 

configuration for the former and trans- 
for the latter. Holde and Zadek, however, 
suggest a fm/w-configuration for erucic acid on 
the basis of conductivity measurements (Ber. 
1923, 56, [B], 2052). 

Erucic acid is reduced to behenic acid by 
hydriodic acid and amorphous phosphorus 
(Goldschmiedt, Jahresber. 1876, 579), or by 
heating with iodine in a sealed tube for 4 hours 
at 270° (Reychler, Bull. Soc. chim. 1889, [Ui], 1, 
296). Erucic acid, with phosphorus triiodide, 
yields iodobehenic acid, which, on treatment 
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with alcoholic potaHh, gives Mo-erucic acid, 
m,p. 64® (Ponzio, lx.). The latter substance, on 
the evidence of the products of its oxidation by 
ozone and by KMn04, has been shown to be a 
mixture of aiid A^®-docosene-l-carboxylic 
acids (Mirchandani and Simonsen, J.C.S. 1927, 
371). 

Erucic acid forms a dihroinidej 
ra.p. 42-43°. The dibromide, heated at 145° 
for 7-8 hours with 4-5 mol. of alcoholic potash, 
yields potassium behcnolate, C^jHa^COOK 
(Holt, Ber. 1892, 25, 961). Behenolic acid is 
reduced by zinc dust and acetic acid to brassidic 
acid. With alcoholi<; potash at ordinary tem¬ 
peratures the di bromide gives a mono bromide, 
^22^41^2®*'* Ii'om which a tribromide is 
obtainable by addition of bromine. Under the 
influence of moist silver oxide erucic acid di- 
broraido yields a mixture of a hydroxy acid, 
C22H42O3, and solid dihydroxybehenic acid, 
C22H44O4. Dihydroxybehenic acid is obtain¬ 
able also by boiling hydroxy erucic acid with 
potash, or from erucic acid with potassium per¬ 
manganate (Hazura and Griissner, Monatsh. 
1888, 9, 947). 

Ozonolysis of erucic acid yields nonaldehyde 
and the half-aldehyde of brassy lie acid, 
C13H24O3 (Holde and Zadek, Ber. 1923, 56, 
[B], 2052). Potash fusion yields arachidic and 
acetic acids. Concentrated nitric acid yields 
arachidic acid, brassylic acid, pelargonic acid 
and dinitrononane (Fileti and Ponzio, J. pr. 
Chem. 1893, fii], 48, 323). With concentrated 
sulphuric acid behenolactone is obtained 
(8hukow and Schestakow, Chem. Zentr. 1908, 
II, 1415). 

Erucic anhydride^ C44H82O3, m.p. 46°, is 
obtained from the acid by the action of acetic 
anhydride for 7 hours at 170° (Holde and Wilke, 
Z. Angew. Chem. 1922, 35, 289). 

Sodium erucate is alcohol-soluble, while the 
hariumy lead and silver salts are alcohol-in- 
soluble. For calcium erucatCy m.p. 102-103°, 
see Klimont (J. pr. Chem. 1925, [iij, 109, 265). 
The barium and lead salts are described by Otto 
(Annalen, 1863,127, 182 ; 1865, 135, 226). The 
acid salt, potassium hydrogen erucate, has 
been })repared by Levi (Gazzetta, 1932,62, 709). 

Methyl erucatCy b.p. 221-222°/5 mm. Ethyl 
erucatCy b.p. 229-230°/5 mm., >300°/760 mm. 
Erucamidcy m.p. 83° ; erucanilidey m.p. 66° 
(Toyama, J. 80c. Chem. Ind. Japan, 1922, 25, 
1053). ^-Phenylphenacyl erucate, m.p. 76° ; 
i^-chlorophenacyl erucate, m.p. 66® ; p-6rowo- 
pheuacyl erucate, m.p. 62*6° (fomm-a, ibid. 1932, 
35, 221). Monocarbamide of erucic acid, m.p. 
161-6® (Stendal, Compt. rend. 1933, 196, 1810). 
Cholesteryl erucate, m.p. 44°. Erucic dithio¬ 
cyanate is a yellow oil (Kaufmann, Chem. 
Umschau, 1930, 37, 113). 

The determination of iodine numbers by Hubl’s 
method, employing erucic acid as a test sub¬ 
stance, is discussed by Settimj (Annali Chim. 
Appl. 1931, 21, 607). 

ERUCIN. The glycerides of erucic acid, 
common constituents of oils of the rape seed 
class. 

Dierucin, m.p. 47°, is obtained on allowing 
rape oil to stand (Reimer and Will, Ber. 1886, 
19, 3320), 


Trierucin, m.p. 31°, may be prepared by heat¬ 
ing dierucin with erucic acid to 300° (Reimer and 
Will, ibid. 1887, 20, 2386) and forms the solid 
constituent of the oil from Tropaeolum majus 
(Gadamer, Arch. Pharm. 1899, 237, 472). 
Its nutritive value has been examined by J. 
Ozaki, Proc. Imp. Acad. Tokyo, 1927, 3, 439). 

ERVASIN. Trade name for acetyl creso- 
tinic acid, mp. 140-141° (Pharrn.-Ztg. 1912, 57, 
303). 

ERYTHREN E, butadiene, v. Butadienes 
AND Polyolefins (Conjugated) (Vol. II, 
p. 154/>). 

ERYTHRIC ACID v. Alloxan (Vol. I, 
p. 243J,). 

ERYTHRIN, a lichen acid. 

ERYTHRITE or COBALT-BLOOM. A 

mineral consisting of hydrated cobalt arsenate, 

C03(As04)2-8H20, 

crystallising in the monoclinic system and iso- 
morphous with the iron salt vivianite. Some¬ 
times, as at Schneeberg in Saxony, it occurs as 
beautiful radially arranged groups of blade¬ 
shaped crystals with a bright crimson colour and 
brilliant lustre. More usually, however, it 
forms an earthy, peach-blossom red encrustation 
on other cobalt minerals, of which it is an altera¬ 
tion product. It has been found in the Dolcoath 
mine in Cornwall, Thuringia, Allemont in 
France, Cobalt in Ontario, Chile, Queensland, 
etc. The name 6rythrine was given by F. 8. 
Beudant, in 1832, from epvdpos, red. Erythrite 
of T. Thomson (1843) is a flesh-red variety of 
orthoclase-felspar. 

L. J. S. 

ERYTHRITOL v. Carbohydrates (Vol. II, 
p. 2966). 

ERYTHROopoCYANINE u. Cyanine 
Dyes (Vol. Ill, p. 529a). 

ERYTHROPHLCEUM SPECIES, AL¬ 
KALOIDS OF. Erythrophlocine, possibly 
C2 «h„o,n, is an alkaloid fr om Sassy bark of 
Erythrophloeum guineense G. Don, a large legu¬ 
minous tree from the west coast of Africa. A 
similar or possibly identical alkaloid is contained 
in E. cambodianum and E. succirubrum, which 
occur in Madagascar and in the Seychelles 
Islands. From E. Courninga (occurring in Mada¬ 
gascar), Laborde (Annales du Musee Colonial de 
Marseilles, 1907-1908) isolated a crystaUino 
hydrochloride (yield 0-4%) which may possibly 
be identical with the alkaloid from E. guineense. 
The alkaloid seems also to occur in a South 
African native drug, E. lasianthum (Kamerman, 
S. African J. Sci. 1926, 23, 179). The bark ofE. 
guineense is used as an arrow-poison and in ordeals 
because of its intensely poisonous properties ; it 
is also known as Casca, Red Water or Mancona 
bark. Y ield from bark 0*008% (Power and Salway 
Amer. J. Pharm. 1912, 84, 337, where earlier 
literature is mentioned). The alkaloid was 
later extracted by Maplethorpe (Pharm. J. 
1923, 111, 85) with a yield of 0*1%. The 
varying yields are possibly due to the use of 
different varieties and mainly to decomposition 
by heat and chemical reagents during the process 
of extraction. Apparently the alkaloids are 
substituted acid amides or esters of a nitrogen- 
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free acid {erythropMceic acid of earlier investi¬ 
gators) of an amino-alcohol, and thus prone 
to easy decomposition. Dalma (Amer. Chem. 
Abstr. 1936, 30, 6378) extracted four new alka¬ 
loids from E. guineense, viz. Caaaaine (I), 
CbjHtoO^N, m.p. 141°, [a]^“ -103° (in aba. 
EtOH) ; casaaidine (II), C 24 H 43 O 5 N, m.p. 
113° ; nor-caasaidine (Ill), m.p. 

131° ; and homophleine (IV) amorphous. I-lII 
yield crystaUino salts; colour-reactions with 
molybdeno-sulphuric acid seem to be charac¬ 
teristic. 

Cassaine is identical with a drug called 
nervocidine m.p. 141°) recom¬ 

mended by Dalma for use as an ansesthetic in 
dental surgerj^ (r/, Maplethorpe, lx. ; for refer¬ 
ences, see Hesse, Arch. exp. Path. Pharm. 1927, 
119, 271). Nervocidine base is an ester of an 
unknown hydroxy-keto-acid, (CjgH2902)C02H, 
m.p. 206°, with jS-dimethylaminoethanol, 
(Ci9H2902)C02-CH2-CH2-NMe2 (private 
communication, Ruzicka); see also Helv. Chim. 
Acta, 1939, 22, 1497, 1516. Recent investiga¬ 
tions make it clear that E. guineense contains 
several alkaloids, but the existence of above 
alkaloids II-IV is not yet ascertained (jmvate 
communication, Ruzicka). From a commercial 
product and also by careful extraction of 
fresh bark a crystalline perchlorate was obtained 
in a yield of about 25% of the total alkaloids, 
m.p. i<»8-i>(»0°, [a]" -32-40°, formula 

C27H43(m)0,N-HC104. 

These results are contrary to the findings of 
Dalma (be.); the above perchlorate may still 
be a mixture of secondary and tertiary bases. 
The alkaloid contains one methoxyl-group, but 
the free base has not yet been obtained in a 
crystallino state. By hot acids and alkalis it 
is split into a basic part of small molecular 
weight and a i)olyhydroxy-monoketo acid con¬ 
taining one methoxyl group. 

The alkaloids of Erythrophlceum are the only 
ones known having a digitalis-like action on the 
heart. The ancesthetic properties may be 
explained by assuming that the alkaloids are 
esters of simple amino-alcohols. The crude 
hydrochlorides are used to a limited extent in 
medicine. 

Schl. 

ERYTHRO-RESINOTANNOL v. Bal¬ 
sams, xanthorrhoea (Vol. I, p. 6186). 

ERYTHROS IN. Di-sodium, salt of, 2:4:5;7- 
tetraiodofluorescein, may be prepared by electro¬ 
lysing a mixture of fluorescein (1 part) and finely 
powdered iodine (1*5 parts) in soda solution. 
The vessel is provided with a diaphragm, and 
the fluorescein mixture occupies the anode space, 
whilst a dilute solution of sodium carbonate or 
hydroxide forms the cathode liquid (G.P. 108838, 
1899 ; Chem. Zentr. 1900, I, 1176; cf. Frdl. 
1877-87, Theil I, 316). 

The commercial product is a brick-red powder 
dissolving in dilute alkalis without any marked 
fluorescence. It can be purified by dissolving 
in aqueous ether, filtering and shaking with 
dilute caustic soda. The sodium salt is pre- 

X “ sited by the addition of strong alkali, and 
filtering, washing and recrystallisation 
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from alcohol it can be dissolved in water and 
the Na-free compound liberated by treatment 
with hydrochloric acid (Myliiis and Foerster, 
Ber. 1891, 24, 1482). The commercial product 
is usually contaminated with various substances, 
e.g. Rose Bengale (Leys, Ann. Chim. anal. 1916, 
21. 25). 

Pure erythrosiii is beat prepared from pure 
tetraiodofiuoroscein, which is obtained by direct 
balogenation of fluorescein in hot dilute acetic 
acid with excess of iodine and subsequent purifi¬ 
cation by washing with dilute sulphuric acid 
and alcohol, and precipitation from solution in 
dilute sodium hydroxide. It is separated from 
a slight impurity of di-iodofluorescein by con¬ 
version, by boiling acetic anhydride, to the 
diacctate, wdiich after three recrystallisations 
from hromobenzene alternated with acetone has 
m.p. 293-204°. Hydrolysis gives piire crystal¬ 
line totraiodofluorescein, which is converted to 
erythrosiii by neutralisation with sodium car¬ 
bonate in suspension in absolute alcohol. The 
salt is deposited in red crystals after concentra¬ 
tion of the solution and addition of ether. It 
contains both water and alcohol of crystallisa¬ 
tion, and the former is not completely removed 
even after long drying at 160-170° (Goraberg 
and Tabcrn, Jnd. Eng. Chem. 1922, 14, 1115). 
3'he pure product is almost insoluble in absolute 
ether, benzene or chloroform, but soluble in 
ai'ctone, alcohol and aqueous ether. It forms a 
dark-red addition compound with hexamine in 
chloroform (Cohn, Chem. Zentr. 1912, I, 
996). 

Erythrosin is often mixed with Rose Bengale 
(Na -salt of tetraiodo-dichlorofluorescein) to 
suppress its fluorescence, and with common 
salt to increase its solubihty. The former 
mixture is often used in France to colour food¬ 
stuffs, but the presence of Rose Bengale is for¬ 
bidden in America. Jean (J.S.C.l. 1908, 27, 
70) gives one method for estimating I and Cl and 
hence Rose Bengal in erythrosin, and others are 
given by Leys (Lc.), Cocking, Kettle and 
Chappel (Pharm. J. 1919, 103, 80), and Gom- 
berg and Tabem {lx.). Ingersoll (Ind. Eng. 
Chem. 1917, 9, 955) gives a method for the 
determination of erythrosin in foodstuffs. 
Rost (Cliem. Zentr. 1912, II, 940) states that 
erythrosin has no poisonous or harmful effect 
on the animal organism, but Salant and Bengis 
(J. Pharm. Exp. Ther. 1917, 9, 344) say that it is 
more toxic than fluorescein, causing a fall in the 
blood-pressure and a slowing of the respiration. 
For its use in colouring foodstuffs, see Drake- 
Law (J.S.C.L 1926, 45, 428T). 

Erythrosin is strongly fluorescent in alcohols, 
acetaldehyde and ethyl acetate, but weakly so 
in pyridine, ethylene dibromide and chloroform 
(L4pine, Chem. Zentr. 1916,1, 130). Piperidine 
reduces the fluorescence (Dilthey, et al. Ber. 1926, 
69, [B], 1866), and solutions of the dyestuff in 
glycerol and benzyl alcohol lose their fluorescence 
on exposure to ultra-violet light (Asterblum, Bull. 
Inter. Acad. Polonaise, 1924, A, 7-8, 297). The 
colour of erythrosin fades imder the influence of 
light and of hydrogen peroxide, particularly in 
the presence of caustic potash. 

Erythrosin considerably enhances the action 
of light and oxygen on bacteria (Mettler, 
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Chem. Zentr. 1905, TI, 1037; Huber, ibid, 1906, 

l, 148 ; anti on blood (‘t>rpuHeleB (Sacharov and 
Sachs, ibid. 1906, I, 1420). It can be used to 
distinguish live from boiled dead yeast cells, 
as the latter adsorb the dyestuff much more 
quickly (Fraser, J. Physical Chem. 1920, 24, 
741). Erythrosin is employed in the cotton 
and paper industries ; polyhydric phenols in¬ 
crease its stability to light on wool (Gillct and 
Giot, ('ompt. rend. 1923, 176, 1568). Thovert 
{ibid. 1909, 148, 30) has attempted to apply it 
to colour photography, but with little success 
(c/. also Stark, Physikal. Z. 1907, 8, 248) ; 
but it can be used for sensitising photographic 
plates (Walters and Davis, Chem. Zentr. 1922, 
II, 1008), and as a sensitiser in photoelectric 
experiments (Schluederberg, J. Physical Chem. 
1908, 12, 026). It has been used as a sensitising 
agent in the irradiation of ergosterol (Merck, 
Aust. P. 113123). It can be used as an indicator 
in analysis (Mylius and Foerster, lx. ; Ellras, 
J. Amcr. Chem. Soc. 1899, 21, 359). 

The corresponding potassium salt is reddish- 
orange ; the ammonium salt is deep-red; and 
the silver salt is rod (Pratt and Coleman, J. 
Amer. Chem. Soc. 1918, 40, 230). The methyl 
ether, C21H1QO5I4, of the sodium-free com¬ 
pound is bright-red and amorphous, the di¬ 
acetate forms yellow crystals, m.p. 293-294°, 
while the dibenzoate forms i)ale-yellow crystals, 

m. p. 288° (corr.) {idem, ibid.). The cassium 
salt has been prepared from an acid solution 
of erythrosin and CsOH, and used in histology 
(Dolaplace, F.P. 021420). A mercury derivative 
has been obtained by the treatment of an 
acpieous suspension of erythrosin with 
Hg(OAc )2 and acetic acid, the precipitate being 
dissolved in caustic soda to give a germicidal, 
stable alkali derivative of the mono-mercury 
derivative of tetraiodofluorescein (Roeg, U.S.P. 
1786172). 

ER YTH ROSIN S Eosin (this Vol., p. 316c). 

ERYTHROXYANTHRAQUINONE r. 

Alizarin (Vol. I, p. 210a). 

ERYTHROZYM E is the enzyme of madder, 
the ground root of Jiubia tinctorum,, and 
hydrolyses the glycoside therein present to 2 
molecules of glucose and an anthraquinone 
aglucone. The two glucose residues are present 
as gentiobiose. 

E. F. A. 

ESBIT V. Adsorption (Vol. T, p. 153a). 

ESERAMINE v. Calabar Bean (Vol. II, 
p. 200a). 

eserI nut V. Calabar Bean (Vol. II, 
p. 198d). 

ESERETHOLE v. Calabar Bean (Vol. II, 
p. 199c). 

ESERIDINE Calabar Bean (Vol. II, 
p. 2006). 

ESERINE or PHYSOSTIGM INE v. 

Calabar Bean (Vol. II, p. 198d). 

ESEROLINE v. Calabar Bean (Vol. II, 
p. 199c). 

ESPARTO V. Alfa. 

ESTERIFICATION. The reaction be¬ 
tween an acid and a monohydric alcohol appears, 
at first sight, to be exactly analogous to the 
l^eiitralisaSon of an acid by a monoacid base; the 
Vou IV.—22 


product formed in the second reaction is a 
metallic salt, and that in the first reaction is 
termed an alkyl salt or more commonly an ester. 
The esters can be regarded as metallic salts in 
which the metallic radicals have become re¬ 
placed by alkyl groups. Corresponding to 
mono-, di- and tri-valent metallic radicals are 
the mono-, di- and tri-valent hydrocarbon 
radicals, methyl CH3—, ethyl —, })ropyl 

C3H7—, etc., methylene CHg-C, ethylidene 
CH3-CH<, etc., glyceryl etc. The pro¬ 

cess of the conversion of an acid into its alkyl 
salts is usually termed esterification, and is the 
common method by means of which esters are 
prepared. Although this reaction appears to be 
similar to the process of neutralising an acid by 
means of an alkali, there are three important 
points of difierence : 

1. The reaction between an acid and an 
alkali in aqueous solution is instantaneous, 
whereas the reaction between an acid and an 
alcohol is usually slow, and lends itself readily 
to study as a time reaction. 

The reaction in most cases is so slow that the 
presence of a catalyst—as a rule a strong 
mineral acid—is essential. The process is then 
termed catalytic esterification as contrast ed with 
direct esterification. 

Goldschmidt showed that, using a dilute 
alcoholic solution of the acid with hydrogen 
chloride as catalyst, the velocity of the reaction 
can be determined by means of the eqxiation for 
a unimolecular reaction, k=llt log(a/a—a:); since 
under these conditions the mass of the alcohol 
can bo regarded as constant, and the reaction is 
practically non-reversible in the presence of the 
large excess of alcohol. The concentration of 
the acid at any given moment can be determined 
by direct titration with standard barium 
hydroxide solution, using phenolphthalein as 
indicator. When, however, the ester formed is 
readily hydrolysed, as in the case of ethyl 
formate, ethyl trichloracetato and ethyl pyru¬ 
vate, it is necessary to titrate with ammonium 
hydroxide solution, using litmus as indicator, 
as the end point is indefinite. The constant k 
is directly proportional to the concentration of 
the hydrogen chloride in the absence of water, 
and falls to some extent as t (time) increases, 
owing to the fact that the water produced 
during the esterification has a retarding effect. 

Goldschmidt and Udby (Z. physikal. Chem. 
1907, 60, 728) give the following modified 
formula for calculating the velocity constant; 

K.c=i(n-i-^+a)logf™j^ —X 

where c=concentration of catalyst, w—con¬ 
centration of water, and r--~hydrolytic constant 
of the complex alcohol ion (r=0*15 in the case of 

ethyl alcohol, C2H50,H). 

The constants obtained by means of this 
equation agree better, and do not show the 
tendency to decrease as t increases, a tendency 
which is marked when the constants calculated 
by means of the ordinary equation for a uni- 
molecular reaction are used. 

The value of r varies with the alcohol used, 
but remains constant for different acids. 
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2. In the equation A:—PZe—where P is 
a factor characteristic of the reaction and Z is 
the collision number. When k is infinite, as in 
neutralisation, E, the energy of activation, is 0; 
but when k is finite, as in esterification of 
methyl alcohol and acetic acid with hydrions, 
E has a definite value, e,g. 10,200 g.-cal. 
(Williamson and Hinshelwood, Trans. Faraday 
Soc. 1934, 30, 1145; cf. also M. M. Davies, ibid. 
1937, 33, 331, who by a study of the a<*tioii of 
benzyl alcohol on benzoic acid in benzene claims 


Using one equivalent of acetic acid and one 
equivalent of ethyl alcohol, Berthelot and P. de 
St. Giiles showed that equilibrium is reached 
when 0-06 mol. of acid and of alcohol have been 
transformed, leaving 0*33 mol. in the free state; 
we thus have : 


kx 0-33X 0•33-^^^X O'fiGx 0 G6 


or 


k 

k' 


0 GG1 ^ 
.0-33] 


4 


to show that monomeric molccailes of the 
reactants alone are active). 

3. In the process of neutralisation between 
strong acids and strong alkalis, the reaction 
proceeds to completion when equivalent quanti¬ 
ties of acid and alkali are used ; but when 
equivalent amounts of acid and alcohol are 
brought together, complete conversion into 
ester and water never takes place. The reaction 
begins slowly and proceeds until a state of 
equilibrium is established. The rate at which 
the reaction proceeds and the final equilibrium 
depend upon the specific acid and alcohol 
employed and upon the temperature. The 
process of esterification is a typical balanced or 
reversible reaction: 

R C02H4 R' OH ^ R COaR'+HgO 

and is of great value in the study of the 
effects of mass action. 

The reaction between acetic acid and ethyl 
alcohol was studied by Berthelot and Pean de 
Ht. GiUes (Ann. Chirn. Phys. 1862, [iiij, 68, 

110) ; they showed that using equivalent 
quantities of alcohol and acid, equilibrium is 
reached when 66% of the reacting compounds 
has been transformed into ester and w'ater. 
They were able to show that, by working with 
an excess of alcohol, a higher percentage of the 
acid can be transformed, as illustrated by the 
following numbers: 

Equivalents of al- 'I 

cohol for one eqiii- >0 2 0*5 1-0 1*5 2 0 4 0 12 50 
valent of acid J 

Percentage of acid 

transformed into >19 42 GG-5 78 83 88 93 100 
ester J 

According to Guldberg and Waage’s law of 
mass action, formulated in 1867, the rate of 
chemical reaction is proportional to the con¬ 
centrations (molecular) of the reacting sub¬ 
stances, and to a constant which is characteristic 
of the reaction and retains the same value 
provided the temperature is (;on8tant. In the 
balanced reaction 

CHg COaH+EtOH ^ CH3 C02Et4 HgO 

the direct reaction proceeds at a rate which can 
be denoted by k.a.b, where k is the specific 
constant for this reaction and a and b are the 
concentrations of the acid and alcohol at the 
time of measuring the rate. Similarly, the 
reverse reaction proceeds at a rate k'x.d^ where 
c and d are the concentrations of the ester and 
water at the particular time. When the state 
of equilibrium is reached : 

h,a,htsak' ,c.d 


The ratio kjk' is denoted by A'", and is usually 
termed the e(piilibrium constant. It is the 
ratio of the constants for the direct and reverse 
reactions, and is independent of concentration, 
but may vary with temperature. 

This equilibrium constant enables us to 
calculate the amount of add transformed when 
any stated quantities of the giv^en acid and 
alcohol are mixed at the given temperature and 
kept until equilibrium is attained. 

Employing a mixture of a, />, c, d equivalents of 
acid, alcohol, ester and water at the given 
temperature, a~x and b—x ec^uivalents of acid 
and alcohol will be present when equilibrium is 
attained, and c-f-a: and d+x equivalents of ester 
and wat(3r will also be present, as each equivalent 
of acid reacts with an equivalent of alcohol and 
produces one equivalent of both ester and 
water. The equilibrium constant is given by the 
equation 

k {c-]-x){d-\-x) 

k' {a—x){b-~x) 

and X can be calculated when a, by r, d are 
nown. 

j Catat.ytic Esterification. 

The modern laboratory method is due to 
E. Fischer and Speier (Ber. 1895, 28, 3252). It 
consists in heating the acid with excess of 
alcohol, usually about 5 times the theoretical 
amount, in the presence of a catalyst. The most 
efficient catalysts are strong acids, and hydrogen 
chloride (about 3% of the alcohol) or concen¬ 
trated sulphuric acid (about 10% of the alcohol) 
is generally used. When hydrogen chloride is 
used it is advisable to prepare a 3% solution 
in the alcohol bedbre adding the organic acid. 
I’his solution is best prepared by weighing the 
alcohol and passing in the dry gas by means of a 
delivery tube which just touches the surface 
of the liquid, and weighing from time to time 
until the requisite increase in weight is attained. 
The organic acid is then added, and the whole 
boiled in a reflux apparatus for 3 hours. The 
greater part of the alcohol is then distilled 
off, the residue poured into about 5 times its 
volume of cold water, and the solution 
neutralised with sodium carbonate. It is then 
extracted with ether, the ethereal solution 
dried and distilled, when a 90% yield of the 
ester can usually be obtained. Esters which 
are readily hydrolysed by water, or esters which 
are extremely soluble in water, can sometimes 
be isolated by subjecting the reaction mixture 
to distillation under reduced pressure. I. and 
M. Phelps (Amer. J. Sci. 1907, [iv], 24, 194 ; 
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1908, [iv], 25, 39) advise heating the acid, c.gr. 
succinic or benzoic, with about its own weight of 
1 % alcoholic hydrogen chloride and a small 
amount of solid zinc chloride at 100-110°, and 
afterwards passing in a current of alcohol {cf, 
ibid. 1908, [iv], 26, 281). 

A method of some practical importance for 
isolating the esters is that in which use is made 
of the formation of azeotopic mixtures of the 
water formed during esterification, with a suit¬ 
able solvent. Thus a 75-80% yield of ethyl 
oxalate is obtained by distilling the alcohol and 
acid in presence of chloroform or an 80-85% 
yield with benzene (Wahl, Bull. Soc. cbim. 
1925 [iv], 37, 713; Locquin and Elghozy, ibid. 
1927 [iv], 41, 445; see also Organic Syntheses, 
Collective, Vol. I, 1932, 256). 

The method has been extended by the use 
of solvents of the dichloride type, e.g. CH2CI2* 
CHgCI CHgCI or CHMeCI CHMeCI; the 
mixture is distilled until the theoretical amount 
of water is removed as a binary mixture with 
the halide. Good yields are obtained provided 
the boiling-point of the alcohol is more than 
30° above that of the halide. 

By distilling acetic acid with the given 
alcohol and a little sulphuric acid, using a 
Vigreux column, a binary mixture of water and 
ester is obtained, followed by water and then by 
pure ester. i.9oAmyl acetate can also be pre¬ 
pared bv this method (Gay, Mion and Aumeras, 
Bull. Soc. chim. 1927, [iv], 41, 1027). 

The Catalyst. —The function of the catalyst 
is to accelerate the rate of esterification ; many 
acids which react very slowly with alcohol alone, 
e.g. acetic acid at the ordinary temperature, can 
be transformed rapidly into esters in the presence 
of a small amount of catalyst. Hydrogen 
chloride is a more efficient agent than 
sulphuric acid, the ratio being 3 : 1 (Kailan, 
Monatsh. 1909, 30, 21); but sulphuric acid is 
frequently used, as it is more convenient to 
work with. I, Phelps (Amer. J. Sci. 1908, 
[iv], 26, 290, 296) has examined the action of 
various acid sulphates, e.g. NaHS 04 , KHSO 4 , 
piperidine and aniline hydrogen sulphates, but 
finds that they are not so efficient as sulphuric 
acid, and similarly he has studied the action of 
metallic chlorides on the catalytic action of 
hydrogen chloride. Charcoal (Freundlich, Z. 
physikal. Chem. 1906, 67, 412) and finely 
divided platinum (Sudborough and Turner) also 
act as feeble catalysts. Aromatic sulphonic 
acids and picric acid have been used, also 
boron and silicon fluorides (Sowa et al., 3. 
Amer. Chem. Soc. 1936, 68, 271, 786), and a 
mixture of sodium gallate and bile salts in 
benzene or carbon tetrachloride. A patented 
method consists in allowing an aqueous solution 
of the acid and a chromium salt to flow down 
a column up which the vapour of an alcohol 
passes. It is usually stated that the presence 
of the catalyst does not affect the equilibrium, 
and that provided the ratio of alcohol to acid 
is kept the same, the percentage of ester formed 
when equilibrium has been obtained is the 
same in both catalytic and direct processes ; but 
Phelps does not agree with this statement, 
intra-violet light brings about esterification of 
solutions of benzoic and other cyclic acids, 


especially in the presence of a trace of hydro¬ 
chloric acid (Stoermer and Ladewig, Ber, 1914, 
47, 1803). 

Goldschmidt (Z. physikal. Chem. 1920, 94, 
233), from a study of the velocity constants of 
eleven acids in ethyl alcohol, using the four 
catalysts hydrogen chloride, trichlorobutyric 
acid, trichloroa(;ctic acid and picric acid, both 
alone and in the presence of their salts, claims 
that the velocity coefficient can be expressed as 


k-c[kj,y+kn{l-y)] 

where k^ is the coefficient for the reaction of the 
acid and alcohol with the noii-ionisod portion of 
the catalyst and kA the coefficient of the reaction 
catalysed by the ions. A-b ih usually the greater 
the larger the affinity constant of the catalyst. 
With hydrogen chloride the ratio A:a/^b is not 
equal to unity, but for all eleven acids examined 
is considerahly greater. 

The retarding influence of water on esterifica¬ 
tion methyl and ethyl alcohol is of much the 
same magnitude for different acids, and this is 
held to support the view that an intermediate 
compound of alcohol and catalyst plays a most 
important ymrt in the change (Goldschmidt and 
Thuesen, Z. physikal. Chem. 1912, 81, 30). 

The amount of ester formed by the catalytic 
process depends upon the specific acid and 
alcohol used, and tends to become less when the 
ester is readily hydrolysable. In the case of 
esters extremely soluble in water, or very 
readily hydrolysed, it is not advisable to pour 
into water, but to distil immediately under 
reduced pressure. I. and K. Phelps and Eddy 
(Amer. J. 8ci. 1908, |iv], 26, 253) recommend 
adding solid potassium carbonate to the re¬ 
action mixture and distilling under reduced 
pressure. 

Effect of Wafer .—The influenec of small 
amounts of water has been studied by Kailan 
(Monatsh. 1906, 27, 543, 997; 1907, 28, 115, 
571, 673, 705, 965, 1060, 1137, 1187; 1908, 29, 
799; 1909, 30, 1), who has shown that the 
relationship between the rate of esterification 
and the amount of water can be represented by 
means of the equation {ibid. 28, 1149) 


k c 


+ (^-27-54+ 


3-212 4-368\ 

(2.911--- + -^^ 


31-78 2-284 


which holds good for cinnamic acid with 
concentrations of water ?^;=0-3~l*3, and 
concentrations of hydrogen chloride c=0'15— 
0-66 {cf. also Fitzgerald and Lapworth, J.C.S. 
1908, 93, 2168.) 

The inhibiting action of water on a mixture 
of acid and alcohol is readily shown by com¬ 
paring the rates of esterification of the same 
mixture of acid and alcohol: {a) in presence of 
water; (6) in presence of a corresponding 

quantity of benzene (Kailan, Z. physikal. Chem. 
1915, 89, 676). When 25 or 50 volume per cent, 
of alcohol is used the relative effects of benzene 
and water are as 1 : 100 or 150. The effect of 
water on the esterification of dibasic acids has 
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also been examined (Kailan, ibid. 1913, 86, 706; 
1914, 87, 619). 

The retarding effect of small amounts of 
water is slightly less in glycol than in glycerol, 
and in both cases is much less than in ethyl 
alcohol. The coefficients increase propor¬ 
tionately to the concentration of the catalyst 
in glycerol and glycol containing little water 
and in glycerol containing more water, but more 
rapidly than the concentration in glycol contain¬ 
ing more water. The difference in the retarding 
action of w^ater on the velocity of esterifica¬ 
tion of different alcohols with the same acid is 
greater than in the case of different acids with 
the sa me alcohol. The relative rates of esterifica¬ 
tion of the same acid in two alcohols varies with 
the percentage of water present, thus witK 0-03 
n)ol. per litre the ratio of the coefficients in 
ethyl alcohol and glycerol is roughly 4:1, but 
Avith 3-4 mol. per litre the coefficients in the two 
alcohols are almost identical. j 

Heavy water, DgO, has a smaller retarding 
effect than the equivalent quantity of w'atcr 
on the esterification of benzoic acid wdth clhyl 
alcohol and hydrogen chloride (Kailan and 
Horny, Bcr. 1936, 69, [B], 437). 

Neutral Solvents. —Kailan (Z. pliysikal. Chem. 
1914, 88, 65) has shown that the velocity co¬ 
efficient for the esterification of benzoic acid 
by ethyl alcohol is largely increased wdien 
benzene, ether or carbon tetrachloride is added, 
and in the order carbon tetrachloride, benzene, 
ether. The retarding effect of water is also 
influenced by the addition of such solvents and 
is great(‘st/ in an alcohol and carbon tetra¬ 
chloride mixture, lihide and Watson (J.C.S, 
1927, 2101) have examined the coefficients of 
suberic and n-butyric acids in mixtures of iso- 
amyl alcohol with benzene or light petroleum. 
The coefficient increases very considerably as 
the alcohol is diluted with the neutral solvent, 
the relation between the value of the co¬ 
efficient and the composition of the solution 
being approximately hyperbolic. Conductivity 
measurements show that ionisation of the 
catalyst is a negligible factor in the reaction. 

Vapour Phase. —Esterification can also occur 
in the gaseous state (Winkler and Hinshelwood, 
Trans. Faraday Soc. 1935, 31, 1739). 

A method of catalytic esterification consists 
in passing a mixture of the vapours of the 
acid and alcohol through a tube containing 
finely divided titanium dioxide at 290-300° 
(Sabatier and Mailhe, Compt. rend. 1911, 152, 
494; A. Mailhe, Chem.-Ztg. 1913, 37, 777, 806). 

According to Hauser and Klotz (Chem.-Ztg. 
1913, 37, 146), glucinum oxide is more efficient 
than titanium oxide, and even tertiary alcohols 
yield esters when this oxide is used. It is 
claimed that silica gel is a better catalyst than 
thoria or titania, and the limit appears to be 
greater in the vapour than in the liquid phase 
(Milligan et al., J. Physical Chem. 1924, 28, 
872). 

Senderens and Aboulenc (Compt. rend. 1911, 
152, 1671, 1866; 1912,155, 168, 1012) state that 
by the addition of 6% of aluminium sulphate 
or of potassium hydrogen sulphate to a mixture 
of equivalent amounts of acetic acid and ethyl 
alcohol an 82% yield of ester is obtained, and 


that 1% by volume of sulphuric acid gives an 
86-5% yield. 

V^arious esters derived from cyclic alcohols, 
e.g. cycZohoxanol, have been prepared by this 
method. The temf)erature, however, must not 
exceed 100-110°, and the method docs not work 
w'ith aromatic acids containing a carboxylic 
group directly attached to the bonzono 
nucleus. 

For use of (a) anhydrous calcium chloride, see 
Aracr. Chem. Abstr. 1911, I, 601; (b) nickel 
sulphate, Kiirtcnacker and Habermann, .1. pr. 
Chem. 1911, [ii], 83, 541; and (c) dilute sulphuric 
acid, Bodroux, Compt. rend. 1913, 156, 1079 ; 
157, 938, 1428. A convenient method for cer¬ 
tain esters appears to be a saturated aqueous 
solution of sodium chloride as solvent and a little 
sulphuric acid as catalyst. 

Esters from phenols and acids can be obtained 
by using thionyl chloride in pyridine solution 
(Barnett and Nixon, Chem. News, 1924, 129, 
190). 

ReLATIONSHII’ between CoNSTJTlTTJON ANI> 
Esterification using the Catalytic 
Method. 

1. Structure of the Acid. —V. Meyer and 
Sudborough (Ber. 1894, 27, 610, 1580, 3146) wore 
the first to point out any clear relationship 
between the constitution of an acid and its 
conversion into an ester by the catalytic method. 
They were able to show that a diortho-substi- 
futed benzoic acid yields no methyl ester when 
its methyl alcoholic solution is saturated with 
dry hydrogen chloride and left overnight or 
when subjected to the Fischer-Speier method 
of esterification. All substituents reac't in 
much the same manner, but the substituents F, 
OH and CH^ have not so marked an effect as 
NOg, COgH, Cl, Br and I, e.g. acids of the typo 
C6HjMe3-C02H(C0aH:Me3-]:2:4:6), which 
are csterifiod to an appreciable extent when 
hydrogen chloride is passed through their 
boiling .alcoholic solutions for several hours 
(Meyer and Sudborough, Ber. 1894, 27, 1580; 
Meyer, ibid. 1895, 28, 182, 1254; c/. also 

Kahn, ibid. 1902, 35, 3857). 

This retardation or inhibition of esterification 
by the presence of ortho-substituents was 
attributed to the spatial arrangements of the 
molecule and was termed steric hindrance. 
Subsequent experiments have shown that in 
all types of organic acids such retardation is 
met with when substituents are introduced 
into the molecule in certain positions, whether 
the acid belongs to the saturated or unsaturated 
aliphatic or to the aromatic series. 

The reaction is characterised by the fact that 
both positive and negative substituents behave 
in a similar manner; it appears that the effect is 
not appreciably polar but one mainly due to the 
space occupied by the substituent. In most 
cases the relative ease of esterification is 
expressed by the actual velocity coefficients of 
esterification using the same alcohol, the same 
concentration of catalyst and the same tempera¬ 
ture. 

Aliphatic Series. —Sudborough and Lloyd 
(J.C.S. 1899, 75, 467 ; S. and Turner, 1912,101, 
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237 ; also Gyr, Ber. 1908, 41, 4308) have shown 
that the introduction of one substituent into the 
acetic acid molecule has a retarding effect, 
whatever the nature of the substituent. The 
introduction of two substituents usually has a 
more marked effect than one, and three a 
greater influence than two, when the two or 
three substituents are alike. The effect of the 
cyano group is the most marked. 

The decrease in k by a-substituents in the 
acetic acid molecule is 


CI<Br<OPh<Ph<l<CN 


(Kailan and Jungcrmann, Monatsh. 1934, 54, 
213). 

Other conclusions drawn by Sudborough and 
Gittins (J.C.S. 1908, 93, 210 ; Goldschmidt, 
Z. physikal. Chem. 1913, 81, 50; Palomaa and 
Siitonen, Ber. 1930, 69, [B], 1338 ; Bhide and 
Sudborough, J. Indian Inst. Sci. 1025, 8, [A], 
89) are the following: (1) With the normal 
i’atty acids the velocity coefficient decreases as 
the series is ascended from formic to butyric, 
but remains practically constant for all acids 
from butyric to stearic, and an olefin linking 
in the molecule has no effect on the velocity 
provided it is sufficiently far removed from the 
carboxyl group. (2) The effect of introducing 
a methyl group into the normal chain depends 
upon the position assumed. In the a-position 
it has the maximum retarding effect, but pro¬ 
duces no retardation in the y-position. Other 
groups in this position, e.g. carboxyl or isopropyl, 
also produce no effect. (3) The introduction of 
a second alkyl group into the acetic acid mole¬ 
cule produces retardation and the effect is more 
pronounced with ethyl than with methyl, but 
ethyl, w-propyl, n-butyl, allyl and i<sobutyl 
have practically the same effect, whereas benzyl 
produces less and isopropyl considerably more 
retardation than ethyl. (4) A comparison of the 
coefficients of the cycioparaffin monocarboxylic 
acids with those of dialkylated acetic acids 
shows that the closing of the ring, with the 
exception of the rt/eZopropane acid, produces 
marked acceleration; thus the eyeZopentane 
acid is esterified some 65 times as readily as 
diethyl-acetic acid (c/. Advani and Sudborough, 
ibid. 1923,6, 66). Arranged in order of increasing 
ease of esterification the order is 3, 7, 6, 6, 4 
carbon rings. The acid 


CHgCHaCH^ 

I I Nchco^h 


has a coefficient nearly one-third that of the 
simple eyeZopropane acid, and acrylic acid a 
value about half that of its cyclic isomeride. 
(6) The addition of 6 atoms of hydrogen to the 
molecule of an aromatic acid produces marked 
acceleration in the rate of esterification, whereas 
the cyclohexyl group, e.g. in )S-cycZohexylpro- 
pionic acid, has a greater inhibiting effect than 
the phenyl group in the same position. A para- 
methyl group in a cyclic acid usually produces 
slight acceleration with the exception of benzoic 
acid, where the para-Substituent produces light 
retardation. (6) The inhibiting action of 
a-methyl groups is met with in cyclic acids, e.g. 


a- and $-cyclogcmmc acids. (7) Acids of the 
types 

(а) ROiCHal^CO^H, 

(б) ROdCHaLO CH^COjjH 

have been studied by Palomaa and Tukkimaki 
(Ber. 1935, 68, [B], 887), Palomaa and Siitonen 
(Z.C.), by the catalytic process in mixtures of 
alcohol and water. They find that the esterifica¬ 
tion coefficients in each series are independent 
of the nature of R up to C 4 provided this is a 
normal alkyl group. The same observation 
holds good for the hydrolysis of the esters by 
mineral acid. The temperature coefficient of 
esterification is lower than that for hydrolysis, 
and the coefficient tends to decrease with rise 
of temperature. Acids of this type, 

RO [CHaVOlCHglg O CH 2 CO 2 H, 

have also been examined. 

Dibasic Acids and Derivatives. —In the case 
of acids of the oxalic series the velocity coefficient 
of esterification rises from malonic to glutario 
and then diminishes to suberic, which has a 
value practically the same as that for all y- 
substituted butyric acids studied (Kailan, Z. 
physikal. Cbern. 1913, 55, 715 ; Bhide and 
Sudborough, Z.c., p. 92). Dicthylmalonic 
acid does not yield esters by the catalytic 
method (Preiswerk, Helv. Chim. Acta, 1919, 
2, 647), and the introduction of methyl groups 
into the methyl hydrogen succinate molecule 
produces distinct retardation, and with methyl 
hydrogen tetramethylsuccinate, 

MeOaCCMegCMegCOgH, 

the coefficient is practically nil at 15® (Bone, 
Sudborough and Sprankhng, J.C.S. 1904, 85, 
534). 

Ketonic Acids. —The introduction of a 
carbonyl group in place of the a-methyleno 
group of a normal fatty acid produces a retarda¬ 
tion in the rate of esterification (Kailan, Monatsh. 
1907, 28, 1187 ; Sudborough, J.C.S. 1912, 101, 
1227). 

Unsaturaled Acids. —In the case of un¬ 
saturated acids, the following generafisations 
have been drawn (c/. Sudborough and Lloyd, 
J.C.S. 1898, 73, 81; Sudborough and Roberts, 
ibid. 1906, 87, 1840 ; Sudborough and Thomas, 
ibid. 1907, 91, 1033 ; Sudborough and Gittins, 
ibid. 1909, 95, 315; Sudborough and Davies, 
ibid. 975; Kailan, Monatsh. 1907, 28, 1137). 

1. An a)S-imsaturated acid is esterified much 
less readily than its saturated analogue; the 
ratio varies from 1 ; 20 with methyl hydrogen 
maleate to 1:61 with / 3 -furfurylacrylio acid. 

2. An aj3-unsaturated acid is esterified far less 
readily than the isomeric acids, in which the 
double linking is further removed from the 
carboxyl group. As a rule, ^y-unsaturated 
acids are esterified more readily than their 
saturated analogues, e.g. 4-phenyl-A®-butene- 
1 -acid and the saturated y-phenyl-n-butyric acid 
have the relative values 1*54 :1; yS- and other 
unsaturated acids, in which the double linking 
is further removed from the carboxyl group. 
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are esterified at much the same rate as the 
corresponding saturated acids, e,g> oleic and 
brassidic acids have the same coefficients 
as the higher fatty saturated acids. 3. In most 
cases the introduction of a substituent into the 
a-position in the acrylic acid molecule has a 
greater inhibiting effect than when introduced 
into the position. 4. The effV'ct of a sub¬ 
stituent in the c/.s-position is more marked 
than in the trans-, thus an acid of the ty])e 

X—c—H 

II is more readily esterified tlian the 

Y—C—COgH 

H—C—X 

isomer II 

Y—C—COgH 

The effect of an a^-double linking in a cyc'lic 
acid is the same whether the linking is in the 
ring, in the side chain or is a semieych'c linking, 
and the ratios of the coefficients of the im- 
saturated and corresponding saturated acids 
vary from I : 20 to 1 : 50 (Hhide and Sudboroiigh, 
J. Indian Inst. 8ei. 1925, 8, 95). 

Aromatic Acids .—An ortho-substituent always 
retards the velocity of esterification of a benzoic 
acid (Kellas, Z. physikal. (’hem. iS97, 24, 221; 
Goldschmidt, Z. Electrochem. 1909, 15, 4 ; Sud- 
borough and Turner, 1912, 101, 237). 

All substituents have a retarding effect; of 
alkyl groups, methyl has the smallest effect, 
and the influence of ethyl, //-propyl and phenyl 
groups in the ortho-position is very similar. 
Using methyl alcohol the order of increasing 
effect is Bz, CH 3 , Cl, Br, I, Et, Ph, OH, NO^. 
Kailan (Monatsh. 1900, 27, 1038) finds that an 
ortho-amino-group also has a retarding effect. 
Both o-phenoxybenzoic and acetophenonc-o- 
carboxylic acid are esterified more readily than 
benzoic acid. 

The presence of a second benzene nucleus, as 
in naphthalene- and anthracene-carboxylic 
acids, has much the same effect as nitro or 
halogen substituents ; thus 2-chloro-l-naphthoic 
acid, anthracene-7-carboxylic acid and 1- 
ehloroanthracene-9-carboxylic acid do not yield 
esters by the catalytic method, whereas the 
isomeric 3-chloro-2-naphthoic acid, anthracene- 
1-carboxylic acid, and 3-chloroanthracene-2- 
carboxylic acid yield 90% of ester under the 
same conditions. 

It has been shown by V. Meyer (Bcr. 1895, 
28, 3197; and Rupp, ibid. 1896, 29, 1625) that 
the dibasic acids, tetrachloro-, tetrabromo- 
and tetraiodo-terephthalic acids, tetrachloro-, 
tetrabrorao and tetraiodo-faophthalic acids, 
i.e. acids which are diortho-substituted in 
respect of both carboxyl groups, do not yield 
esters when heated with a 3% solution of 
hydrogen chloride in alcohol. An acid which is 
diortho-substituted in respect of one only of the 
carboxyl groups yields an acid ester under 
similar conditions, e.g. 2;6-dimethylterephthalic 
_Me 

acid gives MeOgC ^ ^C02H (Jannasch 
Me 

and Weiler, ibid. 1896,28, 631). Similarly, hemi- 


pinic acid, 3:4-dimethoxyphthalic acid, gives 

MeO OMe 


the acid ester 


)COOH (Wegseheider, 


COgMe 

Monatsh. 1896,18, 135). (For further examples, 
sfc Wegseheider, ibid. 1900, 21, 621, 638; 
1902, 23, 405; McKenzie, J.C.8. 1901, 79, 
1135.) An apparent exception is met with in 
the case of 3:6-dichlorophthalic a(dd, which, 
according to Gracbc (Ber. 1900, 33, 2026), 
yields the acid estf‘r 


_Cl 

/ \cO,Et 
cr^cOgH 

when its ah'ohoUc solution is saturated with 
hydrogen chloride and kept at the ordinary 
temperature. Tetrachloro-, tetrabromo- and 
tetraiodo-phthalic acids also yield acid esters 
(Rupp, ibid. 1896, 29, 1625); o-nitrophthalic 
acid and papaverinic acid (Miller, Annalen, 
1881, 208, 243; Wegseheider and Lipschitz, 
Monatsh. 1900, 21, 790; Wegseheider, ibid. 
1902, 23, 369) behave in a similar manner, 
yielding neutral esters, and it is probable that 
the esters arc 1‘ormed by the conversion of the 
acids into their anhydrides under the influence of 
the hydrogen chloride or sulphuric acid, and the* 
subsequent addition of alcohol to the anhydrides. 
3:6-I)ichlorobenzoylbenzoic acid and tetrachloro- 
benzoyll>enzoic acid are also readily esterified, 
and it is possible that these react w'ith alcohol 
as the tautomeric hydroxyphthalides ; e.g .: 


^XPh(OH)s 

‘\co-- 


>O f EtOH 


► C02EtC6Cl4CPh(0H)2 

->COoEtCfiCLCOPh 


(Graebe). The results obtained with tri- or even 
hexa-carboxylic acids show the same inhibiting 
effect of ortho-substituents. Thus trimesic 
acid, benzene-l:3:5-tricarboxylic acid, yields a 
neutral ester; hemimellitic acid, the 1:2;3- 
tricar boxy lie acid, yields a dimethyl ester; 
pyromcllitic acid, benzene-1:2:4:5-tetraoarboxylic 
acid, yields a normal eater; prehnitic acid, 
the 1:2:3:4-tetracarboxylic acid, gives a dimethyl 
ester in the cold, and the neutral ester on 
heating; the formation of the latter is probably 
due to the fact that an anhydride is first formed, 
and this, with methyl alcohol, gives the di¬ 
methyl ester 



/ 


CO,H 


which is further esterified to the normal ester. 
Dinitro-pyrornellitic acid, mellitio add and 
hexahydromellitic acid do not yield esters 
(Meyer, Ber. 1894, 27. 1690 ; 28, 182; 1896, 
29, 840). woHydromellitio acid, on the other 
hand, yields a monomethyl ester (Van Loon, 
ibid. 1896, 28, 1272). 

Substituted benzoic acids in which the sub- 
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gtituents are not in ortho-positions give good 
yields of esters by the Fischer-Speier method. 

When the carboxylic group is not directly 
attached to the benzene nucleus, but is united to 
a side chain, the presence of ortho-substituents 
does not prevent the formation of esters, e.g. 
2:4:6-tribromo-3-aminophenylpropionic acid and 
2:4:6-tribromopheriylpropionic acid, mesityl- 

acetic and mesitylglyoxylic acid all give good 
yields of esters when the alcoholic solutions are 
saturated with hydrogen chloride. 

Sirks (Kec. trav. chini. 1908, 27, 237) has 
obtained the following values for the esterifica¬ 
tion constants of the isomeric dinitrobenzoic 
acids at 25°, using ethyl alcohol containing a 
little water with hydrogen ( hloride as catalyst: 
3:4-dinitro-acid 0-0086; 3:5-acid 0-0053; 

2;3-acid 0-0005; 2:5.a( i(l 0 0003; 2:4-acid 

0-0002; an<l 2:6-a(!id, nil. The values obtained 
for benzoic, w- and o-nitrobenzoic acids arc 
0-0132, 0-0071, 0-001. These numbers indicate 
the retarding effect of one or two nitro- groups in 
the ortho-position; even one m- group retards, 
but the introduction of a second nitro- grouy) 
into the pai a-position of the w-nitro acid mob- 
cule increases the rate. 

From a comparison of the rates of esterifica¬ 
tion of these acids with their dissociation 
constants, Sirks comes to the conclusion that 
acids with small dissociation constants are 
csterified more readily by the catalytic method 
than acids with high dissociation constants. 
An examination of certain alkyl derivatives of 
aliphatic acids, however, shows that the state¬ 
ment does not hold good generally. 

Kistiakow'sky (Z. physikal. Fhera. 1898, 27, 
250) has determinecl the velocity of reaction 
of an acid and alcohol in mi.xtures of the alcohol 
and w^ater containing hydrogen chloride. In 
this case the esterification and hydrolysis pro¬ 
ceed side by side, and the velocity constants for 
the two are denoted by k and h'. Then : 


z. If, f l«-f, f 

log,— and - log,^— 

t a ® X t a ^ ^~jc 


when the amounts of water and alcohol are 
large compared w'ith the amount of acid present. 
i denotes the gram-molecules of acid trans¬ 
formed into ester at equilibrium, and x the 
number of gram-molecules transformed at end 
of time t. 

h can also be calculated from A-1 k' by mcaiis 
of equation: 


(H 


The values of k and k' and also the value - 

a 

are independent of the original concentration of 
the organic acid. 

The same values for k and k* are obtained 
when a mixture of acid, alcohol, water and 
catalyst or ester, alcohol, water and catalyst 
is used, provided the proportion of water and 
alcohol and the concentration of the catalyst 
are kept the same. 

The temperatufe coefficient between f~25° 


and ^=30° is about 10% per degree, using 
mixtures of alcohol and water containing 
13-70% alcohol. 

The values of both k and k' fall on passing 
from formic to acetic, and again from acetic to 
monochloracetic. 

The effect of the proportion of alcohol and 
water present is marked. The value of k in the 
case of formic acid rises from 0 to 300 as the 
percentage of alcohol inc reases from 0 to 91*4, 
whereas the value for k' falls from 198 to 62-6 
as the pereentage of ah'ohol is increased from 
0 to 91-4. In the absence of a catalyst, the 
velocity of esterification falls as the organic 
ac^id is used up, whereas the velocity of hydrolysis 
is first small, and gradually increases as fresh 
acid is formed, and both k and k' diminish with 
an increase in the ainount of alcohol present. 

Practical Applications .—The difference in 
rate of esterification between diortlio-substituted 
benzoic acids and their isomerides has been used 
for the following purposes : 1. Separation of a 
diortlio-substituted benzoic acid from isomerides 
[cf. Martz, Bor. 1894, 27, 3147, for separation of 
din itro-ben zoic acids; Jannaseh and Weiler, 
ibid. .3445, for separation of isomeric trimethyl- 
bcnzoic acids), liosanoff and Prager (J. Amer. 
('hem. Soe. 1908, 30, 1912) show that a mixture 
of benzoic acid with an ortho-substituted 
benzoic acid can be separated by partial esterifi¬ 
cation in the cold with a 3% solution of hydrogen 
chloride in ethyl alcohol. 2. Determination of 
the constitution of particular substituted 
benzoic- acids. {Cf. V. Meyer, Bor. 1895, 28, 
187, for 2-mcthyl-5-bromobenzoic acid; Zincke 
and Francke, Annalen, 1896, 293, 123, for 4- 
a(‘etyl-5-brc)mo-/6‘ophthalic acid ; and Matthews, 
Chein. Soc. Proc. 1900, 16, 187, for 2:3:5- 
trichloro-benzoic acid. Pee also Blaise, Compt. 
rend. 1898, 126, 753, for substituted succinic 
acids.) 

In the case of unsaturated acids the difference 
in the velocity coefficients of esterification 
between cinnamic and hydroeinnamic acids 
affords a very convenient method for separating 
mixtures of the two. This is well shown in 
the preparation of hydroeinnamic acid. The 
acid is obtained by the reduction of cinnamic 
acid, and is liable to contain small amounts of the 
latter, which are difficult to remove by crystalli¬ 
sation ; but a complete separation can be effected 
by the action of a dilute solution of hydrogen 
chloride in ethyl alcohol. The saturated acid is 
completely transformed into ester, and, under 
suitable conditions, the unsaturated acid remains 
unesterified. A similar method can also bo 
used W'ith advantage for the separation of a 
mixture of an a^-unsaturated acid and the 
isomeric jSy-acid; this method is preferable to 
the older method used by Fittig, in which the 
jSy-acid was transformed into the y-lactone 
(Sudborough and Thomas, J.C.S. 1911, 99, 
2307). This method has been adopted by 
Linstead and others for the preparation of pur© 
aj^-unsaturated open-chain acids (Linstead and 
Eccott, J.C.S. 1929, 2155 ; Linstead, ibid. 1930, 
1605). 

2. Structure of the Alcohol. —The velocity 
coefficients of esterification are higher with 
methyl alcohol than with ethyl alcohol under 
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similar conditions, and catalytic esterifica¬ 
tion has been studied with alcohols other 
than methyl and ethyl, e.g. with t^obutyl 
(Goldschmidt, Z. physikal. Chem. 1926, 12*4, 
23), with ethylene glycol and glycerol (Kailan 
and others, Monatsh. 1924, fe, 485; 1927, 
4-8, 9 ; 1928, 4-9, 347). With i^obutyl alcohol 
the results are very similar to those with 
ethyl alcohol. In anhydrous glycol the velo¬ 
city is proportional to the concentration of 
the catalyst (HCI), but in the presence of 
water it increases more rapidly than pro¬ 
portionality requires. For a water concentra¬ 
tion of 0 03 mol./litre the value of the uni- 
molecular velocity constant for salicylic acid is 
60% greater, and for other acids {e.g. n-butyric, 
l>enzoic and o- and p-hydroxybenzoic acids) 
30% smaller, than with ethyl alcohol. In 
glycerol the normal fatty acids, butyric, valeric 
and hexoic, have the same velocity coefficients, 
whereas that of ?.9ovaleric acid is much smaller. 
The values for the coefficients of butyric and 
benzoic acids in glycol are respectively 2*5-3*0 
and 1-25--2-0 times as great as in glycerol 
(depending on the concentration of water and of 
the catalyst). A comparison with values deter¬ 
mined in ethyl alcohol shows that the steric 
hindrance of the o-nitro or o-amino group is less 
in glycerol and greater in ethylene glycol than 
in alcohol. Under comparable conditions the 
velocity coefficients of nicotinic and picolinic 
acids arc approximately 4:1 in glycol and 
glycerol, and roughly 2:1 in ethyl alcohol. 
The differences between benzoic acid and its 
three amino acids are practically the same in 
alcohol, glycol and glycerol. 

Direct Method of EsTERiFicATroN. 

The reaction between alcohol and a mineral 
acid is frequently used as a method for the pre¬ 
paration of ethyl esters of inorganic acids, e.g. 
ethyl chloride, bromide, nitrite, sulphate (for 
ethyl bromide, cf. Weston, J.C.8. 1915, 107, 
148*9 ; Holt, ibid. 1916, 109, 1). 

Norris, Watt and Thomas (J. Amcr. Chem. 
Soc. 1916, 38, 1071) have studied the reaction 
between different alcohols and dilute solutions 
of hydrochloric and hydrobromic acids. They 
find that the rate of formation of esters in the 
case of primary alcohols tends to decrease as 


the molecular weight of the alcohol increases. 
Of the throe groups of alcohols, the tertiary 
are the most, and the primary least, reactive. 

Menschutkin, working with the fatty acids 
(J. pr. Chem. 1881, [ii], 24, 49; ibid. 1882, 
[ii], 25, 193; Ber. 1897, 30, 2783), was one of 
the first to draw attention to the relationship 
between the rate of esterification and the con¬ 
stitution of the acid and of the alcohol, and 
found that the amount of acid converted into 
ester in a given time diminished with the com¬ 
plexity of the acid molecule, and also with the 
complexity of the alcohol molecule. By heating 
a given amount of acetic acid with equivalent 
amounts of different alcohols for 1 hour at 
135°, Menschutkin was able to show that, on 
the whole, a primary alcohol is esterified more 
rapidly than a secondary, and a secondary 
than a tertiary. Some of the results obtained 
by Menschutkin for primary alcohols are not 
true measures of velocity, as equilibrium had 
already been obtained within the hour. It is 
also pointed out that the introduction of side 
chains or of negative substituents into a primary 
alcohol also tends to lower the rate of esterifica¬ 
tion, and the greater the number of such groups 
introduced the more pronounced is the effect. 
The introduction of an olefin linking into the 
molecule of the alcohol in the aj3-position also 
diminishes the rate of esterification. Subsequent 
experiments made by heating the alcohol with 
given weights of acetic anhydride gave similar 
results. 8till later work by the same author with 
hydroxj^-polyrncthylenes (J.U.S. 1906, 89, 1533), 
using the acetic anhydride method, indicates 
that these compounds are esterified more readily 
than analogous open-chain compounds, e.g. 
the values for methylpropylcarbinol and 
rycZopentanol are respectively 98 and 189, and 
that cyclic tertiary alcohols are esterified least 
readily and primary most readily. The results 
also indicate that methyl groups in the o-posi- 
tion with respect to the hydroxyl group also 
produce retardation, but not to the same extent 
as when attached to the carbon atom to which 
the OH is attached. Michael and Wohlgast 
(Ber. 1909, 42, 3157) have determined the rates 
of esterification of trichloracetic acid with 
various alcohols at 25° and 50°, and give the 
following numbers, using the equation for a 
bimolecular reaction: 


Primary alcohols. 

*x30® 

25'’ 50“ 

Secondary. 

ArxlO® 

25'’ 

Tertiary. 

Methyl . 

. 3,690 24,000 

Diraethylcarbinol . 

. 98 

^cr^Butyl 

Ethyl 

. 650 4,210 

Mothylethyl „ 

. 90 

tertAmyi 

Propyl . 

. 725 

Methylpropyl „ 

. 76 

Butyl 

. 1,200 

Methylhcxyl „ 

. 109 


woButyl 

. 740 



Heptyl . 

, 1,160 




Octyl 

. 1,860 




Cetyl 

. 2,500 16,300 




According to Michael, factors 

which are of I and RO- 

in order to 

react with 


il*y 10^ 
25 '" 

. 118 
. 248 


importance are : 1. Degree of association of the 
alcohol; as this is greater in the case of the 
simpler alcohols, the rate of esterification would 
be reduced to a greater extent. 2. Readiness 
with which the alcohol decomposes into H 


group. 3. The influence of alkyl groups on 
the affinity of the RO* and H for the un- 
saturated atoms of the carbonyl group. 
Michael claims that his results do not affom 
the slightest evidence for the view that atoms 
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or groups can produce effects by mere filling of 
space. 

As regards the influence of the constitution 
of the acid on the velocity of esterification, 
Menschutkin drew the following conclusions as 
the result of experiments made by heating the 
respective acids for 1 hour with iVsobutyl alcohol. 
The introduction of aii alkyl group into the 
formic acud molecule invariably produces a 
retardation in the esterification. The intro¬ 
duction of alkyl groups into the acetic acid 
molecule also produces a retardation, and this 
is greatest when three alkyl groups replace the 
three hydrogen, c.g. trimcthyJacf'tic acid, and is 
least when only one alkyl group is introduced. 
Unsaturatod acids of the type of crotonic and 
(‘innamic are estorified less readily than their 
saturated analogues. 

Lichty (Amer. Chem. J. 189.^, 17, 27; ISOfl, 
18, 590) found, however, that in llu*. case of 
the chlorinated acetic; acids the introduction of 
a chlorine atom into the a(;etic acid molecule 
tends to facilitate the formation of ester Avhen 
t he direct method is used. The presence of an 
a^-ethylene linking has not the same marked 
effe(‘t in direct esterification as in catalytic; 
esterification (Thomas and Sudborough, J.C.8. 
1912, 101, 317). It is obvious that the results 
obtained by the direct and catalytic methods of 
esterification are not comparable, and 8ud- 
borough and Feilmann (Chern. Soc. Proc. 1897, 
13, 241) have suggested that at least two 
factors arc concerned in the ])roce8s of esterifica¬ 
tion when using the saino alcohol, viz. (1) strength 
of the acid estcrified; (2) the presence of 

substituting groups in close proximity to the 
carboxyl group. When the direct method of 
csterification is used, the former appears to be 
the determining factor, whereas wdth the 
catalytic method the latter is of primary im¬ 
portance ; but in either case both factors are 
involved. Cf. also Flurscheim (J.C.S. 1909, 
95, 718). 

RosanofiT and Prager (J. Amer. Chem. Soc. 
1908, 30, 1895) have also shown that diortho- 
Hubstituted benzoic acids can be estorified by 
the direct method, provided they are heated 
with excess of the alcohol at a comparatively 
high temperature (183^) for about 100 hours. 
The reaction proceeds even at the boiling-point 
of alcohol, but requires prolonged heating. 
Rosanoff’ and Prager determined both the 
velocity constant A;, and the reciprocal of the 
equilibrium constant, viz. K'~k'IJc. They used 
difterent weights of alcohol and acid in each 
experiment, and by taking the volume of the 
solution into account, they calculated k by 
means of the equation: 

^ 2-m6v 

<\/(a“-6)2-}-4a6 _ 

. 2ab~x{a-{b-\^ {a—b)^-\-4abK') 

6 + ^ 4abW) 

where a and b are the molar concentrations of 
the acid and alcohol, v is the volume of the 
mixture in litres, x the number of gram-molc- 
cijles of the ester formed after time t (in days). 
The values of k obtained for a few acids are: 


Benzoic .... 
2:3:5-Tribromo benzoic 
3:4:6- 
2:4:6- 

2:4:(>-Trichlorobenzoie 

Acetic. 

Propionic .... 
f.9oButyri(; 
Trimethylacetic . 
(^hloracetic 
Dichloracetic . 
Trichloracetic . 


. 0*630 
. 0*370 
. 0*900 
. 0*088 
. 0*031 
. 1*450 
. 0*950 
. 1*070 
. 0180 
. 2*460] 

. 6 380 )*at SO*" 
. 12*000 j 


and it is pointed out that in many of ihese cases 
an increase in velocity of esterification runs 
parallel with an increase in the electrolytic 
disso(*iation constants of the acids, although 
the two sots of constants are not proportional. 

Michael and Oer-hslin (Ber. 1909, 42, 317) 
have determined the amounts of ester formecl 
when various nK)no-suh8titutf;d benzoic acjids 
arc heated with methyl alcohol in sealed tubes 
at 135° without a catalyst, hut they did not 
determine the actual constants. They fotmd 
that many m- and p-substitiited benzoic acids 
containing negative substituents are estorified 
somew'hat more readily than benzoic acid, but 
that an ortho-substituent, with the exception 
of Cl, tends to retard estorification and that the 
eftect is the greatest in tiie case of the methyl 
group. 

The following are some of the values obtained 
after 7 hours: benzoic 11*1, o-clilorobenzoie 
11*9, o-bromobenzoic 10*4, o-iodobenzoie 9*7, 
o-nitrobcnzoic 10*0, salicylic 7*7 and o-toluic 
6 * 2 . 

The resujts obtained b}^ Rosanoff and Prager 
and by Michael and Oochslin indicate that 
the j^olarities of the substituents are the primary 
factor in direct esterification, negative groups 
promoting esterification and positive retarding. 
The process is thus (piite distinct from catalytic 
esterification where the polarities are of minor 
importance. 

An examination of the non-eatalysed esterifi¬ 
cation of /crfbutyl alcohol, i,?opropyl alcohol, 
glycolnionoformin and glycerol-ay-diformin in 
formic acid by Kailan and Brunner (Monatsh. 
1929, 51, 334) at 15° and 25° shows that the 
eflect of the concentration of w^atcr is greatest 
with the butyl alcohol and least with the 
secondary alcohols. The velocity is greatest 
wdtii Awpropyl alcohol, glycolmonofonnin and 
/erUiTityl alcohol, Avhicli have much the same 
rates, whereas that for the glycerol-ay-diformin 
is only about 0*1 of that for i^soprepyl alcohol, 
showing that two -CHg-O CHO groups have a 
much greater inhibiting effect than two CHg 
groups, and also that one -CHg'O-CHO group 
has more influence than two CHg groups. The 
presence of 0*0086 mol. per litre of hydrogen 
chloride quadruples the rate in the case of 
glyceroldiformin, but only doubles it in the case 
of the other alcohols, and from this it is con¬ 
cluded that stcric effects play less part in 
catalysed than in the non-catalysed esterifica** 
tion. 

Petrenko-Kritschenko, Bogatsky and Lub- 
man (Z. physikal. Chem. 1925, 115, 289), work¬ 
ing with acetic acid, trichloroacetic acid and 





346 


ESTERIFICATION. 


hydrogen chloride and the following alcohols— 
ethyl, isopropyl, <eributyl, benzyl, benzhydrol 
and triphenylcarbinol—at 100®, show that the 
view that the velocity is greatest with the 
primary and least with tertiary alcohols holds 
good in the case of acetic acid only. With tri¬ 
chloroacetic acid the reaction is most rapid with 
primary and least with secondary alcohol, and 
with hydrogen chloride the reaction is most 
rapid with the tertiary and least with the 
primary alcohol. 

The addition of an adsorbent, such as char¬ 
coal, to a mixture of acetic acid and alcohol 
alters the equilibrium in favour of synthesis of 
the ester, whereas in the system glycerol and 
butyric acid it alters it in the opposite direction 
(Biochem. J. 1928, 22, 811). Bailey (J.C.S. 
1928, 1204, 3256) states that the reaction of | 
ethyl alcohol w ith acetic acid takes place in two 
ways : (a) in the body of the liquid and (b) on 
the surface of the containing vessel. The latter 
reaction is inliibited by traces of pyridine or 
other basic substances such as quinoline, 
piperidine or ammonia, e.g. 1 part per 10,000 
parts, whereas the former reaction is onlj' 
slightly affected by the addition of much larger 
quantities of pyridine. It is suggested that 
the surface of the vessel contains a number of 
active areas at which pyridine molecules are 
adsorbed. These attract the acetic acid mole¬ 
cules present as a ( id-alcohol complexes at the 
active areas and return the base to the solution 
as pyridine acetate which dissociates regenerating 
pyridine and acetic acid. 

The reaction bctwx'cn alcohols and substituted 
benzoic anhydrides is influenced to an ap¬ 
preciable extent by the substituents present 
(Rule and Paterson, ibid. 1924,125,2155). With 
both ethyl and cetyl alcohols the substituents 
follow the order 

N02>CI>H,OMe>Me, 

]cm- kp- or ko- for Me,OIVIe,CI (so-called 
negative substituents), and A:m- «<; Ip- or ko- for 
NOg (so-called positive substituent), whereas in 
esterifleation of the free acids the reverse holds 
good (c/. Michael and Oechslin, Ber. 1909, 42, 
317). For kinetics of the esterification of acetic 
anhydride with ethyl alcohol, cf. Moelwyn- 
Hughes and Rolfe (J.C.S. 1932, 241), and 
for esterification of geometrically isomeric 
acids with alcohols by enzymes, cf. 
Fabisch (Biochem. Z. 1931, 234, 84). 

Esters of Dibasic Acids. —A dibasic acid 
can give rise to both an acid and a normal ester, 
e.g. COaH CHg COgH -> COoH CHo COgMe 
and COgMe’CHa'COgMe. With the excep¬ 
tion of diortho-substituted aromatic dibasic 
acids, the normal esters can be obtained by the 
Fi8cher-8i>eier method of esterification (p. 338d). 
For the preparation of the acid esters, the 
following methods are resorted to ; 1. Addition 
of alcohol or of sodium alkoxide to the acid 
anhydride. 2. Partial hydrolysis of the normal 
ester. 3. Partial esterification of the acid. 4. The 
action of alkyl iodides on the acid silver salts, 
if these can be prepared, or on the acid potas¬ 
sium salts. In the case of a symmetrical dibasic 
acid, the same acid ester is formed by all these 
methods, although, in most cases, except those 


coming under the first heading, the yields are 
not very good, as free acid and normal esters are 
also formed, and the separation is not always 
easy. 

With an unsymmetrical dibasic acid, two 
isomeric a(ud esters (the a- and the 5-) ^ can exist, 
and which of these is formed depends largely 
on which method of preparation is used. 
Wegseheider has carried out numerous experi¬ 
ments {rf, Monatsh. 1895, 16, 76; 1897, 18, 
418, 629; 1899, 20, 685; 1900, 21, 621, 638, 
787; 1902,23,317,357,309,393,406; 1903, 
24, 413, 915; 1905, 26, 1039; 1906, 27, 487, 
777; 1907, 28, 819; 1908, 29, 525, 531, 535, 
541, 557; sulphonated benzoic acids, ibid. 
1902, 23, 1093; tribasic acids, ibid. 1910, 31, 
1253) on the following acids: hcmipinic (3:4- 
dimcthoxyphthalic), nitrolumiipinic, camphoric, 
nitro-, bromo-, amino- and hydroxy-terephth- 
alic, 3- and 4-nitrophthalic, 4-hydroxyphthalic, 
phthalonic, homophthalic, aspartic, phenyl- 
succinic and papaverinic, and has drawn the 
following conclusions under the assumption that 
the two carboxylic groups differ appreciably as 
regards their relative strength: 1. By the 

addition of alcohol to the anhydride and by the 
action of alkyl iodides on the acid potassium or 
a(‘id silver salts, the stronger carboxyl group is 
estcrified, so that under these conditions a-acid 
esters are formed. If there is but little difference 
in the relative strengths of the two carboxyl 
groups, then a mixture of the two acid esters is 
obtained, but the a-compound preponderates; 
e.g. C6Ho(C02H)2(OMe)2(l:2:3:4) gives, by 
these methods, the acid ester: 

C6H2(C02H)(C02Et)(0Me), 

1 2 3:4 

( 2 ) 

COgH >0 

(1) \CO-^ (3) 

^CO^H ( 1 ) 

gives COgMe (2) 

\CO2H (3) 

Exception: phenylsuccinic anhydride. Diazo- 
methane and the acid give mainly neutral ester, 
with small amounts of acid ester. 2, By the 
process of catalytic esterification the carboxylic 
acid group, which is less obstructed by adjacent 
substituents, is esterifiod first ; thus opianic acid 
gives the 5-ester 

CeHalCOjEtllCOaHllOMela, 

1 2 3:4 

but neutral ester and small amounts of the a- 
isomer may also be formed, especially if the 
conditions are such that anhydride formation 
can occur. The same rule holds good for direct 
esterification if the possibility of anhydride 
formation is excluded. 3. The addition of 
sodium alkoxide in the absence of alcohol and 
water to the anhydride yields the 6-acid ester, 
with appreciable amounts of the isomer. 
4. The partial hydrolysis of the neutral ester 

^ The term ft-ester is given to the acid ester with the 
higher dissociation constant, and the isomer is termed 
the «- (Bcr. 1902, 36, 4829; 1908, 86. 804). 
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gives the acid ester, which is diificult to prepare 
by the method of catalytic esterification; e.g. 
dimethyl hemipinate gives the a-acid ester. 
Exceptions : the hydrolysis of methyl hydroxy- 
terephthalate, 4-hydroxyphthalate, 4-nitroph- 
thalate, aminoterephthalate, phthalonate. 

For formation of esters of phthalic acid in 
presence of hydrochloric acid and hydrolysis 
of the esters, nee Wegsehcider and Arnann 
(Monatsh. 1915, 36, 549, 63.3). 

In the case of the majority of symmetrical 
dibasic acids the two carboxylic groups arc 
esterified at the same rate; in other words, 
the replacement of OH by OEt does not affect 
the rate of esterification. In the case of both 
maleic and oxalic acids, however, there is a 
retardation produced by the conversion of one 
of the COgH groups into a COgEt. This is 
attributed by Kailan (Z. jdiysikal. ('lunn. 1914, 
87. 619) to the proximity of the two carboxylic 
groups to one another, and as th(‘ retardation 
is greater in the case of maleic acid, it is argued 
that in this acid the two carboxylic groups arc 
closer than in oxalic; acid. 

Otheu Methods of I’hkfarinu Esters. 

In addition to tlu'. medhods ol dircu-t and cata¬ 
lytic esterification there arc various methods of 
preparing esters. Among the more interesting 
may be meiilionetl: 1. The action of the 

alcohol on the acid chloride or acid anby<iridc 

ROH + R COCI ->R'COOR i HCI, 
R0H-|-(R'C0)20 ->R'C00R f R'COOH. 

In the former case the reaction is facilitated 
by the addition of a base, e,g. a tertiary amine, 
or even of an alkali (Schotten and Baumann, Ber. 
1884,17, 2545 ; 1886,19, 3219), and in the latter 
ease by the presence of small arnoiints of a strong 
aeid (Reychler, Bull. Soc. chiin. Bclg. 1907, 21, 
428). The method is frecpiently made use of 
for estimating the number of hydroxyl groups 
present in an alcohol and for preparing esters 
of polyhydroxy compounds, e.g, cellulose 
acetates. 

2. The action of an alkyl iodide on the dry 
Ag or T1 salt of the aeid frecpiently in the 
presence of a non-hydroxylie solvent such as 
ben2ene (Fear and Menzies, J.C.S. 1926, 937). 
In the case of aromatic acids an alkyl chloride 
and the dry potassium salt may he used in the 
presence of a trace of a base such as tricthyl- 
amine. Benzyl benzoate is readily prepared 
by heating together at 95-100” potassium 
benzoate (100), benzyl chloride (120) and 
triethylamine (1) (B.A.S.F., G.P. 268621). 

Methods 1 and 2 are generally used when 
steric hindrance interfers with the process of 
esterification. 

3. Action of methyl sulphate on an aqueous 
solution of the sodium salt of the acid (Werner 
and Seybold, Ber. 1904, 87, 3658). 

4. Action of an ethereal solution of diazo- 
methane on the acid (von Pechmann, Ber. 1895, 
28, 856 ; 1898, 81, 502 ; E. Fischer and Pfeffer, 
Annalen, 1912, 889, 205). 

5. By the action of an olefin on the acid. 
When ethylene is absorbed in fuming sulphuric 
acid, ethyl hydrogen sulphate is formed and on 


hydrolysis this yields ethyl alcohol. Other 
olefins react in a similar manner, each olefin 
rerpiiring a particular temperature or concentra¬ 
tion of acid, and the method is used in industry 
for preparing alcohols from the olefins contained 
in light petroleums or the light fractions from 
cracked oils (11. S. Davis, B.P, 248375, 249834). 
The method has been extended to organic; 
acids, using an olefin and acid with sulphuric 
aeid as catalyst and usually a j)araffin as 
solvent f<jr the ester, or with zinc chloride as 
catalyst at temperatures of 100-300” and 
pressures of 250-500 Ib. per sq. in. and in the 
absence of water (Behai anrl Desgrez, Compt. 
rend. 1892, 114, 676 : Brezinski and Frolich, 
F.S.P. 1951747 ; cj. Carleton Ellis, “ Chemistry 
of Petroleum Derivatives,” 1937, II, 307). 

6. An alcohol with carbon monoxich; and steam 
passed over WO3 or an acidic oxide of Orou]>s 1II 
to VI at 350” and 700 atmospheres pressure 
yields an ester; e.g. methyl acetate can be ob¬ 
tained from methyl alcohol, carbon monoxide 
and steam (II.P. 400189; IJ.S.P. 1940674, 
19462.58). 

7. A keten and an alcohol or phenol in the 
litpiid ])haHe or dissolved in a<'ctone with 0-5—2% 
of siilphuric acid or y>-toluene8ulphonic aci<l 
gives an ester. IMienol and keten give a 93% 
vi(4d oi phenvl acetate (Schroetcr, B(;r. 1909, 42, 
2346 ; Fruli(h ef al., U.S.P. 2018759; (ilraveH, 
r.S.P. 2007968 ; Middleton, U.S.P. 1685220). 

8. Esters can he obtained by (‘ondensing 
aldehydes in the y^reseiicc of aluminium ethoxido, 
and a trace of cliloride of aluminium, iron, 
zinc or mercury, but excess must be avoided 
(Child and Adkins, J. Amer. Chem. Soe. 1926, 
47, 798 ; ef. Adkins ef al., Ind. Eng. Chem. 1930, 
22, 1048; 1932, 24, 314 ; U.S.P. 1630593). 

9. Esters can ho obtained from alcohols (with 
or without small amounts of water) with a 
copper catalyst on carbon with 2% of chromium 
oxide at 275”. Other yjrodiicts are aldehyde, 
aeid and higher esters (Legg and Bogin, U.S.P. 
1580143; cf. U.S.P. 2004350). 

10. Fatty acids (with the exception of formic) 
and hydrogen at 280-400” passed over a catalyst, 
e.g. copper sulphate with oxide of chromium, 
yield esters, e.g. 

(Goldschmidt and Littmann to Kessler Chem. 
Corp., U.S.P. 1997172). 

11. A mixture of aldehyde and alcohol heated 
with oxygen and a catalyst, e.g. coal at 150-300”, 
yields an ester (G.P. 203848). 

Esterification by Enzymes.—The well- 
knowm hydrolysis of glycerides by lipase is a 
reversible reaction and in the absence of large 
amounts of water lipase can synthesise glycerides 
from fatty acids and glycerol. Enzymes of this 
typo are grouped as Esterases and occur in the 
liver, pancreas and other tissues. Liver 
esterase appears to be a complex comprising 
an active constituent agon and a carrier pheron 
(in presence of liy)ase, ethyl butyrate, Castle et 
al., Amer. Chem, J. 1900, 24, 491; amyl 
stearate, triolein, Potterin, Compt. rend. 1908, 
136, 1152). 

Esters of Sulphonic Acids. —Sulphonic 
acids do not give good yields of esters when 
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warmed with alcohol alone or with alcohol and 
a mineral acid. This is probably due to the 
fact that the ester formed immediately reacts 
with the alcohol, giving the free acid and an 
ether: 

CeHgSOgOMe+IVIeOH 

-CoHs-SOaOH-fMegO 

{tK Krafit and Roos, Bcr. 189,3, 26, 282.3; 
Wegseheider and Furcht, JMenaish. 1902, 23, 
1094). The esters are not formed when the 
sodium salt of the acid is warmed with alkyl 
iodide and alcohol (Wegseheider and Furcht), 
but can be obtained by the action of methyl 
suljihate on the acid or by the action of the 
alcohol on the acid chlorid(^ at low temperatures 
(Krallt, Ber. 1892, 25, 2250). 

Constants and Properties of Common 
Esters,—f 7'. iMat(hcv\.s and Favillc (J. Physical 
Cdiem. J9J8, 22, 1). 

TiiKoniRs OF Esterification. 

The great diirercnce between the neutralisation 
of a strong jicid by a strong base and the process 
of esterification by an alcohol led chemists to the 
view that the former is of the ionic type and the 
latter the non-ionic type of reaction, but it is 
now generally accepted that esterilication is 
controlled by ions. 

Henry (c/. Wegseheider, Monatsh. 1895, 16, 
75) suggested that the formation of the est(‘r is 
precederl by the formation of an additivi* com¬ 
pound of the acid and alcohol, viz. an alkyl 
derivative of an or//io-acid : 

O /OEt OEt 

R C< -> R C:^OH R C< 

^OH ^OH ""O 

which, by the loss of water, yields the ester. Jt 
is well known that many esters can form 
additive compounds with sodium ethoxide, and, 
therefore, presumably with ethyl alcohol, 
although compounds of the latter type have not/ 
lieen isolated. Von Bechmuim (Ber. 1898, 31, 
503) found that the esters of diortho-sub¬ 
stituted benzoic acids cannot yield additive 
compounds with sodium ethoxide, probably 
owing to the space filling (steric hindrance) of 
the groups in the ortho - jiosition; by analogy, 
the diortho-substituted acids should not yield 
the orthocarboxyhe acid derivative at aU readily, 
and this would account for the fact that diortho- 
substituted benzoic acids are not readily esteri- 
fied. 

In catalytic esterification, whore the activity 
of the acid catalyst is rougldy propoi-tional to 
its dissociation constant, the active agent 
appi^ars to be the proton. This view is sup¬ 
ported by the fact that the velocity is practically 
proportional to the concentration of the acid 
(‘atalyst and that the addition of small amounts 
of s^ts of the catalyst retard the reaction. 
Gk)ldschmidt and Hdby (Z. physikal. Chem. 
1907, 60, 728; see also Ber. 1906, 89, 711, 
Z. physikal. Chem. 1910, 70, 027, and Kailan 
and Kirchner, Monatsh. 1934, 64, 191). 

1. Acree and Johnson (Amer. Chem. J. 1907, 
38, 334) claim that in catalytic esterifica¬ 
tion, as in catalytic hydrolysis of esters by 


means of mineral acids, a complex is formed 
between the substance transformed (acid in 
esterification and ester in hydrolysis) and the 
catalyst. The (complex, only small amounts of 
which may be present, is ionised into 

yO 

(1) R-C< + and Cl 

OH2 

and the esterification proceeds by the reaction 
of the complex cation with tlie alcohol, e.g.: 

yO 

(2) R C< , -fEtOH 

R 4 H3O 

OEt 

Evans, Morgan and Watson (d.C.S. 1935, 

1171) Hup)>ort- the view that an ion R C(OH)2 
is formed IVom the acid and the proton. 

2. A view lield by Jiapwurtli (d.O.S. 1908, 
93, 2107, 2190), Goldschmidt (Z. physikal. 
Cliem. 1907, 60, 728), Michael (Ber. 1909, 42, 
.312) and many others is that the proton forms 
a comj>lex with the alcohol molecule and that 
this complex reacts with tlui a(;i(l. 

'fhe retarding effects j>rodueed by small 
amounts of water are, according to Lafiworth, 
due t(> the w^ater competing with the organic 
acid for the catnip'st, and giving rise to the 

complex ion H3O, which is not catalytically 
active. 

The schemes 1 and 2 above are formulated by 
Dalta, Day and Jngold, J.C.8. 1939, 838, cf. 
Ingold and Ingold {ibid. 1932, 756), as follows: 

1. R'-C<f 4. 

\OH 

R^— C-O f HgO (slow) 


r 

R ~C 


O 


0-1 h-o~-r ~>R'- c<^ 

.0 

\OR 


4 ^ 

OHR 

H (fast) 


2. R—OH4 H-vR—OHg 

/O , /P 

R —C<f - 4 R—OHa -y R'~~Cf 4-H2O. 

\0 ^OR 

It is dear that if the reaction proceeds as in 1, 
the OH group of the water eliminated in the 
formation of the ester is derived from the acid 
and not from the alcohol. On the other hand, 
if the reaction is as represented in 2 the OH 
of the water is derived from the alcohol and not 
the acid. The two views may be represented 
shortly as: 

1 . R'—CO—io—H-f H:-~ 0 --R 


Most of the experimental evidence ^ints to 
1 as being the correct interpretation, 
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Roberts and Urey (J. Amer. Chem. 8oc. 1938, 
60, 2391), when using an acid containing heavy 


oxygen, ^®0, viz. R'—C 


\i 


"OH 


, and an alcohol. 


R — OH, containing ordinary oxygen, found that 
the water formed during catalytic esterification j 
contained heavy oxygon,^®OH 2 , whereas with an ! 
acid containing ordinary oxygen and an alcohol 
with heavy oxygen the water formed contained 
no heavy oxygen. Support for this view is also 
given by work done by Ingokl and his co- 
Avorkers (kc.), and by Polanyi and Szabo (Trans. 
Faraday Soc. 1934, 30, 508). AVhen direct 
esterifi(^ation occurs then the acid yields protons 
and must dissociate at the point indicated, 
O 

R'C<;'^ , and this rupture will be affected by 

^O: H 

polar Hul)8titin‘ntH in the acid molecule in a 
manner op])osite to their effect on catalysed 
esterification. 

Hughes, Ingold and Mastennan (J.C.S. 1939, 
840) claim that the reactions 

R-O^Hg-vR+HgO (slow) 

R' COgH+R - vR' CO^RH H (fast) 

may be ancillary mechanisms during acid 
catalysed esterification. 3'his conclusion is 
based on the fac*t that with an opticaliy active 
secondary alcohol, c.r/. -octyl alcohol, a small 
blit definite amount of raceinisation occurs 
during esterification with acetic acid, using 
sulphuric aedd as catalyst. 

Hinshelwood and Lcgard (J.C.S. 1935, 587, 
1588) have studied esterification with the aid 
of the equation I- - where Z is the 

collision number. For many reactions in 
solution where one of the reactants is an ion 
P-1, but tends to be several powers of 10 
smaller for reactions between undissociated 
molecules. The values for P in cases of catalytic 
esterification (proton) are always several powers 
of 10 greater, viz. 10*, than for the corre¬ 
sponding direct esterification, and as a rule 
there is a correlation between large values of E 
and large values of P. 

For a series of alcohols changes in rate are 
determined by variations in E and not by the 
constant P, and for a series of acids those 
which react most slowly correspond to the 
highest values of E. They claim that steric 
hindrance appears to depend upon high activa¬ 
tion energy rather than on purely geometrical 
considerations. 

The authors consider that esterification is 
always a catalytic process and is compbeated 
kinetically by the fact that several molecular 
or ionic species present may be exerting catalytic 
effects. The principal terms in the velocity 
equation are (Rolfe and Hinshelwood, Trans. 
Faraday Soc. 1934, 30, 935): 

-^^^=*o(HX)(r6h,)+MHX)«. 

ROM is the alcohol used in large excess and 
its concentration may bo regarded as constant. 


For a weak acid ivith added hydrogen chloride 
the first term so far outweighs the second that 

may be neglected and can be determined 
directly using Goldschmidt and Udby’s formula. 

can be determined by working in the absence 
of added hydrion at fairly high temperatures, 
c.g. 120-200'". Ill some of the exampk?s studied 
under these conditions the reaction becomes 
bimoleciilar with reBj)ect to the acid, and shows 
practically no retardation on the addition of 
small ainoiinis of the sodium salt of vdie acid. 

In determining k^^ the temperature must not 
exceed (HU, as abov(‘ this temperature the 
hydrogen chloride and alcohol react rapidl^q 
and this reaction has an activation energy 
much higluT than lliat of the alcohol and organic 
acid. 

A comparison of the esterification of acetic, 
trimcthyincctic and trichloroacetic acids with 
ethyl alcohol shows that the aiitocatalytic 
esterification of the trichloro-acid is much slower 
than the corresponding hyrlrion-catalyscd 
esterification, in s[)ite of the fact that the 
activation energy is no greater, thus j)roving 
that the factor P is much greater for the reaction 
involving the charged catalyst. 

The reduction in the velocity of the catalytic 
eslcrification of acetic acid by the introduction 
of three chlorine atoms is attributed mainly to 
polar rather than to steric effects, but with three 
mctliyl groups, CMeg-COgH, the polar cfibcHs 
would bo to produce an accch'ration, whereas 
retardation occurs. 

Dippy, Evans, Gordon, Lewis and Wfitson 
(J.C.fS. 1937, 1421) show that tlu^ possibility 
of chelation in orl lio-derivativcs of ben/oic acid 
may play a part in afiecting rates of esterifica¬ 
tion and of hydrolA sis of esters. Palomaa ami 
Hiitonen (Per. 193(3, 69, [ BJ, 1349) mention the 
possibility of ring formation in the other ” 
acids they examined affecting the rates of 
esterification and hydrolysis. 

The replacement of -OR by -OH—the reverse, 
of esterification—is termed hydrolysis, and is 
brought about by water usually with added 
+ * 

H or OH ions. The replacement of ‘OR by 
I OR' by using excess of HOR' with a catalyst 
I is termed alcoholysis, t he replacement of R' in 
R'’COOR by R" under the influence of 
R'COOH is termed acidolysis, and the change 
RCOOR'R'CO*N Hg with the aid of liquid 
ammonia is termed aminolysis. 

J. J. S. 

ESTON. Trade name for basic aluminium 
acetate, Al 2 ( 0 H)a(C 2 H 302)4 (?) {see Thoms, 
Wisscnachaftl. Pharmazie, 1926-7,6, i, 720), used 
as a dusting powder of astringent, deodorising 
and bactericidal action (Pharm.-Ztg. 1907, 52, 
407 ; 0. SchmatoUa, Pharm. Post, 1907,40, 811; 
O. Blasius, Hyg. Rundschau, 1908, 18, 941). 

ESTORAL. A trade name for monthyl 
borate. 

“ ESTRICHGIPS ” V . Building 
Materials, II. Calcium Sulphate Plasters and 
Cements (Vol. II, p. 131a). 

ETA ACID ([e]-acid). a-Naphthylaraine- 
3:8-disulphonio acid. 

Eta acid is prcpaiud by nitrating naphthalene- 
l:6-disulphonic acid and reducing the nitre- 
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acid wdth zinc dust or iron filings (Bernthsen, 
Ber. 1889, 22, 3328; D.K.P. 52724). 

The 8 -fiulphonic residue is easily eliminated, 
c.fir. by heating with water or dilute acid to 
180'’ (G.P. 64979, 71494), etc. Eta acid has 
been used directly iii the preparation of azo 
dyestulfs (G.P. 46953, 156004) and also after 
conversion into the l: 8 - 8 ultono or sultain 
(G.P. 442610, B.P. 275301). 

^TARD’S REACTION r . Aldehydes 
(Vol. J, p. 194^^). 

ETELEN I.G. (Bayer). Trade name for 
ethyl triacetylgallatc (G.P. 279958), used in the 
treatment of dysentery (E. Loewenthal, Munch. 
Med. Woch. 1915, 62, 1748 ; (3. Seifert, ibid. 
1915, 62, 1750 ; E. Zcrnik, Z. angew. tliem. 
1915, 29, 89). 

ETHANE V . Ethyl (this VoJ., p. 3636). 

ETHERS. The ethers {aidijp air) are a 
group of compounds in which two alkyl or aryl 
groups (simple or substituted) are attached 
to an oxygen atom. They are known as simple 
or mixed ethers, according as the attached 
radicals are identical or different. Cyclic 
compounds such as ethylene oxide are known 
as inner ethers. The ethers may be regarded 
as the anhydrides of alcohols or phenols. 

PREfAKATlON. 

I. The most important method is the de¬ 
hydration of alcohols. 2ROH-> RgO^ HgO. 
This method is confined to aliphatic primary 
alcohols, secondary and tertiary alcohols 
yielding olefins. 

Dehydrating Agents. —(a) Sulphuric acid is 
the most usual dehydrating agent. The re¬ 
action proceeds through the intt'rmediate 
formation of the alkyl hydrogen sulphate 
(Wmiarnson, Annalen, 1851, 77, 37; 1852, 81, 
73): 

ROH f H 2 SO 4 -> RHSO 4 + HgO 
RHS 04 -fR 0 H ->R 0 R+H 2 S 04 . 

The sulphuric acid is reformed at the end of 
the reaction, which is therefore theoretically 
continuous, the alcohol being added gradually 
and the water and ether distilled off. 

Evans and 8 utton (J. Amer. Chem. Soc. 
1913, 35, 794) showed that the efficiency of the 
method as a continuous process is limited by 
the gradual reduction of the sulphuric acid to 
SO 2 . Sulphones and sulphonic acids are also 
formed as by-products. The water may be 
removed by the addition of petroleum or ben¬ 
zene, followod by azeotropic distillation (B.P. 
243736). The ease of elimination of water 
between alcohols varies greatly. Ether for¬ 
mation is in some cases very easy. For example, 
m-nitrobenzyl alcohol loses water by heat alone 
(Carre, BuU. 8 oc. chim. 1909, [iv], 6 , 286), 
and 2 % H 2 SO 4 is sufficient to bring about the 
condensation of epichlorhydrin and methyl 
alcohol to CICH 2 *CH(OH) CH 2 *OMe. Opti¬ 
mum conditions for the higher alcohols have been 
studied by Popelier (Bull. Soc. chim. Belg. 
1923, 32, 179) and for allyl and the aromatic 
alcohols by Senderens (Compt. rend. 1924, 178, 
1412; 1925,181,698; 1926, 182, 612). In the 
case of butyl and higher alcohols, the ether has a 


higher boiling-point than the alcohol and is 
separated by dilution of the reaction mixture 
with water, and steam distillation. Senderens 
and Aboulenc {ibid. 1926, 183, 830) obtained a 
mixed ether from benzyl alcohol and amyl 
alcohol, but not from cyc/ohexanol and amyl 
alcohol. 

( 6 ) An alternative method of dehydration is 
to pass the alcohol vapour over a heated de¬ 
hydration catalyst, sucdi as dried alum, at 
i 5)0-195°. Mixed ethers may be prepared easily 
in this way from allyl, benzyl and simple 
aliphatic alcohols (Mailhe and de Godon, Bull. 
Soc. chim. 1919, [iv], 25, 565; 1920, [iv], 
27, 121). 

Precipitated alumina is a most efficient 
catalyst, yielding ethers readily at 240-260” 
(Senderens, Compt. rend. 1909, 148, 227). The 
optimum conditions for ethyl ether by this 
method were further studied by Mailhe and de 
Godon (f.c.); Jatkar and Watson (J.S.C.l. 
1926, 45, 168) claim to have prepared a dry 
alum catalyst ten times as active as that 
of Mailhe and de Godon. TiOg, ThOg and 
WgOg have also been used successfully. ThOj 
yields ethers from phenols at 390-450” (Sabatier 
and Mailhe, Compt. rend. 1910, 151, 492). The 
use of pressure with AlgOg and Th 02 ia recom¬ 
mended in B.P. 332756. The mechanics of 
ether formation over catalysts has been dis¬ 
cussed in detail by Mailhe (Chem.-Ztg. 1911,35, 
48.5, 507). 

{<') A wide variety of other dehycUating 
agents have been shown to yield ethers from 
alcohols, but few have any value as preparative 
methods. Certain aromatic sulphonic acids 
are more c'fficicnt dehydrating agents than 
sulphuric a< id as tliey do not undergo reduction, 
an(l the process becomes in reality continuous. 
Ifimzenesulphonic acid at 145” is very efficient 
(Kraftt, Ber. 1893, 26, 2829), p-tolnenesulphonic 
acid is recommended for higher, secondary and 
aromatic alcohols (Vcmimmen, Bull. Soc. 
chim. Belg. 1924, 33, 96) ; methylenedisul- 
phunic acid has been used for amyl alcohol 
(Schroeter and Sondag, Ber. 1908, 41, 1921). 
Other miscellaneous dehydrating agents in¬ 
clude arsenic and boric acids ; acid sodium 
and potassium sulphates (Senderens, Compt. 
rend. 1929, 188, 1073); HCI at 170°; hydro¬ 
chlorides of weak bases, e.g. quinidine, for 6 days 
at 180° (van Hove, Bull. Acad. roy. Belg. 
1908, 540); ZnClj or AICL, for phenol to 
diphenyl ether (Mera and Weith, Ber. 1881, 
14, 189). 

II. Alkyl halides react with sodium alkoxides 
in the alcohol to yield ethers, 

RCI+NaOR' -> ROR'+NaCI. 

The method is particularly valuable for mixed 
ethers and ethers in the aromatic series. It has 
been modified by the use of the alcohol and an 
alkali in place of the alkoxide (Chancel, 
Annalen, 1869, 151, 305), 

RCI+ R'OH-h KOH ROR'-f KCH- HjO. 

This method, with the use of pressure, is em¬ 
ployed on the commercial scale (Carter and 
Coxe, U.S.P. 1459177). In the aromatic series 
it has been used by Shorigin (Ber. 1926, 50, [BJ, 
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2502) for the di- and tri-phenyl-methyl and 
naphthyl ethers by treating the corresponding 
halides with sodium phenate at 100 ®. Birosel, 
Huang and Sison (Univ. Phillip. Nat. App. 
Sci. Bull. 1 , 337) prepared anisolo from 
methyl iodide and phenol in acetone with 
K 2 CO 3 , and similar reactions have been carried 
out in liquid ammonia by Vaughn, Vogt and 
Nieuwland (J. Amer. Chem. Soc. 1935, 57, 
510). The' vapour of the halide may bo passed 
over the phenate heated at 200® (Vincent, Ber. 
1883, 16, 2513). 

III. Alkyl halides react with silver oxide to 
yield ethers. 2RCI-f Ag^ORgO-f 2AgCI. 
Palfray and »Sabetay used this method for the 
ethers of rye/ohexanediols (BiiU. Soc. chim. 
48, 895). 

IV. Methyl ethers are readily prepared from 
the hydroxy compound by the use of methyl¬ 
ating agents such as diazomethane, methyl 
sulphate or methyl p-toluenesulphonate (UU- 
mann and Werner, Annaleii, 1903, 327, 120), 

ROH + CH 2 N 2 -> ROMe+Ng 

Ethyl ethers result in an analogous manner 
from diethyl sulphate. Cerchez (Bull. Soc. 
chim. 1928, [ivj, 43, 702) recommends the initial 
Cionversion of the alcohol to the magnesium 
alkoxide with magnesium amalgam and treat¬ 
ment of this with the dialkyl sulphate. This j 
method is very satisfactory for higher alcohols. 

V. Pothers result from the reduction of acetals. 
This may bo accomplished in the case of alde¬ 
hyde acetals by the use of hydrogen and nit;kcl 
at 180®. PhCH(OEt )2 is reduced in this way 
to PhCHg OEt (Sigmund et ah, Monatsh. 
1927, 48, 207; 1930, 57, 234). In the absence 
of hydrogen, the vapour of an aliphatic or 
aromatic acetal passed over a heated precious 
metal yields an iinsaturatcd ether by 
splitting off alcohol (B.P. 345253). Ethers 
also result from the interaction of aldehyde or 
ketone acetals with magnesium organic com¬ 
pounds (Tschitschibabin and Jelgasin, Ber. 1914, 
47, 1843). A similar method is the formation 
of simple and mixed ethers by the interaction 
of iodomagnesium alcoholat/cs with esters 
(Stadnikov, J. Russ. Phys. Chem. Soc. 1915, 
47, 1122). 

VI. Much work has been done on the in¬ 

dustrial preparation of glycol monoethers by 
the addition of inonohydric alcohols to the 
alkylene oxides. The reaction is carried out 
under pressure with largo excess of alcohol 
(U.S.P. 1696874). Various substances have 

been used to catalyse this reaction, such as 
H 2 SO 4 , alkali metallic alkoxides and alkali 
salts of fatty acids (B.P. 271169); or the sul¬ 
phates of Zn, Ni or Co (B.P. 322017). With 
aromatic hydroxy compounds, basic substances 
are recommended as catalysts. Olefins react 
similarly to alkylene oxides to give unsat¬ 
urated ethers. Traces of strong acid are used 
to catalyse the reaction (Canad. P. 285359). 

VII. Ethers are also formed (a) with hydro¬ 
carbons, by the action of alcohols on benzene 
diazonium compounds (Hirsoh, Ber. 1892, 25, 
1973); ( 6 ) by heating the phenyl carbonic 
alkyl esters; PhO CO OEt PhOEt-fCOj 
(Binhom, ibid, 1909, 42, 2237); (c) by heating 
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phenates or naphtholatcs with CO and ethyl 
alcohol under pressure: 

PhOMe-fCO-f EtOH PhOEt+MeCOaH 

Properties. 

Physical.—The ethers are colourless neutral 
substances, the more volatile having a sweet, 
pleasant odour. The ether group is, how¬ 
ever, a weak osmophore, overjjowered by the 
benzene ring (Durrans, Perf. & Esserit. Oil 
Hec. 1919, 10, 104). In the lower members 
the boiling-point is lower than that of the 
parent hydroxy compound, but in the higher 
members (above propyl in the simj)le aliphatic 
series) the reverse is the case. The ultra-violet 
absorption of ethers has been examined by 
Bielecki and Henri (Compt. rend. 1912, 155, 
456) and the infra-red by Smith and Boord 
(J. Amer. Chem. Soc. 1926, 48, 1512). The 
lower members are slightly soluble in, but never 
miscible with, water. This slight solubility 
and the abnormally good solvent power of 
ethers for many hydroxy lie compounds are due to 
the donor action of the oxygen atom, which co¬ 
ordinates with the hydroxylic hydrogen, 
R' 20 ->H 0*R. Having no acceptor group, 
the ethers are non-associated liquids (Sidgwick, 
“ Electronic Theory of V^alency ”). The influence 
of structure on the solubility of ethers has been 
examined by Bennett and Philip (J.C.S. 1928, 
1930), who showed that for a given carbon 
content, the solubility increases wuth increased 
branching of the carbon chain. 

Chemical. —The ethers are chemically inert, 
and, apart from loose addition compounds 
formed at low tempcratui*es, can usually only 
be brought into reaction under drastic conditions 
at a high temperature. 

(i) Addition Compounds ,—Many aliphatio 
ethers undergo autoxidation in the presence of 
oxygen or ozone, with the formation of per¬ 
oxides. The reaction involves the addition 
of 1 mol. of oxygen, 

RO CHaR' ^RO CH R . 

O OH 

The peroxides are readily hydrolysed to alcohol, 
aldehyde and HgOg (Clover, J. Amer. Chem. 
Soc. 1924, 46, 419). The explosive nature of 
the peroxides makes the distillation of ethers 
containing traces of such impurity exceedingly 
dangerous, the peroxide accumulating in the 
distilling flask, and explosion occurring when a 
critical concentration is reached. The pheno¬ 
menon is particularly marked with isopropyl 
ether (Robertson, Chem. and Ind. 1933, 274; 
Morgan and Pickard, ibid, 1936, 421). 

Ethers form addition compounds with halo¬ 
gens and halogen hydrides. Only the former can 
be isolated crystallme. EtgO, BPj and E tgO, Bpjj; 
have been characterised by thermal analysis by 
McIntosh (J. Amer. Chem. Soc. 1910, 32, 1330; 
1911, 33, 71). EtO,Bra dissociates into its 
constituents above —40®. 

Ethers form similar compounds with metallic 
salts, €,g, with magnesium halides, compounds' 
of the formula MgX 2 * 2 R 20 are readily formed 
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(Baeyer and Villiger, Bcr. 1901, 34, 2688). Thai 
some of these may contain a tetravalont 
oxoniiim ion, and have the formula 

K 

R >0 ~Mg~ O ^ R 
R- \r 

is eonfirmed by the scission of tJa^ ethyliodo 
t3ompound by benzoyl chloride to ethyl i'oduh*, 
ethyl benzoate and magnesium chloriJh*, 

Mgl2*2Et20 1 2PhCOCI-> 

2Etl f 2Ph COOEt f MgCU. 

Mono etherates are never formed. For 
SnCl 4 * 2 R 20 , see Tronov, J. Russ. Phys.-Chem. 
Soc. 1916, 48, 550; AI 2 CI 6 - 2 R 20 (Frankforter 
and Daniels, J. Amer. Chem. Soc. 1915, 37,2560; 
Walker and Spencer, J.C.S. 1904, 85, 1106); 
Se 0 Cl 2 * 2 R 20 (Alquist and Nelson, J. Amer. 
Chem. Soc. 1931,53, 4033); complex acids react, 
e.g. hydroferro-, hydroferri- and cobalti-cyanic 
acids (Baeyer and Yilliger, Lc.; McIntosh, 
d. Amer. Soc. 1908, 30, 1097). The weakly 
basic nature of ethers exemplified in these 
reactions is confirmed by Tsakalotos (Bull. 
Soc. chim. 1911, [iv], 9, 519) from measure¬ 
ments of viscosity-density curves of ether- 
trichloroacetic acid mixtures. 

(ii) Action of Heat and Light .—Aliphatic 
ethers are broken down on passing through a 
hot tube with the formation of water, alcohols 
and unsaturated hydrocarbons (Kashima, BiiU. 
Chem. Soc. Japan, 1930, 5, 25). Passed over 
hot bauxite, decomposition proceeds fairly 
smoothly to olefin and water (Marx, Z. physikal. 
Chem. 1933, B, 23, 33). Complete breakdown 
is also effected by prolonged exposure to ultra¬ 
violet light, ethyl ether, for example, yielding 
CO, H 2 , CH 4 , CgHg. A similar dehydration 
to olefin and water is effected by heating 
aliphatic and alicyclic ethers with anhydrous 
oxalic acid (Waser and Sander, Helv. Chim. 
Acta, 1925, 8 , 106). Oxalic acid at 110-115‘" 
converts jS-liydroxy ethers to alcohols : 

R 2 C(OH) CH20Et -^RaC CH(OH) 

(Sommelet, Ann. Chim. Phys. 1906, [viiil, 9, 
484). 

(iii) The ethers are unattacked by boiling 
alkalis, except those of polyhydric" phenols, 
which are partly hydrolysed. On oxidation 
ethers yield the same products as the corre¬ 
sponding alcohols. Substitution occurs with 
chlorine and bromine ; the phenyl ethers behave 
like aromatic hydrocarbons with nitric and 
sulphuric acids, while the aliphatic ethers are 
respectively oxidised and converted to alkyl 
hydrogen sulphates. 

(iv) Ethers are reduced by hydrogen in 
presence of a catalyst, but only rarely by weaker 
agents. l:2:3-Trimethoxybenzene, for example, 
is reduced to resorcinyl dimethyl ether by 
sodium and alcohol (Thoms and Siebeling, Ber. 
1911, 44, 2134). Catalytic reduction with Pt 
black at room temperature reduces phenyl ethers 
to alcohols and (alicyclic) hydrocarbons (Waser 
et ah Helv. Chim. Acta, 1929, 12, 418). At 
higher temperatures, using nickel, reduction 


go(?s to comjilction with the formation of water 
and hydrocarbons (Marty, Oornpt. rend. 1928, 
187, 47; Van Duzee and Adkins, J. Amer. 
Chem. 8 o( 3 . 1935, 57, 147; Mailhe and Murat 
Bull. Soc. chim. 1912, [iv], 11, 122). 

(v) Sodium and sodium-potassium alloy have 
a slow action on dry ethers even at room 
temperature (Durand, (!ompt. rend. 1921, 172, 
70). At high temperatures (c. 200°) the reaction 
is rapid and eonsists first in tlie addition of 
2 atoms of Na to each molecule: 

ROR ->ROR' - >RONa f NaR' 

/\ 

Na Na 

R'Na then decomposes to give R'g or 1 mol. 
each of a saturated and unsaturated hydro¬ 
carbon (Shorigin, Bcr. 1923, 56, [B], 176; 
1924, 57, [Hj; 1627; 1926, 59, [B], 2610; 

1927, 60, [BJ, 2369). 

(vii) Ethers may be hydrolysed to alcohols 
by heating with dilute acids to a high tempera¬ 
ture (Wagner, Ber. 1877, 10, 1903); best by 
the action of sulphuric acid below 40% strength 
at 100 ° under jwessure (Vanschoidt and Lozovski, 
J. Gen. Chem. Russ. 1933, 3, 329; Carter, 
l^.S.P. 1733440). Phenyl ethers are best 
hydrolysed by boiling in glacial acetic acid with 
48% aqueous HBr (IStoermer, Ber. 1908, 41, 
321). 

(viii) PCI5 or PBr^ acting on the aliphatic 
ethers yield two molecules of alkyl halide. With 
aromatic ethers the other group is untouched 
and the nucleus is halogenated. Phenyl ethers 
are, however, broken down by AICI3 (Plartmanii 
and Gattermaim, Ber. 1892, 25, 3531). 

On heating with HCI, HBr or HI, ethers 
are similarly broken down to alkyl halides. 
HI in the cold gives alcohol and iodide. In 
mixed ethers the larger proportion of iodine 
I goes to the smaller radical (Michael and Wilson, 
ibid. 1906, 39, 2569). Zeiscl’s method of 
estimating methoxy or ethoxy groups depends 
on this reaction [see Chemical Analysis, Vol. II, 
p. G24d). 

A similar fission is effected, often in the cold, 
by acyl halides, e.g. acetyl iodide (Gustus and 
iStevens, J. Amer. Chem. Soc. 1933, 55, 378), 
to yield alkyl iodide and alkyl acetate. Here 
again, in mixed ethers, the larger proportion 
of iodine goes to the smaller radical. The 
chlorides of higher fatty acids will react only in 
the presence of ZnCL (Kyrides, J. Amer. Chem. 
Soc. 1933, 55, 1209). 

Fission of ethers with acetyl bromide (Lyd 6 n, 
Chem. Rev. 1925, 1 , 1813) or HBr in glacial 
acetic acid (Tronov and Ladigina, Ber. 1929, 62, 
[B], 2844; Tronov, J. Russ. Phys. Chem. Soc. 
1927, 59, 546) has been used to compare the 
relative firmness of attachment of different 
radicals to the oxygen atom by estimation of 
the amounts of ester and halide formed. It was 
found that ( 1 ) tertiary radicals are split off 
more readily than secondary, and secondary 
ten times as readily as primary; ( 2 ) strength 
of attachment increases with leiigth of carbon 
chain; (3) with branched chains, the closer the 
radical is to the oxygen atom, the greater 
is its resistance to cleavage; (4) a benzene ring 
facilitates cleavage more uian does a double bond^ 
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(5) The order of increasing affinity for O is: 
PhCHg, Me, Et, iso Amy Ph, in complete 
agreement with the results of Shorigin (f.c.), 
who determined the amounts of alkoxides 
formed by the action of sodium on ethers. 

(ix) With 8 ul})hui*ic acid, aliphatic ethers 
yield alkyl hydrogen sulphates. They will 
react with organic acids in the j)reH(‘nce of 
BF 3 (Hennioii, Hinton and iNiieuwland, J. 
Ainer. Chem. Soc. 19,‘i3, 55, 2857) or with acid 
chlorides in the presence of ZnClg to give the 
corrcHi)onc]ing ester. With the latter reagent, 
aromatic ethers give ketones by substitution in 
the nucleus by the acyl group. It has also 
been shown that ethers yield esters with acids or 
acid anhydridt's in the presence of dry HBr 
(Underwood and Wakeman, ibid. 1930, 52, 387). 

(x) By heating ethers with AlAs, Al^Se,, 
AlgTe^ at 300-350'", the oxygen is removed and 
repla(ted by metalloid (Natta, Giorn. Chim. 
Ind. Applicata, 192(5, 8 , 3G7). 

(xi) Among miscellaneous reactions of phenyl 
ethers the following are of interest: 

(ft) They are alkylated in tho ortho-position 
by secondary and tertiary alcohols and H 3 PO 4 
(Tschitsehibabin, Compt. rend. 1934, 198, 1239). 

(b) They are decomposed to })henolB by the 
action of organic; magnesium halides (Grignard, 
ibid. 1910, 151, 310). ' 

(f) They are sulphinated by SOCU or SOo 
in CS, with AICI3. 

EtOPh -> EtO CgH^ SOOH 

-> {EtO C 6 H 4 ) 2 SO (EtO CoH 4 ) 3 S OH 
(Smiles and J.«e liossignol, J.C.JS. 1900, 89, 090; 
1908, 98, 745), 

{d) The mercuration of phenyl ethers has been 
studied by Manchot and Bosseneckcr (Annalen, 
1920, 421, 331) and Dimroth (Ber. 1021, 54, 
fB], 1504). 

(e) Piperidine reacts with nitrophenyl ethers 
to give nitrophenyl pi])eridines and the corre¬ 
sponding phenols (Le l^'^vre, Saunders and 
Turner, J.C.S. 1927, 1108). 

(/) Addition compounds arc formed with picric 
acid in chloroform (Baril and Megrdiehian, .1. 
Amer. Clicm. Soc. 1930, 58, 1415) and with 
3:5-dinitrobenzoyl chloride by boiling for 1 hour 
in presence of ZnClg (Underwood, Baril and 
Toone, ibid. 1930, 52, 4087). Both these series 
of compounds arc valuable for identification of 
phenyl ethers. 

Uses. —The principal use of ethers both in the 
laboratory and in industry is that of solvent, 
particularly for oils, fats, waxes and hydro¬ 
carbons, and for extraction from aqueous media. 
The great disadvantage of ethyl ether—its 
volatility, resulting in loss during recovery— 
is overcome by the use of higher ethers such as 
butyl, isopropyl, ethylene or glyceryl ethers 
(Merz, Farben-Cheiu. 1934, 5, 91). Butyl 

ether has been shown to be at least as satisfactory 
as ethyl ether for Grignard reactions. In 
several cases the authors claimed increased 
yields by its use (Marvel, Blomquist and 
Vaughn, J. Amer. Chem. Soc. 1928, 60, 2810). 
Many unsaturated ethers, e.g. vinyl ether, 
polymerise to resinous substances which have 
found application in the plastics industry {see 
Vol. I, p, 93c). 

You IV.—23 


The lower aliphatic ethers, especially diethyl 
ether, find extensive application as amesthetics. 
Arniot (Presse M 6 d. 1932, 40, 300) has carried 
out a comparative examination of several 
members of the series in this connection. 
MeOEt and MCgO were less efficient than 
EtgO. MeOBu and CgHgOEt were toxic. 
vA’oBuOEt was excellent and without after- 
fi 

elleets. Pr .20 had no undesirable aftcr- 
efl’ects, but was so powerful that extreme care 
was necessary in its use. The most promising 

a 

results were obtained with PrOEt and 

iS 

PrOEt. The ethyl ether required for anaes¬ 
thetic i)urpoHes is prepared from rectified ether 
by removal of all toxic impurities {see Ethyl 
Ether, this Vol., p. 387b). 

ETHYL, CaHg- or CH 3 CH 2 -, a univalent 
free radical; the substance named ethyl (after¬ 
wards diethyl) by Erankland (J.C.kS. 1850, 2, 
203) is butane, C 4 HJQ. 

Ethylamines. 

Compounds in which one or more atoms of 
H in NH 3 are replaced by C 2 H 3 (Et). 
Ethylamine, NHgEt, b.p. lOdoyiOOmm, 
0*7057 (Timmermans, BuU. Soc. chim. Belg. 
1910, 24, 244), d at -2°, 0*708 (Hofmann, 
Ber. 1889, 22, 099); sp.gr. 0*7013/4°, 0*6892/ 
15° (Perkin, J.C.S. 1889, 55, 691); m.p. -85*2°, 
b.p. 19-20° (Ladenburg and Kriigel, Ber. 1899, 
32, 1818); erit. temp. 183*2°, erit. press. 
55*5 atm. (Berthoud, J. Chim. phys. 1917, 15, 
11 ); mol. heat of combustion of vapour, const, 
vol., 408*5 kg.-cal. (Berthclot, Ann. Chim. 
Phys. 1881, [vj, 23, 244). It was obtained from 
ethyl isocyanate and KOH (Wurtz, Annalen, 
1849, 71, 330; Compt. rend. 1849, 28, 223); 
from EtBr and N H 3 (Hofmann, Annalen, 1850, 
74, 159); by putrefaction of yeast and of flour 
(Hesse, Jahresber. 1857, 403; Sullivan, ibid. 
1858, 231); by heating alcohol with NH4CI 
at 300° (Berthelot, Ann. Chim. Phys. 1853, [iii], 
38, 03); by action of naseent H upon acetonitrile 
(.Mendius, Annalen, 1862, 121, 142); it is pro¬ 
duced in the dry distillation of the residues from 
sugar-beet after removal of sugar (Duvillier and 
Buisine, Ann. Chim. Phys. 1881, [vJ, 23, 317); 
by action of KEtS 04 upon alcoholic NH 3 at 
120° (Erlenmeyor and Carl, Jahresber. 1876, 
017); by reduction of acetamide with Na in 
boiling amyl alcohol (Guerbet, Compt. rend. 
1899, 129, 62); from EtOH and phospham 
at 225-250° (Vidal, G.P. 64346); by electrolytic 
reduction of nitroethane in dilute aqueous- 
alcoholic H 2 SO 4 at c. 70° (Pierron, Bull. Soc. 
chim. 1899, [iii], 21, 784). 

Preparation. —(1) 1 vol. of ethyl nitrate is 
heated with 3 vol. of alcoholic ammonia for 
12 hours at 100 °; the free bases are separated 
from tho NHg by neutralising with H 2 SO 4 , 
evaporating and extracting the solid residue 
with alcohol ; the sulphates are then decom¬ 
posed by NaOH, and the free bases distilled 
over, converted into picrates and crystallised. 
The picrate of EtgN separates first, in yellow 
needles; then the EtN H* salt in brown prisms; 
tho picrates are then separated and decomposed 
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hy HCI, and the bases liberated by KOH 
(Carey Lea, Amer. J. Sci. I860, [ii], 30, 402: 
1861, [ii], 82, 25), 

( 2 ) Crude EtCI, from the manufacture of 
chloral, is heated in a digestor at 100 ° for an 
hour with 3 times its volume of alcohol (96%), 
previously saturated with NH^. On cooling, 
NH 4 CI separates and is riltered otf, and the 
remainder is distilled until free from NH 3 and 
alcohol ; the residue (hydrochlorides of mono-, 
di- and tri-ethylamine, mixed with a little 
NH 4 CI) is treated with a strong solution j 
of NaOH, the amines separated and dried over 
N aOH ; the mixture of the three bases is treated 
with ethyl oxalate, and the EtgN, which is 
unacted upon, is distilled off; the residue, a 
mixture of solid diethyloxarnide, (CO-NHEtlg, 
and liquid ethyl dicthyloxamate, 

C 0 (NEt 2 )C 03 Et, 

is separated by filtering at 0 °, the diethyloxarnide 
crystallised from hot water and decomposed 
with KOH (Hofmann, Ber. 1870, 3 , 109, 776; 
I)u villier and Buisine, Compt. rend. 1879,88, 31). 

(3) Ethyl bromide is treated with excess of 
ammonia in alcoholic solution. By regulating 
the addition of the ethyl bromide to the am- 
moniacal solution it is possible! to obtain the 
primary and secondary bases without any 
appreciable quantity of the tertiary base 
(Werner, J.C.S. 1918, 113, 899 ; c/. J. Amer. 
Chem. Soc. 1913, 35, 1782). 

(4) Ethyl chloride and sodamide yield 
NHgEt free from NHEtg and NEtg (Picon, 
Bull. Soc. chim. 1924, [iv], 35, 979). 

A mixture of the thrtje ethylamincs can be 1 
separated by fractionation through a 16-bulb 
column (Gamer and Tyrer, J.C.S. 1916, 109, 174). 

Properties. —Ethylamine is a mobile liquid, 
with a strong ammoniacal odour; it has jm 
alkaline reaction, and is strongly caustic; it 
burns with a yellow flame. It is miscible in all 
proportions with water, displaces NHg from its 
salts, and like NHg precipitates metallic 
hydroxides and oxides from salts; it dissolves, 
however, the hydroxides of A I, Au and Ru, 
but not those of Cd, Ni and Co. The chloride 
is decomposed on distillation into NHgEt, 
MHEtgj NHgi C 2 H 4 and EtCi (Filoti and 
Picemi, Ber. 1879, 12, 1608). Solid KMn 04 
oxidises aqueous ethylamine to aldehyde and Ng 
(Carstanjen, J. pr. Chem. 1863, 89, 486) ; Caro’s 
acid yields acetic acid, acetonitrile, acetaldoxine, 
nitroethane and C Hg-C (O H); N O H (Bamberger, 
Ber. 1902, 35, 4293). It forms a compound, 
NHEtK. With iodoform in ether it gives 
EtNHo-CH I 3 , white needles, from CHCI 3 , m.p. 
102° (fiehn and Conner, J. Amer. Chem. Soc. 
1912, 84, 1409). When passed through a Pyrex 
glass tube at 600°, ethylamine yields chiefly 
CHj'CN and Hg (Hurd and Carnahan, 
ibid. 1930, 52, 4151). With CSg ethylamine 
gives NHEt-CS SH NHgEt; this on boiling 
with HgClg gives EtNCS (Hofmann, Ber. 1870, 

8 , 768; 1875.8, 107,767). With CHCI 3 and 
KOH ethylamine gives EtNC. 

Salts (see Wurtz, Annalen, 1860, 76, 329).— 
NHgEt-HCI, deliquescent plates, m.p. 108°, 
decomposes above 270° (Fileti and Piccini, /.c.), 

1*2045 ; molec. refract. 36*97 (calc. 36*96) 


(Kanonnikow, J. pr. Chem. 1886, [ii], 31, 347) ; 
soluble in alcohol ; soluble in 0*42 part of water 
at 17° (Schift’ and Monsacchi, Z. physikal. Chem. 
1897, 24, 513). The hydrochloride and hydrio- 
dide exhibit isodimorphism : both are mono¬ 
clinic at ordinary temperatures, changing at 
higher temperatures to uniaxial modifications. 
N HgEt mixed with excess of HgClg solution and 
boiled a few minutes precipitates white 
HgCI-NHEt; this when boiled for several hours 
with water forms yellow HgCI*OHg*N H Et. 
With excess of NHgEt and HgClg, white 
(HgO) 2 *HgCl 2 * 2 N HgEt is precipitated. Alco¬ 
holic solutions of the reagents yield 
HgClg’NHgEt, white crystals (Kohler, Ber. 
1879, 12, 2208, 2321 ; for the compounds 
formed in presence of HCI, Widman, J.C.S. 
1914, 106, i, 149). 2 NH 2 Et*PtCl 2 , a yellow 
powder, combines with NHgEt to form 
4NHgEt-PtCl2*2H20, 
colourless crystals, soluble in water, 
(NHaEDgPtCle forms orange-yellow rhom- 
bohedrons, 2*256 (Clarke, Ber. 1879, 12, 
1399). NHgEt-AuCU forms golden-yellow 
monoclinic i)ri 8 ms, soluble in water. 

(NH 2 Et) 2 H 2 S 04 is a deliquescent substance, 
soluble in alcohol; it forms double salts with 
other sulphates, e.g. ethylammoniurn alum, 
(NH 3 Et) 2 S 04 , Ai 2 (S 04 ) 3 , 24 H 2 O, octahedral 
crystals, soluble in 6*89 parts of water at 25°. 

NHgEt HgS is formed by the combination of 
the amine and HgS in ethereal solution below 0°; 
m.p. 50-55° (Achterhof, Conaway and Boord, 
J. Amer. Chem. Soc. 1931, 53, 2682), 
KthylcMorauiine^ NHEtCI, is a very pungent- 
smelling oil, sp.gr. 1*067/0°. It is "formed by 
mixing solutions of NaOCI and ethylamine 
hydrochloride. Heated with HCI, it yields 
ethylamine and CIg (Berg, Ann. Chim. Phys. 
1894, LviiJ, 3, 319). 

EthyldicMoramine, ethyl nitrogen chloride, 
NEtClg, b.p. 88-897762 mm., sp.gr. 1*230/16°, 
is formed by passing CIg through aqueous 
NHgEt (Wurtz, Compt. rend. 1840, 11, 810); 
it can be prepared by distilling a mixture of 
NHgEt*HCI and 2 | times its weight of bleach¬ 
ing powder with a little water (Tscherniac, Ber. 
1876, 9, 146 ; 1899, 32, 3682 ; cf. 3343) ; it is a 
yellow oil with a penetrating odour ; insoluble 
ill water and acids. It decomposes on long 
Btaiuiing into HCI, NH 4 CI, NHgEt-HCI, 
CHCI 3 , CHgCN and CH 3 COCI (Kohler, 
ibid. 1879, 12, 1870) ; but the pure substance 
can be kept unchanged in the dark for long 
periods (Tscherniac, ibid. 1899,82, 3682). Alkalis 
decompose it into acetic acid and NHg. It 
behaves towards many bodies as a powerful 
chlorinating agent; ZnEtg yields NEtg and 

ZnCIg. 

Ethyldibromamine,, NEtBpg, and ethyldi- 
iodoamine, NEtIg, are formed similarly; the 
latter is a dark-blue liquid (Wurtz, Annalen, 
1860, 76, 328). 

Ethyl nitramine, NHEt-NOg, m.p. 6 °, sp.gr. 
1-1676/15°. It is a colourless liquid with an acid 
reaction, prepared by action of NH- upon 
diethyl nitro-oxamide; also from methyl ethyl- 
carbamate and cone, nitric acid (Franchimont 
and Klobbie, Rec. trav. chim. 1888, 7, 356), 
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It gives two classes of alkyl derivatives (Umb- 
grove and Eranchimont, ifnd. 1897,16, 3881. 

Diethylamlne, NHEta, -40^ b.p. 

66-5~66°/7f)7-8 mm, (Hofmann, Ber. 1889, 22, 
699), 55*5°/759 mm., d® 0*7262 (Oiidemans, 
Hec. trav. chim. 1882, 1, 59) : sp.gr. 0*7226/4°, 
0*7116/15°, 0*7028/25° (Perkin, J.C. 8 . 1889, 
55, 691) ; crit. temp. 223*3°, erit. press. 
36*6 atm. (Berthoud, J. Chim. phys. 1917, 15, 
12). Prepared from NHj^ and EtI (Hofmann); 
from NH 3 and EtNOj (Carey Lea, Jahresber. 
1861, 493) ; from alcoholic NH 3 and EtBr 
(Garner and Tyrer, Lc. ; Werner, l.c.) ; by the 
action of very dilute NaOH solution upon 
(Et 2 N*N 0 ) 2 H 2 S 04 (Kopp, Ber. 1876, 8 , 
622) ; by the action of ethyl alcohol upon 
phospham at 225-250° (Vidal, G.P. 64346); 
by heating /i-toluene-sulphodiethylamide with 
chlorosulplionic acid at 130-150° (Marckwald and 
von Droste-Huolshoff, Ber. 1898, 31, 3263) ; 
from p-nitroHodiethylaniline, 

NO-CgH^-NEtg f NaOH 

-NHEt24NO C6H5*ONa ; 

50 g. NO-CfiH^-NEtg are dissolved in 148 g. of 
HCI (sp.gr. 1*1), diluted with 75 c.c. of water, 
and 32 g. of NaNO.^ in 50 c.c. of water are 
added ; the mixture is poured slowly through a 
reflux-condenser into a boiling solution of 85 g. of 
NaOH in 2 1. of water (Norris and Kimberley, 
Amer. Chem. J. 1898, 20, 60). A convenicuit 
large-scale laboratory preparation from di- 
ethylaniline has beem described by Price, 
Brazier and Wood (J.S.C.I. 1916, 35, 147); 
cf. Koenigsberg (Industrie Chim. 1921, 8 , 314). 

Diethylamine is a colourless, inflammable 
liquid with a pronounced ammoniacal odour, very 
soluble in water; it is a strong base, and acts 
like NHgEt, except that it does not dissolve 
Zn(OH) 2 . It gives complex ions with Ag salts 
(dob, Compt. rend. 1923, 176, 1805). H 2 O 2 
oxidises it to diethylhydroxylamine (l)unstan 
and Golding, J.C.S. 1899, 75, 1009). It reacts 
with ethylene oxide in methyl alcohol at 45-(>0°, 
yielding‘NEt 2 *CH 2 *CH 20 H, b.p. 163° (Horne 
and Shriner, J. Amer. Chera. {Soc. 1932, 54, 2925). 
The nitrate decomposes suddenly at 170°, giving 
nitrosodiethylamine, NEtg'NO (Franchiniont, 
Rec. trav. chim. 1883, 2, 95). The hydro¬ 
chloride forma non-deliquescent plates, m.p. 
215-217°, b.p. 320-330° (Wallach, Annalen, 
1882, 214, 275), ^ 1*0475 (Schifif and 

Monsacchi, Z. physikal. Chem. 1897, 24, 514); 
it combines with many metallic chlorides, e.gr. 
(NH 2 Et 2 ) 2 PtCle, orange-yellow monoclinic 
crystals (Topose, Jahresber. 1883, 619). The 
hydrobromide gives the double salt 

NH 2 Et 2 Br* 2 HgBr 2 , 

m.p. 158° (Hann, J. Amer. Chem. Soc. 1923, 45, 
1763). The picrate has m.p. 71*5°; the dini- 
trobenzoate has m.p. 147-5-149° (Buehlcr and 
Calfee, Ind. Eng. Chem. [Anal.], 1934, 6 , 351). 

Diethylchlor amine y NEtgCI; a pungent- 
smelling oil, b.p. 91°, sp.gr. 0*943/0°, formed by 
the action of NaOCI upon N H Etg. It decom¬ 
poses on standing with the formation of di- 
ethylamine hydrochloride (Berg, Ann. Chim. 
Phys. 1894, [vii], 3, 320). 

Dieihylnitraminet NEt 2 *N 02 ; b.p. 206*6°/757 


mm., 93°/16 mm., sp.gr. 1*067/15°. It is formed 
by the action of EtI upon KNEt-NOg, and by 
the action of fuming H NO 3 upon a.s-diethylurea. 
It is decomposed by KOH at 160-16()° into 
ethylamine, HNO3 and acetaldehyde (Franchi- 
mont, Rec. trav. chim. 1887, 6, 149; Umbgrove 
and Franchiniont, ibid. 1897, 16, 396). 

IHethylimnitramine, an oil, b.p. 46-50°/18 mm., 
sp.gr. I -000/15°, formed by the interaction of Et I 
and NEtAg N02. It is decomposed by KOH 
at 100 ° into alcohol, nitrogen and acetaldehyde 
(Uinbgrovc and Franchimont, ibid. 399 ). 

Nitrosodiethylamine, NEtg-NO.; b.p. 176-9° 
(corr.), sp.gr. 0-951/17-5° (Geuther) ; v.d. --3*36 
(calc. 3-53) (Knecht, Ber. 1877, 10, 979). Formed 
by distilling a neutral solution of diethylamine 
hydrcx-hloride with a cone, solution of KNOj 
(Gcuther, Annalen, 1863, 128, 151), or from 
NHEtg and NOCI in ethereal solution at —15° 
to - 20° (iSolonina, J. Russ. Phys. Chem. Soo. 
1898, 30, 431); it is a yellow oil with an 
aromatic odour, decomposed by HCI into di- 
ethylamincand HNOg. Alcoholn-potash at 156“ 
yields NHg, CgH^ and NHgEt ; Na amalgam 
gives NgO and diethylamine (Geuther, J. pr. 
Chem. 1871, [ii], 4, 436). 

Triethylamine, NEtg; b.p, 89-89-57736-5 
mm. (Briihl, Annalen, 1880, 200, 186), 89-- 
90-5°/767-8 mm., sp.gr. 0-735/15° (Hofmann, Ber. 
1889, 22, 700), 0-7426/4°, 0-7331/15°, 0-7257/25° 
(Perkin, J.C. 8 . 1889, 55, 692); crit. temp. 
267-1° (Pawlewski, Ber. 1883, 16, 2633); it 
remains liquid at —75° under 10 mm. pressure 
(Hofmann). Prepared by the action of NHg 
upon EtI (Hoimanu, Annalen, 18.50, 73, 91) or 
upon Et-ONOg (Carey Lea, Jahresber. 1861, 
493; 18({2, 331). Crude ethylamine (from EtC I 
and NH3) is treated in nlcoholie solution with 
EtCl (Duvillier and Buisine, Ann. (,%im. Phys. 
1881, [vj, 23,345); for the preparation from 
NHgEt and EtBr, see Rakshit (J. Amer. Chem. 
Soc. 1913, 35, 1781). It can be prepared also 
by distilling NEt 4 -OH. 

It is an oily liquid with a strong ammoniacal 
smell, slightly soluble in water; it is a fairly 
strong base. When its salts arc strongly heated, 
the triethylamine is destroyed, with the for¬ 
mation of a little NEt 2 *NO (Geuther, Zeitsch. 
Chem. 1886, 513). It gives a compound with 
iodoform, 2 NEt 3 * 3 CHi 3 , rn.p. 81-83° (Stein- 
kopf and Bessaritsch, J. pr. Chem. 1925, [ii], 
109, 230). 

The hydrochloride, forms feathery non- 
deliquescent scales, and combines with many 
metallic salts to form double compounds; 
1*068; 1 part of water dissolves 1*5 parts of 
the hydrochloride. The nitrate has m.p. 98~ 
99° (Franchimont, Rec. trav. chim. 1883, 2, 339). 
The hydrobromide gives the double salt, 
Et 3 N* 2 HgBr 2 , m.p. 124-125° (Hann, lx.). The 
dinitrobenzoate has m.p. 81-83° (Buehler and 
Calfee, l.c.). It forms a hydrosulphide, m.p. 
25-27°, with HgS in ethereal solution at tem¬ 
peratures below 0 ° (Achterhof, Conaway and 
Boord, l.c.). 

Tetraethylammonlum hydroxide, 

NEt 4 *OH, known only in solution or as solid 
hydrates, is formed from the iodide Et 4 NI 
by the action of AggO. The hydrate 
NEt 4 * 0 H, 4 H 20 forms very deliquescent 
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needles ; it is a strong base, eagerly absorbing 
COg. It displaces NH 3 from its salts, precipi¬ 
tates metallic hydroxides, and gives a blue 
solution with CUSO 4 and sugar (Hofmann, 
Annalen, 1861, 78, 264). It is decomposed by 
dry distillation, yielding triethylaraine, ethylene 
and water; when heated with EtI, it gives 
Et.NI and alcohol. When evaporated down 
with HgOg, it forms the tetroxide, (NEt4)204, 
and the peroxide, (NEt 4 ) 202 ‘H 202 (Traube, 
Burmeister and Blaser, Ber. 1927, 60, [15], 439). 

Salts. —The chloricU, E 14 NCI, forms deli¬ 
quescent crystals, 1-0801, and yields many 
double salts, c.g. (Et 4 NCI) 2 *HgCl 2 , tetragonal 
crystals; Et 4 NCI-HgCl 2 , triclinic crystals 
(Topsoe, Jahresber. 1883, (>20); (Et 4 N) 2 *PtCle, 
orange-yellow crystals, diflicultly soluble in 
water, almost insoluble in alcohol. The bromide^ 
light-orange needles, combines with Bfg to form 
an unstable tribromide of m.p. 78'’ (JVIar- 
quart, Bor. 1870, 3, 284); it gives with alcoholic 
iodine solution a precipitate of Et 4 N I 3 , quadratic 
prisms (Weltzien, Annalen, 1854, 91, 33), which 
is also formed along with CH I 3 when the mono¬ 
iodide is electrolysed between j)latinum elec¬ 
trodes (Goecke, Z. Elektrochcm. 1904, 10, 249). 
The monoiodide forms largo crystals, soluble in 
cold water and in alcohol, insoluble in ether; 
sp.gr. 1-659 (Schroder, Ber. 1879, 12, 562). 

T riethanolamine, trihydroxy triethyl- 

amine, N(CH.yCH 20 H) 3 , b.]). 277-2797150 

mm. , (/20 ].]242, is prej)ared by the action of 
NHg upon CICHg'CHg'OH (cldorohydrin) 
(Chancel, Compt. rend. 1899, 128, 314), and by 
the interaction of (CH 2 )oO (ethylene^ oxide;) and 
NHg (Wurtz, Annalen, 1862, 121, 227). H (-an 
be prepared pure from its hydroeliloride, m.}). 
177-178" (below), by decomposition with NaOH 
in Kvopropyl alcohol (Germann and Knight, .1. 
Amer. Cbem. 80 c. 1933, 55, 4160). 

It is a thick oil, non-volatilc in stc'ain, com¬ 
pletely miseible with water and alcohol, soluble 
in CHCI3, and only slightly soluble in light 
petroleum, benzene and etlier (Knorr, her. 
1897, 30, 918). it is a strong mono-acid base, 
absorbing HgO and COo from the air (Knorr, 

lx. ). It is precipitated from an aqueous solu¬ 
tion by KO H as the K derivative (needles) (Knorr, 
I.C.). With solutions of CoClg or C 0 SO 4 it 
gives an intense violet-pink colour, in concen¬ 
trations of )>1 : 2,000 (Garclli and Tettamanzi, 
LTnd. Chimica, 1933, 8, 677), but this is not 
very characteristic. 

It gives numerous complexes with salts of 
bivalent metals. It is used, as are also mono- 
and di-othanolamincs, in the soap, fat, oil and 
wax industries, and as an emulsifier for oils ; 
in the production of resins, lacquers, paints 
and insulating media (Fischer, Farbe u. Lack, 
1936, 519, 633 ; for an account of its pro¬ 
perties and uses, see Wilson, Ind. Eng. Chem. 
1930, 22, 143). It can he determined in 
toilet preparations, etc., by evaporating the 
ethyl alcohol extract of the saponified cream, 
etc., to dryness with HI, and washing the 
hydriodide with Mopropyl alcoliol; glycerol, 
glycol, mono- and di-othanolamines do not 
interfere (Flack, Analyst, 1936, 60, 77). 

The hydrochloridct CgHjgOgN-HCI, has m.p. 


177-178" (from alcohol), and is difficultly soluble 
in HgO and alcohol. 

The platinichloride, (CgHj^OgN H) 2 ptCl 3 , 
has m.p. 118-119° (from alcohol). 

Ethyl antimonite, (EtOj^Sb; b.p. 103°/I8 
mm. (Meerwein and Bersin, Annalen, 1929, 476, 
138); by the action of EtOH on SbClg in 
benzene : yield 73% (M. and B.). It is a colour¬ 
less liquid. McKey’s preparation from EtOH 
and SbgOg, in presence of CUSO 4 (J.C.S. 1909, 
95, 604), is obviously not the ester: he gives 
b.p. as 116-120° at ordinary temperatures. 

Ethyl arsenate, a liquid, b.p. 148-150760 
mm., d^ 1-3264; it is decomposed by water im¬ 
mediately. Formed from Ag 3 As 04 and EtI 
in a sealed tube at 100° (Crafts, Bull. Soc. chini. 
1879, [iij, 14, 99). 

Ethyl arsenite, (C 2 Hf, 0 ) 3 As; a liquid 
formed by the action of C 2 H 5 OH upon AS 2 O 3 
ill the presence of anliyd. CUSO 4 , the yielil 
being 4-6% (Lang, McKcy and Gortner, J.CJ.S. 
1908, 93, 1368). According to Crafts (Lc.) it is 
obtained in very small yield by ( 1 ) the action of 
EtgSiOg upon ASgOg at 200 ° ; ( 2 ) the action of 
AggAsOa upon Eti at 160° ; (3) action of 
AsBrg upon NaOEt. Auger (Compt. rend. 
1906, 143, 907) obtained a yield of 1-2% by 
heating EtOH and ASgOg in a sealed lube to a 
high temperature. It has b.p. 165-166°, and 
d^ 1-224. 

Ethyl borate, (EtO) 3 B, from alcohol and 
BCI 3 or a borate (or boric acid) and H 2 SO 4 ; 
from alcohol and B 2 O 3 ; m.p. - 85", decomposes 
above 65° (Webster and Dennis, »!. Amer. 
Chem. Soc. 1933. 55, 3233). It is readily 
decomposed by water ; it reacts with zinc ethyl 
and zinc methyl to give BEtg and BMe 3 
rcsj)C< tivcly. It burns with a green flame (cf. 
lest for horates). Dijiole mojnoiit (Cowley and 
Parf ington, Nature, 1935, 136, 643). 

Ethyl boride, BEtg, horopfhyl. b.f). 95", 
0-696; v.d. --3'.598/132°,' 3-76/101-6’ 
(cab;. —3-399). Prcjiared by the aefton of 
ZnEtg upon (EtO) 3 B (ethyl borate), or from 
BCI 3 and ZnEt^ (Franhland, Phil. dVans. 
1862, 152, 167; “Proc. Roy. 80 c. 1876, 25, 
165). It is a spontaneously inflammable, colour¬ 
less liquid burning with a green flame. It is 
slowly decomposed liy water, and destroyed by 
HNO 3 , with the formation of boric acid ; HCI 
decomposes it, forming BEtgCI and evolving 
CgHg. It absorbs NH 3 , forming an oily liquid, 
NH 3 -BEt 3 , with an aromatic odour, which is 
fairly stable even in contact with O. Ethyl 
boride absorbs O and forms BEt 302 , b.p. 
126°; with water, this yields ethyl-boric acid 
EtB(OH) 2 , ^ crystalline solid resembling 
naphthalene in appearance; it can be sublimed 
at 40°; it has a sweet taste and an acid reaction, 
but does not combine with bases. With 
ZnEta it gives BEt(OEt )2 and B(OEt) 3 . 
The further action of ZnEtg yields BEtg'OEt, 
b.p, 102°, v.d. 3-914, converted by water into 
BEto-OH, a spontaneously inflammable liquid 
which absorbs oxygen and is converted into 
BEt(OEt)OH, m.p. 8 °. 

Ethyl bromide, hydrobromic ether, EtBr; 
m.p. —116-0° (Ladenburg and Kriigel, Ber. 
1899, 32, 1818), -125-6° (Schneider, J. physikal. 
Chem. 1897, 22, 233); b.p. 38-22° (corr.) (Thorpe 
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and Hodger, Phil. Trans. 1894, A, 11 , 472), 
38-47700 mm. (Tyrer, J.C'.S. 1914, 105, 2538); 

1-4189 (Mondelecff), l- 4 (> 8 r>; orit. 

temp, 236^ (Pawlewski, Jh^r. 1883, 16, 2633). 
Dipole moment 1 - 7 S, 10 “^*^ (Mahanti and 
Cnpta, Ind. J. Phys. J92S, 3, 181). 

Preparation. —(T) By action of P and Br 
upon alcohol (S^rullas, Ann, Chim. Phys. 1826, 
[ii], 34, 99); 40 parts of red P and 160' parts of 
absolute alcohol are slowly mixed with 100 
])artR of Br, keeping cool until the action is over; 
the mixture is then distilled, and the distillate 
is purified by washing with w-atcr and rectifi¬ 
cation (Personne, Compt. rend. 1861, 52, 4 () 8 ). 
(2) Pour parts of KBr and 5 parts of a mixture 
of 2 parts of H 2 SO 4 and 1 part of 96% alcohol 
are distilled, and the distillaPi purified by wash¬ 
ing wdth alkali and water (De Vrij, .lahresber. 
1857, 441 ; Tabourg, Bull. Soc. chim. 1911, 
|iv|, 9, 124). Weston (d.C.S. 1915, 108, 1489) 
gives details of a modification of De Vrij’s 
method, using NaBr instead of KBr and 
]}aying attention to the rate of heating, vvh(‘i‘(‘l)y 
yields of 80-90% of the theoretical ainounf, <»f 
pure EtBr can be obtaiiH^d (c/‘. Holt, ihid. 
1916, 109, 1). Hendrixson (A. 1936, 52) staters 
that the addition of Cu to the reaction 
inixture increases the yield to 80%, because the 
SO 2 liber-fited n-duces Br to HBr. (3) In the 
]U‘esem;e of AlBrg at O' , CoH^ combines with 
HBr to give EtBr ((jIustaAson, .1. Hubs. Phys. 
Phem. Soc. 1884, 16, 95). (4) Por the pr(‘j)ara¬ 
tion from aqueous HBr, H.,S 04 and EtOH, 
yield 90-95%, vW Organic Syntheses, 1921, 1, 
6 . To ])reparc j)ure EtBr, the commercially 
pure bromide is shakem with H 2 SO 4 then 
with dilute alkali, and disfillecl w'ith 10 % of 
sv\'(‘et almond oil (Adrian, Chem. Zcjitr. 1895, 

I, 20 ). 

Ethyl bromide is (lolourless liquid with a sw^etit, 
burning taste. Its va])our has amesthetic 
properCies (liobiji, Compt. rend. 18,52, 34, 649; 
Webster, Biochem. J. 1900, 1, 328); it is about 
a quarter as narcotic as chloroform, and not 
very toxic (Miiller, Arch. ex]). Path. Pharm. 
1925, 109, 276). It is slightly soluble in water, 
and miscible with alcohol and ether. It burns 
in air with a green flame, evolving HBr; the 
vapour is decomposed by heat, yielding C 2 H 4 
and HBr, or, if the temperature be higher, C 
is deposited. By the action of Cl, ethylene 
chlorobromide, b.p. 104-108°, and ethylidenc 
chlorobrornide, b.p. 84-5°, are formed, together 
with two isomers of the composition 
CgHjjCIgBr, b.p, 137° and 151°, respectively 
(Lescoeur, Bull. Soc. chim. 1878, [ii], 29, 483). 
At 100° Br reacts to form ethylene dibromide, 
(CHoBr) 2 , but at 200 ° ethylidene dibromide, 
CHg^CHBrg, is the product (Meyer and 
Mulier, Bcr. 1891, 24, 4247; ,1. pr. Chem. 1892, 
[ii], 46, 161). Heated with AIBr'g, it yields suc¬ 
cessively C 2 H 4 Br 2 , C 2 H 2 Br 4 and C 2 Brg 
(Mouneyrat, Compt. rend. 1898, 127, 109). 
With ammonia it gives a mixture of cthylamine 
hydro bromide, with ethylamine and diethylam- 
monium bromide (diethylamine hydrobromide) 
NHEtj-HBr; similarly, with diethylamine 
it gives NEtg-HBr. The addition compound | 
with quinoline, CgH^N'EtBr, has m.p. 80°. It j 
also gives a compound with 1 mol. of hexamine. I 
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The action of Br and P upon alcohol yields 
the following compounds besides EtBr: 
C 2 H 4 Br 2 , b.p. 160°; CgHaBra, b.p. 180°; 
C 2 H 2 Br 4 , b.p. 196-200° (Bertrand and Pinot, 
Bull. 80 c. ehirn. 1880, [ii], 34, 28). 

Dibromoethane, C 2 H 4 Br 2 (ethylene dibro¬ 
mide, see }). 373c). 

Bromoethylene bromide^ tribromoethane, 

CHgBr-CHBra, 

h.p. 186-5° (Wurtz, Annaleii, 1857, 104, 243), 
187-1887721 mm. (Denzel, ibid. 1879, 195, 
202), 191° (Tawidarow, ibid. 1875, 176, 22), 
73711-5 mm., 837 I 8 mm., 187-1887751-5 mm. 
(Anschutz, ibid. 1883, 221, 138); 2-624 

(T., I.C.), 2-620 (Wurtz, }.c.) ; 2-618!). 

<e\ “ 2-6107 (Auschiitz, l.r.). 

j It is prepared from monobromocibylene, 
CH.^-.CHBr, and BPg (Wurtz, l.c.); from 
CHaiCHI and Brg (tSimpson, Phil. Mag. 1857, 
[iv], 14, 544) ; and from ethylene dibrumide and 
BTo at 200° (Taw idarow,/,c.). Jt is decomposed 
by K acetate at 150", or by PbO and HgO, into 
dibromoethyk-ne and HBr. Sodium ethoxide 
yields ethylidene dihromido (dray, d.C.S. 1897, 
72, 1024). Alcoholic KOH gives C 2 H 2 Br 2 , 
CgHg and CH-CBr. When heated with an 
excess of absolute alcohol, C 2 H 5 Br and 
jirobahly bromacc-laJdeliyde, CHgBr-CHO, are 
IbrnuHl (Gloekiu-r, Aiinalen, iSuppl. 7, IIO). 

Th(‘ isomeric eomj)onnd, CHg-CBrg, is not 
known. 

Tetrabromoethanes, C 2 H 2 Br 4 :— 

(1) Acelylidine tetrabroniide, CH 2 Br-CBr 3 ; 
b.j). 200° (deeomp.), 103-5713-5 mm.; d^]'^ 
2-9292, d:^\^ 2-0216 (Anschutz, Annalen, 1883, 
221, 140). Pormed from a^-dibromoethylene, 
CH 2 :CBr 2 , and Brg (Lennox, ibid. 1862, 
122, 124; J.C.S. 1862, 15, 206; Reboul, 
Annalen, 1862, 124, 270); by heating a mixture 
of pyrotartario acid and bromine with water 
to 150° (Bourgoin, Ann. Chim. Phys. 1877, [vj, 
12, 427). 

(2) AceU/lene tefrabromide^ CHBr 2 -CHBr 2 , 
b.p. 137-I37-2736 mm., 114712 mm., 124- 
126715 mm., 151754 mm.; d}'^^ 2-9710, 
d:^\^ 2-9629 (Anschutz, Ber. 1879, 12, 2974; 
Annalen, 1883, 221, 139). 

It is prepared by leading C 2 H 2 into bromine 
covered with water (Reboul, ibid. 1862, 
124, 269; Berthelot, Bull. »Soc. chim. 1866, 
[ii], 5, 97); the crude C 2 H 2 Br 4 is then reduced 
with Zn dust and alcohol to C 2 H 2 Br 2 , when 
the admixed CgHyBPg is converted into 
CgHoBr; the CgHgBrg is then jmrilied by 
distillation and treated with bromine (Anschutz, 
Annalen, 1883, 221, 139); by the action of 
BTg and AIBr, upon C 2 H 4 Br 2 at 105-110° 
(Mouneyrat, Biili. Soc. chim. 1898, [iii], 19, 498). 
It is a liquid smelling of camphor and chloro¬ 
form; it decomposes at 190° into HBr, Bfj 
and CHBr.-CBrg. Alcoholic potash produces 
CgHg and CH-CBr. CI 2 gives C 2 C) 4 Br 2 
(Bourgoin, ibid. 1875, [ii], 23, 4); when heated 
with BPg and HgO to 180° it yields C 2 Br 4 and 
CgBPg (Anschutz, l.c.). Heated with aniline, 
dimethylaniline or alcoholic NHg, it forms 
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CHBrrCBpj. With C^Hg and AICI3, anthra¬ 
cene is produced. 

Pentabromoethane, C H Br^C BPg, ra.p. 50- 
5T (Bourgoin, Bull. Soc. chim. 1875, [ii], 23, 
173), 54° (Denzel, Ber. 1870, 12, 2208), 48-50° 
(Reboul, Annalen, 1802, 124, 208); has b.p. 
210°/300 mm. with decomposition (Denzel, /.c.). 
Prepared from CHBrjCBrj (Elbs and New- 
mann, J. pr. Chern. 1898, [ii], 58, 254; J..ennox, 
Annalen, 1862, 122, 125) or CHiCBr (Reboul, 
l.c,) and bromine; by slow atmospheric oxida- 
dion of CHBr:CBr 2 (Domole, Bull. Soc. chim. 
1880, [ii], 34, 204); from and Br^ 

at 165° (Bourgoin, l.c.). It forms prismatic 
needles soluble in alcohol and ether. 

Hexabromoethane, CgBr^, see Carbon Tri¬ 
bromide (Vol. IJ, p. 230). 

Ethyl carbonate, CO(OEt) 2 , b.p. 127°, 
dll (Perkin, J.C.S. 1894, 65, 421); l),v 

dropping chloroformic ester into a dilute alco¬ 
holic solution of NaOEt (Schreiner, J. pr. Chem. 
1880, [ii], 22, 353); by boiling KCN with chloro¬ 
formic ester in absolute alcohol: yield 50% 
(Drushel and Knapp, Amor. J. Sci. 1915, 40, 
509). It reacts with Crignard reagents thus : 
RMgX+CO(OEt)2 

->R COOEtf Mg(OEt)X. 

Ethyl orthocarbonate, C(OEt) 4 , b.p. 158- 
159°, 68°/28 mm., d 0-92; by the action of 
chloropierin on alcoholic NaOEt (Bassett, 
Annalen, 1864, 132, 56; Rose, ibid. 1880, 205, 
250); an alcoholic solution of NaOEt is run 
into an alcoholic solution of chloropierin, which 
must be warmed to start the reaction. An 
aromatic-smelling liquid; heated with NH 4 *OH 
gives guanidine (Hofmann, ibid. 1866, 139, 114). 

Ethyl chloride, EtCI, chlorhydric or 
hydrochloric ether, m.p. —142-5° (Schneider, Z. 
physikal. Chem. 1897, 22, 233); b.p. 12-5° 
(Regnault, Jahresber. 1863, 70); crit. temp. 
187-2°, crit. press. 51-7 atm. (Berthoud, 
J. Chim. phys. 1917, 15, 14); d® 0-9214, 
d® 0-9176, 0-851/b,p. (Ramsay, J.C.S. 1879, 35, 
470) {see Robiquet and Colin, Ann. Chim. Phys. 
1816, [ii], 1, 348 ; Kuhlman, Annalen, 1840, 33, 

108). For its vapour pressure between — 30° and 
100°, sec Henning (J.S.C.I. 1920, 39, IT). 

It is known as far back as 1500, and its pre¬ 
paration was described by Glauber in 1648. It 
has been prepared from alcohol by the ac-tion 
of S 2 CI 2 or metallic chlorides (Rouelle, 1759); 
from alcohol and HCI (Basse, 1801); from 
CgHg and Clg (Darling, Annalen, 1869, 150, 
216); from ether and HCI in sealed tubes 
(Berthelot). Its composition was first ascer¬ 
tained by Robiquet and Colin {l.c.). 

The action of HCI upon alcohol gives a very 
poor yield of EtCI, except in the presence of 
ZnClg (Groves. J.C.S. 1874, 27, 636). Kruger 
(J. pr. Chem. 1876, [ii], 14, 193) recommends 
that a mixture of 1 part of ZnCL in 82 parts of 
alcohol should be saturated with HCI gas in 
the cold, and the mixture distilled in a current 
of HCI in a reflux apparatus, the EtCI being 
collected in a well-cooled receiver. The for¬ 
mation of EtCI in this process is due partly to 1 
the action of HCI upon the alcohol, and partly 
to the union of the nascent CgH^ with HCI 1 
(Schorlemmor, J.C.S. 1875, 29, 308); this view : 


is supported by the fact that if amyl alcohol 
be thus treated, both primary and secondary 
amyl chloride are produced, and the latter can 
be formed only from the radical CgH^Q. Ethyl 
chloride can be readily prepared from alcohol, 
(-one. aqueous HCI and ZnCl 2 (Norris and 
Taylor, J. Amer. Chem. Soc. 1924, 753). 

Ethyl chloride is also formed by the action 
of PCI 5 upon alcohol, and to some extent by 
the action of Cl upon alcohol : hence the for¬ 
mation of EtCI in the manufacture of chloral. 
Jt can be obtained by the combination of CgH^ 
and HCI in the presence of AlClg at 130-170° 
(Bcrl and Bitter, Ber. 1924, 57, [B], 95). It may 
be manufactured by the interaction of C 2 H 4 
(or gases containing C 2 H 4 ) with HCI gas in 
the presence of SO,, the chloride of ethyl- 
sulphurous acid being mrrned as an intermediate ; 
charcoal, bauxite, etc., may be used as catalysts, 
and the reatition can be carried out under 
pr(‘ssurc (B.P. 216368, 1923); from CgHg and 
CIg at 300 350°, removal of HCI with HgO 
and C 2 H 5 CI by refrigeration (Lacy, IT.S.P. 
1242208, 1917) ; from gaseous HCI and 

alcohol vapour in the presence of a fused catalyst, 
e.(j. ZnClg, ke])t at a temperature sufficient to 
drive off’ the. HgO formed: yield 80-85% 
(Backhaus, U.S.P. 1509463, i924). Other 

patents for its preparation are E.S.P. 1470656 
1923; 1478498, 1923; B.P. 229298, 1924; 

235521, 1924; G.P. 441747, 1924; U.S.P. 
1944839, 1934; B.P. 448269, 1934. 

Jt is a colourless, mobile liquid, with a pun¬ 
gent, ethereal smell and a sweetish taste. It is 
inflammable, and burns with a green-edged 
flame, evolving HCI. Its flash point is below 
— 18°; the limits of composition of explosive 
mixtures with air are ; lower 3-6%, upper 11-2%, 
when ignition is by electric spark ; the optimum 
is 7 - 0 % ; w hen flame ignition is used, the limits 
are 6-4% and 11-2% (Deiss, Z. Elektrochem. 
1923, 29, 586). It is sparingly soluble in water 
(1 part in 3,000), but is completely miscible with 
alcohol and ether. It dissolves phosphorus, 
sulphur, fats, t)i]s and many resins. It combines 
with metallic chlorides, e.g. SbClg and FeClg, to 
Ibrm crystalline compounds. 

It is used for ethylation in the manufacture 
of dyestuff’s and drugs, and in surgery as a 
general anrosthetie, and also as a local anaesthetic 
by its refrigerant action. For its pharmacology, 
see Embley, Proc. Roy. Soc. 1906, B, 78, 391. 
It is used as a refrigerating agent, sometimes 
j mixed with methyl chloride—it is non- 
poisonous, but has the drawback of inflamma¬ 
bility. It has been used for the sterilisation of 
bacterial cultures and the purification of vaccines 
{see Berthelot, Gompt. rend. Soc. Biol. 1914, 
76, 29). For a full discussion of the technical 
applications of ethyl chloride, see Henning, 
J.S.C.I. 1920, 39, IT). For its detection and 
estimation in perfumes, see Sudendorf and 
Penndoif, Pharm. Zentr. 1927, 68 , 226; in 
chloroform, see Newcomb, Analyst, 1926, 51, 
19. For a review of the chemical history, uses 
and pj-eparation of ethyl chloride, and a con¬ 
sideration of the impurities arising from the 
matejfials used, also its purification, properties, 
storj^ge and containers, and a discussion of the 
impurities which may develop in it, ^ee Basker- 
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ville and Hamor, Ind. P:ng. Chcm. 1913, 5, 
828. It 18 usually stored and sold under 
pressure in glass vessels fitted with trigger- 
controlled spray-nozzles; “ chloryl ” and 

“ kelene ” are trade names ; “ anestile ” is a mix¬ 
ture of ethyl and methyl chlorides; “ somno- 
form ” is a mixture of the two chlorides with 
EtBr. As already stated, it is used as a general 
ansfisthetic, producing rapid loss of conscious¬ 
ness, with a quick recovery and slight after¬ 
effects; it is less dangerous than (ddoroform, 
but is inflammable. It has a slightly stimu¬ 
lating effc(*t on the circulatory and reHj)iratory 
systems. 

It is decomposed at a red-heat into C2H4 and 
HCI; at higher temiieratures carbon separates, 
and CH4, Hg and HCI arc liberated. It is 
completely decomposed into C2H4 and HCI af 
.500'^, and this is used as a basis for analysis 
(llorl and Bitter, /.r.). Boiling cone. HNO 3 
liberates HCI and forma EtNOg in small 
yield. SO3 absorbs it, giving a fuming licjuid, 
b.p. 130°, probably a mi.xture of the three 
isomerides EtO-SOgCI, CH2CI CH2 S02'OH 
and CH2(0H)*CH2S02CI (Purgold, Zeit. 
Chem. 1868, 669; Ber. 1873, 6 , 502). When 
the vapour is passed through boiling H2SO4, 
HCI, C2H4 and SOg are evolved. When the 
vapour is led through a tube containing heated 
soda-lime, a mixture of CH4 and Hg is evolved, 
and Na acetate and carbonate are formed (von 
Meyer, Annalcn, 1860, 139, 282), but according 
to Dumas and Stas, C2H4 and NaCI are formetl. 
Ethyl chloride has no action upon AgNOg 
except after long contact; even after some 
months only a very small qunntity of AgCI 
is formed. If heated in a sealed tube, however, 
the action is more rapid. 

NHg has only a alight action at ordinary tem¬ 
peratures, but on heating a mixture of N H3 and 
EtCI, ethylene and a deposit of NH4CI arc 
formed (Dumas and Stas, Ann. Chim. Phys. 
1840, [ii], 78, 154). When an ethereal solution 
of NH3 and EtCI is exposed to sunlight, 
crystals of ethylamine hydrochloride separate. 
When heated with alcoholic NH3 to 100 ° in a 
sealed tube, ethylamine hydrochloride is also 
produced, together with small amounts of di- 
ethylamine hydrochloride and tetraethylam- 
monium chloride (Groves, J.C. 8 . 1861, 18, 331). 
Aqueous KOH slowly removes Cl from EtCI, 
yielding alcohol and KCI ; alcoholic KOH and 
EtCI at 100° give KCI and ether (Balard, 
Ann, Chim. Phys. 1844, [iii], 12, 302). Passed 
into a heated solution of KjS, some ethyl sul¬ 
phide is formed; with alcoholic KHS, some 
mercaptan is obtained. 

Chlorine in sunlight yields di-, tri-, tetra-, 
penta- and hexa-chloro-deriA^atives of ethane 
(Regnault, Ann. Chim. 1838, | iij, 69, 162); of the 
dichloro-products, CH3-CHCI2 is the main one. 
If, however, ethyl chloride is heated with CIg 
and a chlorine carrier, CHgCI-CHgCI is the 
chief product (D’Ahns and Kautzsch, J. pr. 
Chem. 1909, [ii], 80, 305; Staedel, ibid. .303; 
Ber. 1873, 6, 1403; Meyer and Muller, J. pr. 
Chem. 1892, [ii], 46, 161). 

Heated with bromine and iron wire at 100 °, 
ethyl and ethylene bromides are formed (Meyer 
and Petrenko-Kritschenko, Ber. 1892, 26, 3307), 
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TrICHLOKOKTHANES, C 2 H 3 CI 3 . 

(1) aaj 8 -Trichloroethane v . Acetylbnb, 
Chlorine Derivatives of (Vol. T, p. 98). 

(2) Ethenyl trichloride, CH 3 CCI 3 , b.p. 

7.5° (Geuther, Jahresber. 1870, 435); 74-r/760 
mm. (Staedel, l.c.)\ dj 1-3465 (Pierre, Annalen, 
1851, 80, 127); 1-372 (Regnault, ibid.^ 

1840,33, 317) ; 1-3246 (Perkin, J.C.S. 1884,’ 

45, ,531); dl 1-3657, 1-3249, 1-4199 

(Kanonnikow, J. Kuss. Phys. Chem. Soc. 
1902, 34, 575) ; by the chlorination of ethyl 
chloride (Regnault, lx.). It is docompoBod 
hy sodium ethoxide to give CH 2 :CCI-OEt and 
CH 3 C(OEt) 3 . 

TeTRACULOROETUANES, C 2 H 2 CI 4 . 

( 1 ) os-Tetrachloroethane, CHoCI-CCIg; 

b.p. ca. 135° (Regnault, Ann. Chim. Phys. 1838, 
[ii], 69, 162), 138-6° (Pierre, /.r.), 135-i° (corr.) 
(Geulher and Brockhoff, J. pr. Chem. 1873, [ii], 
7, 113); d'l 1-6116 (P.), d.^l 1-576 (R.), 1-5825, 

1-5424 ; wa at 1-4772-0-00043715 (Kanon¬ 
nikow, I.C.). Formed hy chlorination of ethyl 
chloride (Laurent, Annalcn, 1837, 22, 292); 
or of CHoCI-CHClg (Regnault); by heating 
acetylene tetrachloride and AICI 3 at 110° 
(Mouncyrat, Bull. So(‘. ehim. 1898, [iii], 19, 
499). It is decomposed by sodium cthoxido 
into CHCbCCI-OEt and CH 2 ( 0 Et)(C 02 Na). 

(2) s-Tetrachloroethane v . Acetylene, 
Chlorine Derivatives of (Vol. I, p. 98). 

Pentachloroethane,CHClg'CClg.m.p. -18°, 
b.p. 159-1° (corr.) (Thorpe, J.C.S. 1880, 37, 192), 
-22° (llerz and Rathmann, Chern.-Ztg. 1913, 
37, 621); 161-7°/760 mm. (Staedel, Ber. 1882, 
15, 2563); c/'j 1-7089, 1-6926 (Thorpe, i.c.), 

7!?^^ 1-4871. By the action of Cl upon CgHgCI, 
and from chloral and PCI 3 (Paternb, Annalen, 
1869, 151, 117) or AICI 3 (Mouncyrat, BuU. Soc. 
chim. 1898, [iii], 19, 260); mixed with CXIg, 
by action of Clg on C 2 H 2 CI 4 in ultra-violet light 
(G.P. 248982, 1911), It occurs as a by-product 
in most ethane chlorinations. Hydrogenation 
with Ni at 270° gives CHCI:CCl 2 and HCI ; 
NiCl 2 at 330° gives CCl 2 :CCl 2 (Mailhe and 
Sabrou, Bull. Soc. chim. 1930, [iv], 47, 349 ; see 
also Acetylene, Chlorine Derivatives of 
(Vol. I, pp. 97, 104). 

Hexachloroethane, CClg-CCIg, v . Acety¬ 
lene, Chlorine Derivatives of (Vol. I, pp. 97, 
105); and Carbon, Compounds of (Vol. II, 
p. 323). 

Many mixed halogen derivatives of ethane 
have been described. 

Ethyl isocyanate, ethyl carbimide, EtNCO, 
b.p. 60°, 0-8981 ; mol. heat of combustion 

424*5 kg.-cal. (l^moult, Compt. rend. 1898, 
126, 43) ; absorption spectrum (Hartley, 

Dobbie and Walker, J.C.S. 1901, 79, 856). 
By the action of dry KCNO upon KEtS 04 
at 180-250° ; the distillate is a mixture of iso¬ 
cyanate and isocyanurate, which can t^asiW be 
separated by distillation (Wurtz, Ann. Chim. 
Phys. 1854, [iii], 42, 43) ; by adding powdered 
NaOEt to CNBr in ether (Ponomarew, Ber. 
1882,15, 515 ; Mulder, Rec, trav. chim. 1882,1, 



360 


ETHYL. 


2J0 ; 1883,2, 133) ; by passing? CNBr (Mulder, 
ibid, 1884, 3, 300) or CNCI (Cloez, Compt. rend. 
1857, 44, 428 ; Annalen, 1857, 102, 355) into 
EtONa in absolute alcohol ; by the action of 
diazomethane upon .yym-ethylnitrourea (Degner 
and Pechmann, Ber. 1897, 30, 653); by heating 
the HgClg derivative of ethyl thiolcarbamate 
(Anschutz, Annalen, 1908, 359, 202 ); may be 
prepared in 95% yield by the action of Et 2 S 04 
upon KCNO and NagCOg (Slotta and Lorenz, 
Ber. 1925, 58, [Bj, 1320). 

In 1895 Nef (Annalen, 1895, 287, 310) showed 
that the comj)onnd liithc'rto known as ethyl 
cyanate was eth^d /.socyanato. It is a mobile 
liquid with a suffocating smell ; decomposed by 
water into diethylurea, and by ammonia into 
ethyiurea. 

Ethyl cyanide, propionitrile, EtCN;m.p. 
-103*5° (Schneider, Z. physikal. Clicm. 1897, 
22, 233); b.p. 98*1° ((nrr.) (Engler, Annalen, 
1865, 138, 153); 97*08° (eorr.), dj 0*8010, 

0-7938 (Thorpp, J.C.S. 1880, 37. 200 ); 
d” 0-7015 (Schiff, Ber, 1886, 19, .507); heal ot 
combustion 446*7 kg.-cal. (Bcrthelot and Petit, 
Compt. rend. 1899, 108, 1217); crit. temp. 
291*2°, crit. density 0*2401 (Tcr-Gazarian, J. 
Chim. phys. 1906, 4, 140). 

From (Et 0 *S 03 ) 2 Ba and KCN (Pelouzc, 
Annalen, 1834, 10, 249); from CNCl and 
ZnEtg (Gal, Compt. rend. 1868, 66, 48) or 
from (CN )2 and Zn Etg (Frankland and Graham, 
J.C.S. 1880, 37, 740); from propionamidc, by 
dehydration with P 2 O 5 (Dumos, Malaguti and 
Leblanc, J. Pharm. 1848, [iii], 40, 296) ; by 
heating ethyl isocyanidc to 240° (Ncf, Annalen, 
1894, 280, 296). 

Preparation .—By heating EtI with pure KCN 
and alcohol to 180°. From KCN and diethyl 
sulphate in 90% yield, or from KCN and 
potassium ethyl sulphate in 75% yield (Auger, 
Compt. rend. 1907, 145, 1287). In 86 % yield 
by passing NHg and n-propyl alcohol over 
heated reduced Cu at 300-350° (Kara and 
Komatsu, Mem. Coll. Sci. Kyoto, 1925, 8 A, 
241). 

It is a molnle, colourless liquid with a pleasant 
odour; it is soluble in water, but can be salted 
out by NaCl or CaCl 2 ; miscibility with water, 
see Bothmund (Z. physikal. Chem. 1898, 26, 
453). Propionitrile is hydrolysed by acids or 
alkalis to yield propionic acid; electrolytic 
reduction yields w-j)ropylamino (Ahrens, Z. 
Elcktrochcm. 1896, 3, 99). It combines with 
hydracids, e.g. HCI; the product EtCN*HCI 
forms nioiioclinie prisms soluble in water and 
melting at 121° (Gautier, Ann. Cihim. Phys. 
1869, [iv], 17, 180). HCI gas passed into a well- 
cooled solution of the cyanide in acetic acid gives 
acetyl chloride and EtCONHg.HCI (Colson, 
Bull. Soc. chim. 1897, [iii], 17, 57). With 
chlorine it yields jS-dichloropropionitrile, 

CH 3 CCI 2 CN, 

a liquid of b.p. 103-107°, which polymerises 
on standing to a solid (C 3 H 3 Cl 2 N) 3 . With 
metallic Na polymerisation occurs, the pro¬ 
ducts being NaCN, CgHg and a-iminopro- 
pionylothyl cyanide (Moyer, J. pr. Chom. 1888, 
[ii], 38, 326; 45, 03). Propionitrile also forms 


compounds with metallic chlorides and with 
cyanogen cliloride: EtCN'CNCI is a liquid 
decomposed by water, b.p. 60—68° (Henke, 
Aiinalen, 1858,106, 280). For compounds with 
AICI3, see I^crricr (Compt. rend. 1895, 120, 
1423). 

Ethyl /socyanide, ethyl carbylamine, 
EtNiC, b.p. 79°, 0*759,#^*® 0*7150 (Gautier, 

Aim. Chim. Phys. 1809, [iv], 17, 233); mol. 
refraction 16*2(> (Costa, Gazzeita, 1892, 22, 
i, 104). It is 7 ircj)arcd by the interaction of 
EtI and AgCN (Gautier,?.c.); by distilling KCN 
with KEtSO^, propionitrile being also formed ; 
l)y the acLoii of chloroform and alcoholi(^ potash 
upon ethylamine (Hofmann, Annalen, lsr>8, 147, 
107). 

It is a colourless liquid with a very rcpidsivo 
smell. It is converted into iiropionitrile at 
240'\ Heating witli alcoholic; HgS yields ethyl 
thioformamidc, EtNH-CSH; with S and CSg 
it gives ethylthiocarlnrnide; it combines with 
CNCl. With EtOCI at —10° it produces 
EtNCI-OEt (Ncf, ibid. 1894, 280, 296). HgO 
oxidises it to ethyl 'j'-socyanate, EtN*.C:0. It 
forms a chloride*, EtNrCCIj, by treatment with 
SO 2 CI 2 in ether at - 15°; this is an oil, b.p. 
102 ° (]Nc‘f, l.c .); with bromine in chloroform it 
yields a bromide, EtNtCBPg. ^fhis gives ethyl 
z^ocyanide di bromide hydrobroinide, and ethyl- 
ihiocarbimide with HgS, ethyl wocyanide di- 
bromido hydrochloride with dry HCI, an oily 
ethiodido with ethyl iodide, and diphenyl- 
cthyl-guanidino with aniline (Guillemard, Bull. 
Soc. chim. 1904, [iii], 31, 605; 1905, [iii], 33, 
652). For compounds with cobaltous, ferrous 
and ferric chlorides, sv,e Hofmann and Bngge, 
Ber. 1907, 40, 3759. For further reactions, see 
Nef (^.c.). 

Ethyl Derivatives of Cyanuric Acid.— 
Although cyanuric acid exists in one inodili- 
cation only, probably the zso-form (Tl), esters 
derived from both tautomeric forms (I and 11) 
are known. 

N NH 

HO*c5^ C*0H 0:C^ "C:0 

II I II 

N N HN NH 

"C*OH C^O 

Normal iso- 

I. II. 

Pthyl cyanuratd, (EtOCN).,, m.p. 29°, b.p. 
275° (Claesson, ,1. 7 »r. (Iiem. 1886, |iil, 33, 131). 
It is prepared by the a(;tion of CNCl iq)on 
EtONa; from EtONa (3 mol.) and tri¬ 
methyl cyanurate (Hofmann, Ber. 1886, 19, 
2061); from CNI or CNBr, and EtI 
(Ponomarew, Bull. Boc. chim. 1884, [ii], 41, 
315); by heating the Pb salt of the diethyl ester 
{idem, ibid.) ; together with ethyl z^ocyanurate 
by treating Ag cyanurate with EtI (Claesson, 
l.c. ; Ponomarew, l.c.); from dipotassium 
cyanurate and EtI (Ponomarew, l.c.). 

It is an oily liquid, readily soluble in alcohol, 
ether, CHClg and CSg, hut sparingly soluble 
in water. It is converted into ethyl tsocyanurato 
by long heating at 180-200°; it yields cyanuric 
acid with HCI, cyanuric chloride with PCIg, 
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melamine with strong ammonia, and the diethyl 
ester with baryta water. 

Diethyl cyanurate^ dicthylcyamiric acidy 

HO(CN)3(OEt)2, 

(Ponomarew, Ber. 1885, 18, 32()7; Hofmann, 
ibid. 1880, 19, 2077). Prepared by warming 
ethyl cyanuratc with ceme. baryta water, and by 
treating methyl cyan m ate or monopotassinm 
cyannrate with Et I. 

It crystallises in thick plates from water; it 
is insoluble in ether, an<l sparingly soluble in 
alcohol. Jt is decomposed })y heat into diethyl 
i.socyanurate, and yields eyaniiri(‘. acid when 
warmed with HCI. The Pb salt with EtI 
yields triethyl cyannraOs but if the EtI con¬ 
tains free I, triothyl i> 0 (‘yanurato is also fornual. 

PJthyl iaocyanuratc, tricthylcarbimidCy 

(EtNCO)3, 

m.p. 05'^, b.p. 27(r; absorption spectrum 
(Hartley, Dobbie and Walkei', d.tbS. 1001, 79, 
840) ; heat of formation (J^emoult, Compt. 
rend. 1807, 125, 800). Prepared by th(‘ })oly- 
merisation of EtNCO (H., J). and W., l.c.); 
from K cyanatc or cyan ura t e, or the Pb salt 
of tlie diethyl ester, and KEtS 04 ; by heating 
ethyl eyanurato to 180-200°; together with 
ethyl cyanuratc, from Ag eyanurato and EtI 
(Habieh and Limiirieht, Annalen, 1859, 109, 
102 ). 

It forms rhombic prisms (Rammolsberg, 
Jahresber. 1857, 273; Fock, Bcr. 1896, 29, 
2076), moderately soluble in hot HgO, readily 
so in alcohol. With KOH it yields EtNHg 
and KgCOg. 

Diethyl i^ocyanuralc., diethylhocyanuric acidy 
H (C 0 ) 3 (N Et) 2 , has m.p. 173°. it is obtained 
in the preparation of the triethyl ester (Ilabich 
and Limpricht, l.c.) ; together with cyanuric acid 
by heating anhydrous monopotassinm eyanurate 
with EtI at 170-180° (Ponomarew, Ber. 1875, 
8 , 3270); by heating dicthyd eyanurate (Hof¬ 
mann, ibid. 1876, 9, 2078). 

It forms hexagonal columns, readily soluble in 
hot water, alcohol and ether, and sparingly 
soluble in cold water. It yields COg and Et N Hg 
by heating in a sealed tube at 100 °. The Pb 
salt and EtI yield ethyl i^ocyanurate. 

Ethyl ether, q . v . 

Ethyl ferrocyanide, Et 4 Fe(CN)fl. From 
Ag 4 Fe(CN)« and EtI (Freund, Ber. 1888, 21, 
935). Rhombic crystals from CHCI 3 , easily 
soluble in water and alcohol, insoluble in ether, 
light petroleum and CSg. The aqueous solu¬ 
tion gives a deep violet tint with FeClg, and a 
white ppt. with HgCIg. Molecular weight 
determination by the cryoscopic method indi¬ 
cates the monomolecular formula (Buchbock, Z. 
physikal. Chem. 1897, 23, 157). It decomposes 
at 212-214° with formation of ethyl kweyanide; 
Hartley (J.C.S. 1911, 99, 1549) considers it to 
be4EtNC+Fe(CN)2. 

Ethyl fluoride, EtF, a colourless gas, 
liquefying at -32° under atmospheric pressure, 
at 19° under 8 atmospheres ; its critical tem¬ 
perature is —102-16°; its critical pressure 49-62 
atm. (Booth and Swinchart, J. Amer. Chem. 
Soo. 1935, 57, 1337). Obtained impure by 
action of CaFg and HgSO^ upon EtOH ' 


(Reinsch, J. pr. Chem. 1840, [i], 19, 314); by 
heating KEtS 04 KF-HF (Fromy, Compt. 
rend. 1854, 38, 393); prepared pure from AgF 
and EtI (Moissan, Ann. Chim. Phys. 1890, [vi], 
19, 272); by action of HF on CgH^in preseneo 
of catalysts (B.P. 406284, 1932). It has an 
ethereal odour and burns in air with a hbie 
flame. Jt is readily soluble in EtBr, EtI, 
EtOH and ether; 100 ('.c. of water dissolve 
198 c.c. of the gas at 14° (Moissan). Jt is decorn- 
po.sed by heating with KOH at 100° into KF, 
EtOH and ether. 

Hexafluoroethane, C^F^, colourless gas, h.p. 
-78-17760 mm., m.p. “-100-5° (Ridf and 
Bretschneider, Z. anorg. Chem. 1933, 210, 173); 
by electrolysis of CF^-COgH solutions (Swarts, 
Bull. Acad. roy. Bclg. 1931, [v], 17, 27; Bull. 
Soc. chirn. Bclg. 1933, 42, 102, 114); by ])assing 
CF 4 through a carbon arc, CgFg mixed with 
CgF^ is obtained (R. and R., l.c.). It is a very 
stable substance, unattacked by NaOH, oonc. 
H.>S 04 or Bi o-ualer; but Na gives NaF and 
C.“ 

Ethyl formate, H-COOEt, b.p. .54-3°/760 
mm., 0-9480, crit. temp. 235-3°, crit. press. 
35,550 mm. (Voinig and Thomas, J.C. 8 . 
1893, 63, 1193); c/f 0-91678 (Bisonlohr, Z. 
physikal. Chem. 1911, 75, 692), 0-9226 

(Lowry, J.C.S. 1914, 105, 92); d^'^^ 0-8731 
(Sehifl', Annalen, 1883, 220, 106). Mol. heat of 
combustion (const, press.), as vapour, 388 kg.- 
cal. (Bcrtholot and Ogior, Ann. (4um. Phys. 1881, 
[v], 23, 207), liquid, 391-7 kg.-cal. (I)clepine, 
Compt. rend. 1900, 130, 1048). 

Preparation .—To 100 c.c. of absolute alcoliol 
in a distilling flask are added 72-4 c.e. of pure cone, 
sulphuric acid, keeping the temperature at 0 °. 
The flask is closed and kept at 0 ° for 24 hours. 
93-2 g. of freshly powdered and dried sodium 
formate are then added in small portions, the 
temperature being maintained as near to 0 ° as 
possible. The mixture is shaken until a stiff 
paste of sodium sulphate and ethyl formate 
results. TIk'. ester is then distilled off from a 
steam bath, the crude ester shaken with an ice- 
cold cone, solution of sodium carbonate, 
separated and dried with two successive 
charges of freshly ignited sodium sulphate and 
redistilled ; b.p. 54-55°, yield 100 g. (Whiteley, 
private coramnnicatioii). It can also be pre- 
I)ared by distilling a mixture of ethyl oxalate 
and oxalic acid (Ldwig, Jahresber. 1861, 
599) ; by heating a mixture of glycerol, 
oxalic acid and alcohol under reflux, and then 
distilling (Lorin, Bull. Soc. chim. 1866, [iij, 5, 
12). It is conveniently prepared by distilling 
46 g. of alcohol into a mixture of 200 g. of 
glycerol, 90 g. anhydrous and 90 g. hydrated 
oxalic acid at 105-110 °; the vapours are passed 
through a reflux at 62° and a still-head at 64-60°. 
The glycerol can bo used for at least three fresh 
charges of alcohol and oxalic acid; yield 80% 
(Bishop, J.S.C.T. 1923, 42, 401T). It may be 
manufactured by passing a current of CgHg into 
a warm mixture of formic acid, alcohol and 
sulphuric acid in the presence of HgS 04 (Cl.P. 
315021). For purification, see Organic Syn¬ 
theses, 1935, 15, 13. 
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It is a mobile, colourless liquid with a pleasant 
aromatic odour; it is decomposed rapidly by 
water. It is used for Havonring arrack and rum. 
Sodium in absolute ether decomposes it, giving 
CO, Ho and EtONa (Freer and Kherman, 
Amer. Ohem. J. 1806, 18, 581). With chlorine 
in sunlight it yields aa-dichlorethyl formatey 
H-COg-CCIa’CHg, a colourless, oily liquid 
decomposed on heating, yields acetic, formic 
and hydrochloric acids with alkalis. Further 
action of CI 2 in sunlight produces percMorethyl 
formate, Cl-COgCaClg, b.p. 200", 1-705 

(Cloez, Ann. Chirn. Phys. 1846, [iiij, 17, 207). 

Etiiylhydkazikes. 

(1) Ethylhydrazine, EtN H NHg, b.p. 00-57 
709 mm., is prepared by reducing nitroso- 
diethylurea, EtN HCON Et-NO, with Zn 
dust and aceti(; acid, which yields diethyl- 
semicar bazide, EtNH CO NEt NH.^, and this 
is decomposed by HCI to form EtNH NH 2 , 
CO2 and EtNHg; passing in HCI causes 
precipitation of EtN 2 H 3 - 2 HCI, which is then 
decomposed by strong KOH solution and 
solid KOH ; the resulting oily liquid is dis¬ 
tilled over BaO (Fischer, Annalen, 1870, 199, 
287); it can also be- obtained by reducing 
ethylnitraminc, EtNH-NOg, with Zn and HCI 
(Thiele and Meyer, Ber. 1806, 29, 963). 

It is a colourless liquid with a faintly am- 
moniacal odour. It is soluble in water, for 
which it has a great affinity; it is also soluble 
in alcohol, ether, chloroform and benzene. It 
fumes in air and destroys cork and rubber. 
It reduces Fehling’s solution in the cold, and is 
oxidised by Brg-water with evolution of Ng. 
It gives the i.sonitrile reaction with KOH and 
CHCI3. It is basic, precipitating metallic 
oxides and forming salts, it gives two chlorides : 
( 1 ) CaHgNg ^HCI, white needles very soluble in 
water and alcohol, which when heated at 110 ° 
yields ( 2 ) CaHgNg-HCI, an amorphous, horny 
deliquescent substance. The sulphate crystallises 
from alchol in thin plates, and is very soluble in 
water. By heating ethylhydrazine with KgSgOj 
at 80-100°, potassium ethythydrazinesulphoncUe, 
EtNH-NH-SOjK, is obtained; this forms fine 
needles, very soluble in water, much less soluble 
in alcohol or ether (Fischer, l.c.). 

( 2 ) os-DlethylhydrazIne, EtgN NHg, b.p. 
96-99°. It is prepared by reducing diethyl- 
nitrosamine, EtjN-NO, with Zn dust and 
acetic acid ; 30 g. of the nitroso-compound, 
dissolved in 300 g. of water, are mixed with 
150 g. of Zn dust and 150 g, of 50% acetic acid ; 
the temperature is kept at 20 -30° and, towards 
the end, at 40-50°. Excess of Zn is then dis¬ 
solved by the addition of HCI, excess of NaOH 
is added, and the mixture is distilled; the 
distillate is neutralised with HCI and the 
NH 4 CI separated by crystallisation; from the 
mother liquor, a mixture of diethylhydrazine and 
diethylamine is set free by solid KOH. The 
former is converted by the action of HCNO into 
a^-diethylsemicarbazide, NHg-CO-NH-NEtg; 
4 g, of this compound are heated with 16 g. of 
cone. HCI in a sealed tube at 100 °, the product 
diluted somewhat and the NH 4 CI filtered off; 
treatment of the filtrate with KOH liberates 


pure EtjjN-NHa (Fischer, Annalen, 1879, 199, 
308). 

It is a colourless liquid with a faintly am- 
moniacal smell, very hygroscopic, and soluble in 
water, alcohol, ether, chloroform and benzene. 
It reduces Fehling’s solution only on warming. 
It is inonobasi(\ but the salts are soluble in 
water and alcohol, and difficult to crystallise; 
(Et 2 N NH 3 ) 2 PtCl 6 forms fine yellow needles, 
soluble in water. With SOCI 2 in ice-cold 
other it yields EtgN-NSO, an oil of b.p. 
73°/20 mm., slowly hydrolysed by water 
(Michaclis and StorbeV-k, Ber. 1893, 26, 310). 

(3) sym-Diethylhydrazine, EtNH-NHEt, 
b.p. 84-867758 mm. It is formed by heating 

1 part of .sym-diethyldiformylhydrazidc with 

2 parts of fuming HCI at 100 ° for 3 hours. 
Heated with cone. HCI at 155°, it yields 
NH4CI and EtCI. With yellow HgO it forms 
HgEtg; with HNOg it gives ethyl nitrite. 
I'he hydrochloride has m.p. 160° (decomp.) 
(Harries, Bor. 1894, 27, 2279). 

Triethylhydrazonium iodide, 
[H2NNEt3]l, 

is formed by the interaction oftttS-diethyUiydrazine 
and 1 ^ times its weight of ethyl iodide (Fischer, 
Annalen, 1879, 199, 316). It forms needles very 
soluble in water and hot alcohol; it is insoluble 
in ether and strong alkalis. AggO gives the 
strongly alkaline free base, which on distil¬ 
lation yields EtgN-NHg, C 2 H 4 and HgO. 
The iodide is reduced by Zn and H2SO4 to 
NEtg, NHgand HI. 

Tetraethyltetrazone, EtgN-N-.N-N Etg, 

is formed by the action of yellow HgO upon a 
cold a([ueou 8 solution of EtgN-NHg (Fischer, 
Annalen, 1879, 199, 319). It is an oily liquid 
with a disagreeable smell, not volatile without 
decomposition, and not solid at —20°. Wheii 
heated, it decomposes to give cthylamine and 
Ng. It forms an oily, explosive compound 
with iodine. It reduces silver solutions with 
the formation of a mirror. Its solution decom¬ 
poses on heating, yielding diethylamine, alde¬ 
hyde and Ng. It is a strong base, but its salts 
are very unstable. The Pt double salt, 
(Et 4 N 4 H 2 )PtCl 6 , forms yellow prisms soluble 
in water. 

Ethylhydiioxylamines. 

a-Ethylhydroxylamine, EtO-NHa, b.p. 
68 °, 0-8827 (Giirke, Annalen, 1880, 205, 

277); prepared by the action of HCI upon 
ethylbenzoylliydroxylamino ethyl ether, or upon 
the ethyl ether of benzaldoxime, PhCH:N-OEt 
(Lossen and Zanni, ibid. 1876, 182, 223). 

It is a strongly smelling inflammable liquid, 
miscible with water, alcohol and ether; it gives 
with AgNOg a white precipitate which, on 
heating, is reduced to metallic silver. It forms 
salts with acids, e.y. EtO-NHg’HCI, scaly 
plates, m.p. 128°, decomposed by heating with 
HCI at 160° into ethyl chloride, hydroxylamine, 
HCI and NH4CI ; unites with PtCl4 to form 
(EtO*NH3)2PtClg, prismatic crystals soluble 
in water and in absolute alcohol (Lossen and 
Zanni, lx.). The sulphate, Et 0 -NH 2 ‘H 2 S 04 , 
crystallises with difficulty, and is soluble in 
water and alcohol. 
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/3-Ethylhydroxylamine, EtNH*OH, m.p. 

59-60° (decomp.); 0*9079. Formed by 

heating jS-ethyl-a-benzylhydroxylamine with 
cone. HCI for 8 hours at 14(F (Behrcmi and 
Leuchs, Annalen, 1890, 257, 239); from 

hydroxylamine and ethyl iodide (Lobry de 
Bruyn, Rer. trav. chirn. 1894, 13, 48; Hantzsch 
and HilJand, Bcr. 1898, 31, 20()6; Diinstan and 
Golding, J.C.S. 1899, 75, 807); by heating 1 
part of m-nitrobenzaldoxime-N-ethyl ether with 
7 parts of cone. HCI (Kjellin, Her. 1893, 26, 
2378); by electrolytic reduction of nitroethane 
in HaS 04 solution at 15-20"' (Pierron, Bull. 8 oo. 
chim. 1899, [iii], 21, 784). 

It is very easily soluble in water or alcohol, 
less so in ether, benzene or cold light petroleum. 
It reduces Fehling’s solutioru and is reduced by 
H I to ethylamine. 

)S/9*Diethylhydroxylamine, Etj,N OH, b.p. 
130 -134"' (decom]).), 0-8771 (I)unstan and 

Golding, J.C.S. 1899, 75, 807); b.p. 47-49"*/ 
15 mm. (Lachmann, Ber. 1900, 33, 1022). It 
is formed by the action of ethyl iodide upon 
NHaOH, and also from EtgNH and HgOg (D. 
and G.,, ibid. 800) ; by the decomposition of the 
addition product of dijdieiiylnitrosamine, 
(CgH 5 ). 2 N-NO, and ZnEt 2 with water, together 
with diphenylamine and Zn(OH)., (Lachmann, 
I.C.). ^ 

It is a feebly basic oil, soluble in water, 
ahrohol and ether. It reduces AgNOg ami 
HgClg in the cold, and CUSO 4 on heating. It 
is reduced by HI to NHEtg. 

a^-Diethyl hydroxylamine, EtN H-OEt, 
b.p. 83'^ 0*829. it is formed by the inter¬ 

action of a-ethylhydroxylamine and EtBr. 
It is a syrup easily soluble in water, alcohol 
and ether. Heated wdth cone. HCI at 200 °, it 
yields NHgEt and EtCI (Lossen, Annalen, 
1889, 252, 230). It has strong basic properties. 

The salts are more soluble in water than tho.se 
of hydroxylamine. The hydrochloride, 

C 4 H 11 NOHCI, 

of an isomeric compound is obtained by the 
action of Sn and HCI upon ethyl nitrate (Lossen, 
ibid. 1868, 8 uppl. 6, 238). 

Triethyloxamine, EtjNO, is a colourless, 
crystalline mass obtained from ^^-diethyl- 
hydroxylamine and ethyl iodide, or from N Etg 
and HgOg (Dunstan and Golding, J.C.S. 1899, 
75, 802; Lachman, Ber. 1900, 33, 1028). It 
is very easily soluble in water, less so in CHCI 3 , 
and insoluble in ether. It decomposes on heat¬ 
ing ; it reduces Fehling’s solution on heating. 
It gives a precipitate with CUSO 4 and AgNOg; 
on reduction, it yields triethylaraine. 

Ethyl Hydride. 

Ethane, Dimethyl, CH 3 *CHg, (Frank- 
land and Kolbe, J.C.S. 1849, 1 , 60); m.p. 
-171*4°, b.p. -85*4°/749 mm. (Ladenburg 
and Kriigel, Ber. 1899, 32, 1821); m.p. 
-172*4°, b.p. -84*1° (Cardoso and Bell, J. 
Chim. phys. 1912, 10, 497); b.p. -88*5° (Maass 
and McIntosh, J. Amer. Chem. Soc. 1914, 36, 
737). The gas has sp.gr. (air=l) 1*036; it is 
condensed at 4° and 46 atmospheres pressure 
(Cailletet, Jahrosber. 1877, 68 ); Tc 305*2°, 


Pc4^8*8atm., dc0*21 g./<‘.c. (Pickering, J. Physical 
Chem. 1924, 28, 97); density at b.p. —0*5490 
(Maass and McIntosh, he.) ; vapour pressure p 
given by 

(780-24/7’) I 4-2563 

- 0-0001037’- 9-3 X 10-10(7’ -238)*, 

from 0*0245 to 2*1441 atm. {T- ahs. temp.); 
from this, b.p. calc. 184-46° T (Loomis 
and Walters, .1. Amor. (3iem. Soc. 1926, 48, 
2051); Cx, 9-04-f 0-01837’(0-1(KP) (Dixon, Camp¬ 
bell and Parker, Proc. Roy. Soc. 1921, A, 100, 
1 ); solubility in water at is 

9-455()-0-35324/ +0-006278<2 
J 00 

acconling to Schickendants (Annalen, 1859, 
109, 116) or 0-0871 -0-0033242/+0-0000603/*, 
Bim.sen, “ Gasometry," 1857, p. J50 ; solubility 
in alcohol is 1-5 (Bcrthclot, .lahresber. 1867, 
344); heat of combustion at const, press. —373-3 
kg.-cal.; heat of formation (from amorphous C) 

11-7 cals. (lierth(‘lot, Ann. (’him. Phys. 1893, 
|vi|, 30. 559). 

The gas occurs in (Tude petroleum, and is 
obtained in large* (piantitics from the oil-fields. 
Pittsburg natural gas consists of ethane mixed 
with a little CH 4 and COg, and is used tor smelt¬ 
ing and lighting purpost-s. 

Ethane is ])ie]mred by the action of K upon 
EtCN, or of HgO u))on ZnEtg (Frankland and 
Kolbe, J.C’.S, 1851, 3. 338) ; by electrolysis of 
atactic acid and acetates (Kolbe, Annalen, 1849, 
69, 279) ; a yield of u}) to 95% can be obtained 
l)y ek'ctrolysis of an alkali acetate; in methyl 
aieohol with a polished Pt eled-rode and a high 
current density (Salauze, C\)m])t. niiid. 1925, 180, 
6 () 2 ); by the action of nascent H (from Zn/Cu 
couple or Zn dust) upon a mixture of EtI and 
EtOH (Sabanejelf, Ber. 1876,9, 810); by heating 
9 i)artH of Et I with 2*6 parts of AlClg to 140~15()‘' 
(Kobnlein, Ber. 1883, 16, 562); by combining 
C 2 H 4 or CgHg with Hg in presence of reduced 
Ni (Sabatit‘ 1 - and Scndcrens, (’ompt. rend. 1897, 
124, 1360 ; 1899, 128, 1173); it can he produced 
on an industrial sc ale by means of this reaction 
carried out under pressure (,vee Sprent, J.S.C.I. 
1913, 32, 171); by the catalytic decomposition 
of ethyl alcohol at 350~5()0° with SiOg-gel 
(Boomer and Morris, Canad. J. Res. 1930, 2, 
384); from CH 4 at 600° in the presence of a 
catalyst, e.g. Ni, CO, Cu or Zn (Dreyfus, B.P. 
399526, 1932). The pure gas is prepared by 
fractional distillation of the li(pnd ; it is analysed 
in this way (MacGillivray, J.C.S. 1932, 941). 
Reduced Ni at 325° yields C and CH 4 ; heated 
alone above 500° it gives ethylene (Haynes and 
Curme, U.S.P. 1460545, 1923). For its crack¬ 
ing, see Williams-Gardner, Fuel in Beience and 
Practice, 1925, 4, 430. 

Ethyl hypochlorite, chlorine ethoxide, 
EtOCI, is obtained by the action of CIgO on 
ethyl alcohol, or by mixing concentrated 
aqueous solutions of hypochlorite and alcohol 
(Sandmeyer, Ber. 1885, 18, 1767; 1886, 19, 

867). An improved apparatus for this prepara- 
is described by Durand and Naves (BuU. Soc. 
chim. 1925, [ivj, 37, 717): contact between 
EtOCI and rubber is avoided, to obviate 
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possibility of violent explosions. A stable solu¬ 
tion, Hui 1 it;ient for many })\ir]K)Hes, is obtained by 
j)assing CIg into a stirnnl suspension of 
CaCOg (25 g.) in 1 1. of HgO until 25 g. arc 
absorbed; excess (jarbonato is reinovcd by 
filtration, and the filtrate is shaken with a 2 % 
solution of etliyl ahiohol in CCI 4 . The EtOCI 
remains in the CCI4 layer; excess CIg is re¬ 
moved by washing with NaHCO., ; the solution 
decomposes on standing giving higli yields of 
ethyl acetak‘, 

EtOCI->MeCHO-l HCI; 

EtOCI 4 MeCHO > MeCOoEt 4 HCI 

(Taylor, Mc.Mullin and Gammal, J. Amcr. 
Chem. Soc. 1925, 47, 395). Colourless liquid, 
b.p. 3(»77(iH inm., 1-()18 (Durand and Naves, 
/.r.). It turns yellow in light witli liberation of 
Clg. It frequently undergoes spontaneous and 
vigorous decomposition when kept, witli for 
Illation of ethyl acetate and chlorinated acetal¬ 
dehyde, but. solutions in CCI4 are fairly stable 
(Goldschmidt, Endres and Dirsch, Ih^r. 1925, 
58, IH], 572). It is hydrolysed in aqueous 
solution. When the vapour is sujK^rheated it 
explodes; exposure to direct sunlight causes i 
explosion ; powdered Cu causes a violent ex- ' 
plosion, but carbon and sulphur have no edeet 
(Sandmeyor, l.c.). It adds direct to some double 
bonds, to give tlie system 7 >CCI—C(OEt)< 7 , 
e.g. to dihydronaphthalcnc (Goldschmidt, Endres 
and Dirsch, l.c.). With purely ali})hatic olefin 
compounds it gives chlorohydrins. The ester is a 
vigorous chlorinating ag(‘nt; ctllylamine gives 
ethyl dichloramine, EtNCIaJ CHgCOCHg 
gives CHg'CO-CHoCI; PhCHO gives 
PhCOCI; with Grig*nard reagents it reacts 
thus: RMgX-j EtOCI ->RCIflVIg(OEt)X; 
it reacts vigorously with dilute HCl to give 
alcohol and CIg (Durand and Naves, Bull. Hoe. 
ehim. 1925, [iv], 37, 1147). It has been used 
for chlorinating rubber. 

Ethyl hyponitrite, Et^NgOo, (:N*OEt) 2 , is 
prepared from ethyl iodide and silver hyponi- 
tritc, AggNgO.^, in ether (Zorn, B(!r. 1878, 11 , 
1630). The preparation was inquoved by 
Partington and Hhah (J.C.S. 1932, 2593). It 
cannot be distilled, even at low pressures; it 
explodes when heated at 80-82" and is prac¬ 
tically insoluble in water. 

Ethyl iodide, EtI {see Gay-Lussac, Ann. 
Chim. Phys. 1814, [i], 91, 89; Serullas, ibid. 
1824, fii], 25, 323; 1829, [ii], 42, 119; Erank- 
land, J.C.S. 1850, 2, 263; 3, 32); m.p. -118" 
(Schneider, Z. physikal. Chem. 1897, 22, 233); 
b.p. 72*34" (Liimemann, Annalen, 1871, 160, 
204), 72*57° (coiT.) (Thorpe and Kodger), 
71*9-72° (Linebarger, Amer. Chem. J. 1896, 18, 
439); d}\’^ 1*9444 (Linnemann), 1*1810 

(Schiff, Bcr. 1886, 19, 564), dj 1*965,3, d^® 1*9433, 
d' 4 ® 1*9243 (Perkin, J. pr. Chem. 1885, [ii], 31. 
501). 

Prepared from alcohol and HI (Gay-Lussac); 
from alcohol, iodine and phosphorus (Serullas). 
Personne (Compt. rend. 1856, 42, 4()8) suggested 
the use of red P, and the preparation can then 
be carried out thus (Keith and Beilstein, 


Annalen, 1863, 126, 250): 1 part of red P and 5 
parts of 90% alcohol are placed in a liask, and 10 
parts of iodine slowly added ; after 24 hours the 
EtI is distilled off, washed with dilute NaOH 
and water, and dried over CaCL. fJrismer 
(Ber. 1884, 17, 64i)) dissolved the I in liquid 
paraffin, added the vcllow P and then alcohol. 
Walker (J.C.S. 1892, *^61, 717 ; cf. ibid. 1905, 87, 
1596) obtained a 93% yield from alcohol, 
iodine and equal quantities of red and yellow 
P ; Adams and Voorhees (J. Amcr. Chem. Soc. 
1919, 41, 789) have described a convenient 
modification which gives a yield of 90-100%. 
It can he prepared in quantitative yield by 
adding E 1.2804 slowly to a warm concentrated 
aqueous solution of Kl (Weinland and Schmid, 
G.P. 175209). It is also formed by the action of 
HI upon ether, and together witli CHI 3 and 
Nal by the electrolysis oi‘ a solution of 20 g. of 
Na propionate and 20 g. ot Kl in 20 c.c. (if 
\vati*r. 

Ethyl iodide is a colonilcss licpiid witli a 
pleasant odour; it is almost insolubU* in water, 
hut miscible wutli alcohol aiul <4her. It is 
gradually turned brown by (‘xposuro to light, 
with the formation of free I and liberation of 
butane (Eranklaud, J.(^S. 1851, 3, 322); Hg 
or Cu keo]) it almost colourless, but the (ha om- 
position is tlum more rapid, owing to eombina- 
iion ot the liberated I with the metal. It 
preei}»itates Agl irom alcoholic AgNOg in the 
eoJd ; it form.s doubk* compounds with silver 
salts, metals and ammonia. Br displaet's the 
I, giving ethyl bromide; Cl gives ethyl (Idoride 
(Dumas aud Stas, Aiinalen, 1840, 35, 162). 

I Cl forms Etc I and 1 2 - HCl has no action; 
but, on the (;ontrary, EtCI is docom])osed by 
HI into EtI and HCl (Lichen, Zeitseh. Chem. 
1808, 4, 712). By the action of HI at 150°, 
ethane and iodine arc formed. HNOg causes 
the separation of I (Marehand, .1. pr. Chem. 1884, 
[ii], 33, 186). Metallic Ag abstracts I, leaving 
butane, C 4 H]o- Water at 150° yields alcohol 
(Reynoso, Jahresbe^r. 1856, .507); excess of 
alcohol at a high temperature giv(i 8 ether and 
some C 2 H 4 (Lieben and Rossi, Annalen, 1871, 
158, 16(>). Jt is largely used for the ju’opara- 
tion of other (sthyl compoiiiids. it can he used 
as an anti knock in fuels (U.S.P. 1635216, 
1927). 

Ethyl nitrate, nitrie ether, EtO*N 02 , m.p. 
— 112° (Schneider, Z. physikal. Chem. 1897, 22, 
233); b.p. 86*3°/728*4 mm., rfj M.322, 

1*1123 (Kopp, Annalen, 1856, 98, 367); b.p. 
87 C°, d\ J 1305, (Z" 3-1159. 1-1044 (Perkin, 

.T.C.S. 1889, 55, 682); heat of combustion 
322 kg.-cal. (Inter. Crit. Tables, V); latent 
heat of vaporisation—9,200; vapour pres¬ 
sure p given by logjop-^—2010/T+8*57 (from 
—80° to 20°) (Goodeve, Trans. Earaday Soc. 
1934, 30, 501). It is obtained from alcohol 
by the action of nitric acid in the presence 
of some substance that will destroy nitrous acid, 
usually urea (Millon, Ann. Chim. Phys. 1844, 
[hi], 8, 233). 

Preparation. —400 g. of pure nitric acid (sp. gr. 
1*40), previously heated with 1% of urea to 
destroy lower oxides of nitrogen, are mixed with 
300 g. of absolute alcohol and 100 g. of urea 
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nitrate, and then distilled ; when half the liquid 
has distilled over, a mixture of 400 g. of nitric 
acid and 300 g. of alcohol is added drop by drop 
to tlio flask and the distillation continued 
(Lossen, Annalen, 1868, Suppl. 6 , 220). 

When silver nitrate is heatcul with alcoholic; 
ethyl iodide (or bromide), no ethyl nitrate is 
formed, but a mixture of ethyl nitrite and ahh;- 
hyde is obtfiined (Bertrand, Bull. Soc. chim. 
1880, [ii], 33, 566). If, however, EtI is added 
slowly to powdered AgNO.j, kept cool, a theo¬ 
retical yield of EtNOg is formed (von Biron, 
J. Russ. Phys. Chem. Soc. 1898, 30, 667). 

Ethyl nitrate is a colourless liquid with a 
pleasant odour and taste ; it is almost insoluble 
in water, hut miscible with alcohol and ether. 
It burns vigorously, and has heem used as an 
ex])lo 8 ive when adsorbed on kii‘selguhr. It 
acts as a very vigorous nitrating agent towards 
aromatic compounds suspended or dissolved in 
concentrated HgSO^ at — 5^^ (Raudnitz, Bcr. 
1927, 60, [B], 738). With ammonia it forms 
ethylamino nitrate; nasiiont hydrogen yields 
hydroxylarnine and other bases (Lossen, l.c.). 
Sulphurcitted hydrogen gives mercaptan (Kopp, 
Annalen, 1847, 64, 320). Alcoholic potash 
hydrolyses it rapidly with separation of 
crystals of KNO3. It reacts with phenyl 
magnesium bromide to give a deep-blue solution, 
wlii(di turns pink with acids, and blue again with 
alkalis (Kinkhead, Chem. News, 1921, 122, 4). 
It has been used as a, deodorant for fatty sul>- 
stancf^s, masking the odour of rancidity, but it 
has the disadvantage of (’xj)]osibility (Bolis, 
Amer. ('hem. Abstr. 1924, 18, 2614). 

^-lodoethyl nitrate, CHjjlCH 20 'N 02 , 
b.p. H(ff2'2 nirn., ly llu' action of C 2 H 4 on 
Hg(N 0 . 3)2 *2 in etluT or CCI4 

(Birckeiibach and" Goubeau, Ber. 1934, 67, [ BJ, 
1420). 

Ethyl nitrite, nitrous ether, CgHr^O-NO, 
b.p. l(i-4 ' (Liebig) ; (Mohr, dahresber. 1851, 
561; Ib’own, Pha.rm. J. 1885, |iii], 15, 400); 
17-5'' (Duiistan and Dymond, ihid. 1888, [iiij, 
18, 861); 0*900 (Brown, l.c.), dj 0*917 

(!). and T)., l.c.); latent heat of vap. 6650 cal. ; 
v.p., p given by logioP= —1453/T-f 7*88 over 
range —80° to 20°. The ultra-violet absorption 
spectra of Et nitrate and nitroethano are very 
similar and differ from Et nitrite (Goodeve, 
Trans. Earaday Soc. 1934, 30, 501, 504) ; dipole 
moment in vap. 8tate=^2*38 X 10~® (Czcrlinsky, 
Z. Physik, 1934, 88, 515) ; parachor, see Noyes 
and Singh (J. Amer. Chem. Soc. 1936, 58, 802). 

This substance was discovered in 1681 by 
Kunckel. It is obtained from alcohol by the 
action of nitric acid, especially in the presence 
of some oxidisable matter such as Cu. It is 
readily prepared by esterifying nitrous acid : 

Preparation. —500 g. of potassium nitrite and 
1 1. of 45% alcohol are mixed and cooled in ice; 
a mixture of 500 g. of sulphuric acid, 500 g. of 
water and 500 g. of alcohol is then dropped in 
slowly, the heat produced volatilising the ester, 
which is condensed by cooling (Feldhaus,Annalen, 
1863, 126, 71). Bunstan and Dymond {l.c.) add 
slowly 34-5 g. of sodium nitrite in J 20 g. of water 
to a mixture of 13*5 g. sulphuric acid, 32 g. 
alcohol and about 75 c.c. of water, cooled in ice; 


the ethyl nitrite separates out as a layer on the 
surface. As thus prepared, the liquid contains 
only traces of alcohol, which can bo removed by 
shaking with water. 

It is also formed by the interaction of MgS 04 , 
NaN02 alcohol (Matuschek, Chem.-Ztg. 

1905, 29, 115). Alkali ethyl sulphates react 
with alkali nitrites, yielding a mixture of nitrous 
ester and nitroethano (Ray and Neogi, J.C.S, 

1906, 89, 1900). Ethyl iodide and AgN02 
almost entirely nitroethane. 

Ethyl nitrite is a mobile liquid with a pleasant 
ethereal smell and taste; it is slightly soluble 
in water, but miscible with alcohol. It is liable 
tf) undergo decomposition, cspcdally in the 
jiresence of water, but can be ])rcscrved if mixed 
with a small quantity of glycerol. Andrews (J. 
Amer. Pliarm. Assoc. 1932, 21, 799, 886) gives 
a variety of conditions of j)]*eparation, storage 
and preservation of ethyl nitrite ; deterioration 
occurs in all preparations, but is inhibited in 
solutions in 99% ethanol stored in a refrigerator; 
amb(;r glass retards the decomposition. It is 
decomposed by siil])liid(\s according to the 
e(piation : 

EtNOa 1 3 H 2 S NHg f EtOH pHgO b3S 

(Koi)p, Annalen, 1847, 64, 321). It reacts with 
mercaptans to give nitroso-raercaptans, or; thio- 
nitrites, RSH + EtO*NO-RS-NO f EtOH 
(Lecher and Biefken, Ber. 1926, 59, [B], 
1314). 

Mixed with alcohol, it constitub's the “ sweet 
spirit of nitre,” spiritus nU/icris niirosi, spirit of 
nitrous ether, of pharmacy, prepared as follows : 
106 nd. of sulphuric add are add(‘d slowly 
to 1,060 ml. of 90% alcohol, and then 125 ml. 
of nitri(; acid are added with constant stirring. 
Thc! mixture is transleiTcd to a n*tort or flask 
containing ICK) g. of copper turnings, attached 
to an eflicient condenser leading to a jcceiver 
containing 1,600 ml. of 90^)b alcohol. The 
receiver is cooled in ice, and the mixture is 
distilled gently at a temperature which is at 
first about 77°, rising to 80°, but does not exceed 
82°, until the volume of liquid in the receiver 
has increased to 1,600 ml. Thc mixture is then 
cooled, 25 ml. of nitric acid are added, and the 
distillation is resumed until the liquid in the 
re(;eiver is increased to 1,700 ml. This liquid is 
then mixed with 1,000 ml. of 90% alcohol, so 
that the whole contains 1*25-2*5% w/v of 
ethyl nitrite (British Pharmacopoeia, 1914, 354 ; 
B.RC. 1932, 404). 

It is estimated in pliarraacoutical preparations 
by oxidation with KClOg in the presence of a 
known quantity of AgNOg and HNOg, and 
titration of the excess AgNOg when precipita¬ 
tion of AgCI is complete; or the excess KCIOg 
may be estimated iodometrically {see van 
Itailie, Steenhauer and Harmsma, Pharm. 
Weekblad, 1929, 66, 15). For a simple method 
of determination of the ethyl nitrite in sweet spirit 
of nitre, see Herting, Pharm.-Ztg. 1910, 56, 
423, and for the estimation of the alcohol, see 
Pearson, Amer. J. Pharm. 1908, 80, 101. For 
a gasometric method of estimation by measur¬ 
ing the NO liberated by the action of Kl, see 
Freriehs and Mannheim, Arch. Pharm. 1918, 
256, 112. 
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For the the'rmal decomposition of the vapour 
of ethyl nitrite at 1 mm., see Rice and Rodovskas, 
J. Amer. Chem. Soe. 1935, 57. 350. 

Nitroethane, CHa-CHg NOa, b.p. 114-1157 
760 mm., 1*0472 (Bruhl, Z. physikal. Chem. 
1896,16,214); dj® 1*0561 (Perkin, J.O.S. 1889,55, 
687). Mol. heat of combustion .322*2 kp.-cal. 
(Inter. Grit. Tables, V, 167) ; v.p. log^op— 
--l,985/7’+H*01 ; latent heat of evaporation 
9,075 cal. (Goocleve, Trans. Faraday 8o(^ 1934, 
30, 501). Parachor (Noyes and 8ingh, .1. Amer. 
Chem. Soc. 1936. 58, 802); dipole moment 
(Hunter and I^artington, J.C.8. 1933, .309). It 
is formed, mixed with an approximately equal 
quantity of ethyl nitrate, by the action of Et I on 
AgNOg (von Meyer, Annalen, 1874, 171, 19; 
1875, 175, 88 ); by leading gaseous ethyl 
nitrite, EtO*NO, over asbestos wool at 120- 
130° (Neogi and Chowdhuri, .l.C.8. 1916, 

109, 701). The salts of nitroethane, to¬ 

gether with other substaruics, are formed by 
heating together the ethyl 8ul])hateH and the 
nitrites of the alkalis and alkaline earths in a 
CO 2 atmosphere (Ray and Neogi, J.C.S. 190(), 
89, 1900; Krause, G.P. 294755; Chem. Zentr. 
1916, II, 861); from the K salt of a-bromo- 
propionic acid and NaNOg in water (Auger, 
Bull. Soc. chim. 1900, [iii], 23, 3,33). 

A liquid insoluble in water, but dissolving in 
alkalis to give salts of Monitroethanc, 

CH3*CH:N0*0H 

(von Meyer, Annalen, 1874, 171, 28). On acidifi¬ 
cation, the iwnitrocthane reverts completely to 
nitroethane. Redu(;ed with Fe and acetic acid 
or HCl it gives cthylarainc; living yeast also 
reduces it partly to ethylamine (Neuberg and 
Welde, Biochem. Z. 1914, 62, 471). Electrolytic 
reduction in alcoholic sulphuric acid gives N- 
ethylhydroxylamine and then ethylamine (Pier- 
ron. Bull. Soc. chim. 1899, [iiij, 21, 780). An 
aqueous solution of the K salt gives with Brg 
1 -broino-l-nitroethane and l:l-dibroino-I-nitro¬ 
ethane (Tscherniac, Annalen, 1876, 180, 123). 
Fuming sulphuric acid reacts vigorously on warm¬ 
ing to give ethane-l:2-disulphonic acid, 

(CHjSOjH), 

(von Meyer, ibid. 1874, 171, 53). Nitroethane 
gives a compound with TiCl 4 , m.p. 51°, which 
can be sublimed (Rcihlen and Hake, ibid. 1927, 
452, 47). 

The action of NO upon the Na derivative of 
nitroethane gives nitroethylisonitramirie^ 

OgN-CHMe N(OH) NO; 

this forms metallic salts, which are hydrolysed by 
mineral acids, giving N O and ethylnitrolic acid 
(Traube, ibid. 1898, 300, 106). 

Diethyl peroxidei EtO-OEt, liquid b.p. 
66 °, from ElgSO^ and excess HgOg with 
slow addition of KOH solution. Explosive 
(Baeyer and Vilhger, Ber. 1901, 34, 738 ; 
Reicke, ibid. 1929, 62, [B], 225 ; Streckor, ibid. 
1926, 69, [B], 1774). 

Ethyl hydrogen peroxide, EOOH. 

Liquid distils at 26-47°/100 mm. (Baeyer 
and Villiger, l.c.). 


ExHva Phosphates. 

( 1 ) Normal ethyl phosphate, triethyl phos- 

phate, (EtO) 3 PO; b.p. 103725 mm., 2167770 
ram., r /4 1 *0943-0*001028^ (Sugden, Reed and 
Wilkins, J.C.S. 1925, 127, 1525). Formed by 
heating lead diethyl j)ho 8 phato, Pb(Et) 4 (P 04)2 
(Vogeli, Annalen, 1849, 69, 190); from EtI ana 
Ag 3 p 04 (Clermont, Ann. Chim. Phys. 1854, 
liiij, 42, 330); from POCI3 and EtONa 
(Limpricht, Annalen, 1865, 134, 347; Sugden, 
Reed and Wilkins, l.c.); from P 2 O 5 and absolute 
alcohol (Cariiis, Annalen, 1866, 137, 121). 

It is a colourless liquid, miscible with and 
slowly decomposed by water, forming diethyl 
phosphate (diethyl j)hosphoric acid). 
(CSN2H4)3Et3P04 is obtained as leaflets, m.p. 
195-196' (de<*omp.), by heating the EtI com¬ 
pound of thiourea with Ag 3 P 04 in alcohol 
(Taylor, J.C.S. 1017, 111, 662). 

(2) Diethyl orthophosphate, dicthylphos- 
phoric acid, ( EtO) 2 pO(OH) ; a syrup licjuid 
obtained by the ac^tion of P 2 O 5 upon alcohol. 
It is a monobasic acid, and forms well-defined 
salts, e.g. Ca(Et 2 P 04 ) 2 , crystalline needles; 
Pb(Et 2 P 04 ) 2 , needles, m.p. 180°, soluble in 
water. 

(3) Monoethyl orthophosphate, monocthyl 

phosphoric acid, EtO*PO(OH) 2 ; equal parts 
of 95% alcohol and syrupy plKjsphoric acid are 
heated to 60-80", diluted with water, neutralised 
with BaC 03 , filtered, and the Ba salt allowed 
to crystallise; it is then decomposed by H 2 SO 4 
(Pelouze, Ann. Chim. Phys. 1833, |iij, 52, 37). 
It is also formed by the action of P 2 O 6 syrupy 
H3PO4 u})on ether, and by the action of P2O5 
upon alcohol (Vogeli, .fahresber. 1847, 694). 

It is an oily liquid decomposed by heating, witli 
evolution of ether, alcohol and ethylene {cf. 
preparation of ethylene from alcohol and syrupy 
H3PO4, p. 372/>). It forms crystalline salts with 
metals ; of these, the Pb salt is least soluble. 

(4) Ethyl metaphosphate, EtO P 02 ;from 

EtI and AgPOg in dry CHCI 3 ; by boiling 
^ 2^6 sodium-dried ether for about GO 

hours, until the PgOg is liquid; by heating 
diethyl orthophosphate at 80° in vacuo (Langheld, 
Ber. 1911, 44, 2076); it is a syrup which cannot 
be distilled. Boiling absolute alcohol converts 
it into a mixture of ethyl and diethyl ortho¬ 
phosphates. Excess of water at ordinary 
temperatures gives diethyl pyrophosphate, 
(Et) 2 H 2 P 207 , isolated as the amorphous Ba 
salt, BaEtoPgOy. Ammonia in chloroform 
gives N H 4 (Et) H PO 4 ; similarly hydrazine gives 
N 2 H 4 (Et)H 2 P 04 (Plimmer and Burch, J.C.S. 
1929, 279, 292). Ethyl metaphoaphate has a 
molecular weight corresponding to (EtPOg)^ 
(Pascal, Bull. Soc. chim. 1923, [iv], 83, 1611). 
Plimmer and Burch give (EtP 03 ) 2 . 

Ethyl Phosphites. 

( 1 ) TrIethyl phosphite, (EtO) 3 P, b.p. 155- 
1567740 mm. (Milobendzki and Sachnowski, 
Chem. Zentr. 1918,1, 91J); 1 075 (Railton, 

J.C.S. 1855,7, 216). From PCL and alcohol or 
sodium ethoxide; to an ice-cold mixture of 3 
moJ. of alcohol and 3 mol. of pyridine, diluted 
with ether, 1 mol. of PCI 3 is added drop by 
drop ; the pyridine hydrochloride is filtered off, 
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and the filtrate distilled (M. and S.). It is an 
ethereal smelling liquid, which absorbs Oj ; it is 
converted by PCIginto PO(OEt)Cl2, PClgand 
EtCI (Geutherand Hergt, Jahresber. 1876, 207). 
Heated with NaOEt it yields NaEtgPOg; 
with ACgO it gives EtPOg (Jaehno, Annalen, 
1890, 256, 269). It forms compounds with 
AgCI, AgBr and Agl, cf)loiirles 8 crystals 
of m.j). 4*5'^, 40° and 81° respectively (Arbiisov 
et al., J.C.S. 1913, 104, i, 333 ). 

( 2 ) Diethyl phosphite, diethyl phosphorous 
acid(EtO) 2 P-OH,b.p. 72-7379 mm. (M. and S.), 
71-71 -5710 mm. (Ny]6n, Her. 1924, 57, 1023), 
1-0749. From P 40 e and EtOH (Thorpe 
and North, J.C.S. 1890, 57, 634); from PCI 3 
and EtOH (Levitsky, J. Russ. Phys. Chem. 
Soc. 1903, 85, 211); by the same method as for 
triethyl phosphite, but only 2 mol. of pyridine 
used (M. and S.); PCI 3 is added gradually 
during at least 4 hours to 3 mol. of absolute 
alcohol in ice and salt, in atmosphere of COg 
(Nylen, l.c.); from EtI and Pb 3 (P 03)2 
(Michaelis and Becker, Ber. 1897, 30, 1005). 
It is a colourless, mobile li(iuid, odourless when 
pure. Treated with Na in absolute ether it 
yields NaPO(OEt) 2 , deliquescent needles; 
if the Na derivative is treated before isolation 
with ethyl chloracetate and then atnmonia, it 
gives the amide CONHg-CHg-PO (OEt) 2 , 
m.p. 78-80" (Nylen, lx.). 

(3) Monoethyl phosphite, ethyl phosphorous 
acid, EtO'P(OH)2; by the action of PCI3 
on weak alcohol (Wurtz, Ann. Chim. Phys. 1845, 
[3J, 16, 218). A very unstable syrupy liquid. 
The Ba salt, Ba(Etc5*PO*OH)2, from the acid 
and Ba(OH) 2 , forms hygroscopic crystals, 
hydrolysed by warm water. The salts, on the 
whole, do not crystallise well. 

Chloride of ethylphosphorous acid> 
EtPOCIg, b.p. 117-5° (corr.), < 1-3052 (Thorpe, 
J.C.S. 1880, 37, 346); from PCI3 and EtOH 
(Menschutkin, Annalen, 1866, 139, 343); de- 
( 5 omposed by water into HCI, EtOH and 
H3PO3; heating to 165° gives EtCl, P, 
PCI3 and PgOg (Charabon, Jahresber. 1876, 
205). 

Diethylpyrophosphorous acid is unknown, 
but the Zn salt, EtgPgOgZn, is produced 
when ZnEtg is heated with P2O5 to 140° 
(Dilling, Zeitsch. Chem. 1876, [ii], 3, 266). 

Ethyl Selenium Compounds. 

Ethyl selenomercaptan, EtSeH, b.p. 53-57 
] -3954; from ethyl iodide and alcoholic 
sodium selenide (Tschugaeff, Ber. 1909, 42, 
49); from aqueous sodium selenide and KEtS 04 
(Siemens, Annalen, 1847, 61, 360; Shaw and 
Reid, J. Amer. Chem. Soc. 1926, 48, 520). It is 
a poisonous nauseous-smelling liquid, which 
produces an intense irritation of mucous mem¬ 
branes. With HgO it gives Hg(SeEt)2 
(Siemens, l.c.). It condenses with ketones in 
the presence of HCI to give mercaptoles, 
R 2 C:(SeEt) 2 , which on oxidation with 3% 
H^Og solution give a solution of ethyUeleninic 
acid^ EtSeOgH, a thick syrup. Oxidation of 
ethyl selenomercaptan with HNO3 gives the 
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HNO3 compound of cthylseleninic acid, 
EtSeOaH-HNOg, (probably ‘ 

EtSe(N 03 )( 0 H) 2 ), 

m.p. 80°. The corresponding HCI compound 
has m.p. 107°. 

Ethyl selenide, EtgSe, b.p. 108°; dia- 
covered by Lowig (Pogg. Ann. 1836, 37, 552). 
By the action oi KgSe upon diethyl oxalate 
(L.); by the interaction of KgSe and KEtS 04 
(Joy, Annalen, 1853, 86, 35 ; Kathke, ibid. 1869, 
152, 210) : the crude distillate is digested with 
KOH, EtKSO^ and a small piece of P and 
redistilled (von Cievcrling, ibid. 1877, 185, 331 ; 
Ber. 1876, 9, 1469); by the action of alcoholic 
NaOEt and EtBr, or EtI upon ethyl seleno¬ 
mercaptan (Tsc'hugaelf, Ber. 1909, 42, 52). A 
colourless, mobile liquid with a repeUant smell, 
hut less objectionable than selenomercaptan 
or tho diselenide; it is insoluble in water, and 
acts as a base: HCI precipitates from a solu¬ 
tion in dilute nitric acid an oily liquid, 
EtgSeCIo, which gives a crystalline oxychloride, 
(Et 2 Se) 20 Cl 2 , with aqueous NH 3 . It com¬ 
bines with EtI to form triethylsclenonium 
iodide, EtgSel (von Pievcrliiig, l.c.), a white 
crystalline substance, EtgSeClg forming double 
salts with several undallic chlorides, c.(j. 
[EtaSeCIJaZnCIg. 

Ethyl diselenide, Et 2 Se 2 , hp. 180°; it 
is formed as a by-product in the preparation of 
EtSeH (by its oxidation) and of EtgSe ; and 
from KEtS 04 and KgSeg (Wohler and Bean, 
Annalen, 1856, 97, 1 ; Kathke, l.c.) by the 
action of NaOEt and ethylene bromide on 
EtSeNa: 

2 EtSeNa-fBrH 2 CCH 2 Br 

EtSeSeEt+C 2 H 4 + 2 NaBr 

(Tschugaeff, l.c.). It has a very disagreeable 
smell and is highly jkuhohouh. A solution in 
dilute HNO3 gives with HCI monocliiiie 
erystalsof Et 2 Se 202 ( 0 H) 2 Cl 2 , soluble in water 
and reduced by SOg to ethyl diselenide. 

Ethoxy-selenyl chloride, EtO-SeOCI, 
m.p. 10°, b.p. 175° with decomposition, from 
SeOCIg and absolute alcohol. Heated at 200 ° 
it yields Se, HCI, HgO and EtCI (Michaelis 
and Landmann, Annalen, 1887, 241, 156). 

Diethyl selenite, SeO(OEt) 2 , b.p. 183- 
185° (decomp.), 83-84°/15 mm., 1-50 (Strecker 
and Daniel, Annalen, 1928, 462, 186). From 
SeOCIg and NaOEt in dry ether; from 
AggSeOg and CgHgl at 85° (Michaelis and 
Landmann, lx. ; Strecker and Daniel, l.c.). 
It is a viscous liquid, decomposed by water into 
EtOH and HgSeOg, and by heating in a tube 
at 200 °, selenium being among the products. 

Ammonium monoethyl selenite, 

EtO-SeO-ONH 4 , 

a crystalline, very hygroscopic substance, 
formed by the action of dry N Hg upon alcohol 
and SeOg in a freezing mixture. It is soluble 
in alcohol, insoluble in ether (Divers and Hada, 
J.C.S. 1899, 75, 638). 

Diethyl selenate, (Et 0 ) 2 Se 02 , b.p. 
7673 mm., d^l 1-50, from Ag 2 Se 04 and EtI 
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(Strecker and Daniel, Annalen, 1928, 462, 186). 
Distils unchanged at pressures below 25 nun., 
hut explodes when heated to 145° (Meyer and 
Hinke, Z. anorg. Chem. 1932, 204, 29). 

Ethyl Sulphates. 

Monoethyl sulphate, EtO SOgH (ethyl- 
sulphuric acid ; sulphethylic a(dd ; sulphovunic 
acid), sp.gr. 1-3J6/10 . First obtained by Dabit 
(1802) and later by Serturner (1818); see. 
(ilso Heeren, Fogg. Ann. ]82f), 7, 193 ; llennel, 
Phil. Trane, 1826, 116, 240 ; 1828, 365 ; Serullae, 
Ann. Chirn. Phys. 1829, [ii], 39, 153; Liebig and 
Wohler, Pogg. Ann. 1831, 22, 487 ; Liebig, 
Annalen, 1834, 9, 17, 32 ; 1835, 13, 32, 38; 
Duniae and Boullay, Ann. Chim. Phys. 1828, 
[ii], 36, 300. Formed by the action of sulphuric 
acid upon alcohol (Dabit, Serturncr, Serullas); 
by the absorption of ethylene in suljdiuric 
acid (llennel ; Berthelot, Ann. (3iim. Phys. 
1855, [iii], 43, 385 ; Ellis, U.S.P. 1464153, 
1923 ; as an intermediate in the prepara¬ 
tion of dietliyl sulphate, v. infra) ; on a 
technical scuile heavy metal sulphates may be 
used as catalysts (Damiens, Do Loisy and Piette, 
l^S.P. 1589372, 1926); by heating ether with 
strong H 2 SO 4 (Honnel, l.c.); from S 2 CI 2 and 
alcohol (Heusser, Annalen, 1869, 151, 249), from 
cdilorosulphonic acid and alcohol in the cold— 
heating gives the acid chloride, C 2 H 50 ‘S 02 CI 
(Claesson, J. pr. Chem. 1879, (iij, 19, 245). 

Preparation. —A mixture of equal parts of 
abs. alcohol and strong H 2 SO 4 is heated for 
4 hours on the water-bath, 59% of the 
H 2 SO 4 is converted into monocthyl sulphate 
(Berthelot, Bull. 8 oe. chim. 1873, [ii], 19, 295); 
by using 3 mol. alcohol and 1 mol. H 2 SO 4 
77% of the sulphuric acid is utilised (Claesson, 
l.c.). The mixture is diluted with water and 
neutralised with Pb or Ba carbonate, filtered, 
and evaporated to crystallisation. The crystals 
are dissolved in w'ater and the acid suli)hatc set 
free by addition of the calculated quantity of 
HgSd^ (for the Ba salt) or HgS (for the Pb 
salt); the j)recij»itate is separated and the liquid 
evaporated in vacuo over sulphuric acid. 

Monoethyl sulphate is a syrupy liquid, very 
soluble in water, soluble in alcohol, but in¬ 
soluble in ether. The ])uro substaiu^e has not 
been obtained (Hamid, Singh and Dunnicliff, 
J.C.S. 1926, 1098). Heated with water, it yields 
alcohol and sulphuric acid; when heated with 
alcohol to 140”, ether and H 2 SO 4 are formed. 
Oxidising agents, e.g. MnOg or K 2 Cr 04 , give 
aldehyde (Jacquemin and Li^)s-Bodart, 
Jahresber. 1857, 344). It can be used as an 
intermediate in the preparation of alcohol from 
ethylene (e.g. B.P. 199007, 1923 ; 221512, 1923). 
The salts are very soluble in water and can be 
heated in dilute solutions without decromposition, 
although in strong solution or by prolonged 
heating they are decomposed with formation of 
alcohol, a sulphate and free H 2 SO 4 . This 
decomposition may be diminished by the 
addition of an alkali hydroxide or carbonate. 
Dry distillation of the salts yields “ he?avy oil 
of wine,” a liquid containing diethyl sulphate 
and olefins (cf. Kremann, Monatsh. 1917, 38, 
63). The distillation of sodium ethyl sulphate 


in vacuo gives a 83-90% yield of diethyl sulphate 
(Lilienfeld, Austrian P. 63526). 

Salts. —UEiSO^.H^O; NaEtS 04 ,H 20 ; 
KEtS 04 crystallises in anhydrous monoclinic 
plates, soluble in 0*8 part of HgO at 17°; 
Mg(EtS04)2,4HoO; Ca(EtS 04 ) 2 , 2 H 20 

forms monoclinie iamin?e, soluble in 8-0 juirt of 
H 2 O at ]T; Ba(EtS 0 ,) 2 , 2 H 20 , monoclinic 
plates, 2-08, soluble in 0-92 part of 

water at 17''; Pb(EtS 04 ) 2 , 2 H .20 forms large 
rhombic tables; Pb(EtS 04 ) 2 'Pb 0 is amor¬ 
phous, soluble iji 0-54 part of water at 17”. 

Chloride of ethylsulphuric acid> 
EtO-SOgCI; b.p. 151-154° (corr.), with slight 
decomposition (Claesson, J. pr. Chem, 1879, fii], 
19, 248); 93-957100 mm. (Miillcr, Bor. 1873, 6, 
227). From CgH^Cl and SOj,, together with 
isomers (see E'J'JIYi. Ciiloiude) ; by dropping 
alcohol into SO 2 CI 2 (not vice versa, or diethyl 
sulphate is formed) (Bchrond, J. pr. Chem. 1877, 
(iiJ, 15, 28); together with isomers (?) from a 
salt of ethyl sulphuric acid and PCI 5 (von 
Purgold, Ber. 1873, 6, 503); from ethyl chloro- 
formato, CICO-^Et, and fuming sulphuric 
acid (Wilm, ibid. 1873, 6, 505), and by passing 
C 2 H 4 into chlorosulphonic acid, HO*S 02 Ci, 
in both cases, CISOg-OEt being the chief 
product (Miillcr, ibid. 1873, 6, 227). 

It is a liquid with an irritating, lachry¬ 
matory odour, d(‘composed by water into 
HCl, H 2 SO 4 and alcohol. When added to 
methyl or ethyl alcohol, ethylsulphuric acid and 
alkyl chloride arc produced ; with amyl alcohol, 
amyl sulphuric acid and EtCI are formed 
(Muller, l.c.). The addition of absolute alcohol, 
however, yields diethyl sulphate. The chloride 
has been used in making vat dyestuffs (B.P. 
271533). 

a- and^-Bromoethylsulphuric acid have 
been described (Beilstein and Wiegand, Bor. 
1882,15, 1370). 

Diethyl sulphate, S02(0Et)2, m.p. -24*5°» 
b.p. 90715 mm., 120-5745 mm., 2087760 mm. 
(decomp.) (Cade, Chem. Met. Eng. 1923, 29, 
319); b.p. 110°/30 mm., d[ 1 •210-0-00112^; 
}>ara(4ior (fSugden, Heed and Wilkins, J.C.S. 
1925, 127, 1525). Formed by leading SO 3 
vapour into alwolute ether (Wetherill, Annalen, 
1848, 66, 117) ; by the action of SO 3 HCI 
on ether at suitable temperatures (Chem. 
Fabrik v. Kereszty et nl., Austrian P. 67843, 
1913) ; in small quantity by the distillation 
of EtHS 04 ; distillation in vacuo of 

NaEtSOi, alone or mixed with dry N 32804 , 
the distillate being mixed with HgO and 
extracted with CHCI 3 : yield 83-90% (Lilien¬ 
feld, Austrian P. 63626 ; U.S.P. 1074633, 
1913) ; from Ag 2 S 04 and EtI (Stempnewsky, 
Ber. 1878, 11, 614); by dropping alcohol into the 
chloride of ethyl sulphuric acid (see above), or 
by the action of H 2 SO 4 upon alcohol (Claesson, 
J. pr, Chem. 1879, [ii], 19, 257); a mixture of 
1 vol. absolute EtOH and 2 vol. H 2 SO 4 is 
distilled slowly in vacuo (ViUiers, Bull. Soc. 
chim. 1880, [ii], 34, 26); it can be prepared 
conveniently in the laboratory from H 2 SO 4 , 
alcohol and N 32804 (Lynn and Shoemaker, 

J. Amer. Chem. Soc. 1924, 46, 999). 

It is prepared commercially by the action of 
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C 0 H 4 upon H 2 SO 4 (Leproux, F.P. 421628, 
1910; Sidgwick and Plant, B.P. 157578, 1919: 
Curme, U.S.P. 1339947, 1920; B.P. 215000, 
1923; cf. Damiens, Compt. rend. 1922, 175, 
585); with CUgO, CU 2 SO 4 and FeS 04 as 
catalysts (Damiens et al., U. 8 .P. 1574796, 1926 ; 
1699119, 1926). It (*an also be prepared by the 
action of funiing sulphuric acid upon alcohol in 
tile presence of delid'dratiin!; agents (Lilicnfeld, 
B.P. 143260, 1920). 

It is an oily liquid, \\ ith a slight odour of 
pcpjjcrinint; insoluble in wat(T, by which it 
is slowly decomposed even in the ctdd, to forr>i 
alcohol, H 2 SO 4 and inonoethyl sulphate. It 
is non-inflammable and not very toxic (Cade, 
I.C.). Heated with alcohol, it Ibrms ether and 
monoethyl sulphate; warm aqueous baryta 
forms alcohol and Ba( £ 1804 ) 2 . 
used instead of dimethyl sulphate to separate 
aromatic from non-aromatic hydrocarbons. It 
is a good ethylating agent. With Grignard 
compounds it reacts thus : 

RMgX-f EtoS04~ REt+MgX S04Et. 

Di-^-bromoethyl sulphate, 

(CHoBr.CH 2 ) 2 S 04 , 

is prepared by the action of ethylene bromide 
upon Ag 2 S 04 in benzene (Beilstein and, 
Wiegand, B(ir. 1882,15, 1370) ; it is a heavy oil, 
insoluble in w'ater, soluble in benzene and ether. 
Heated with water, it yields bromocthylsulphuric 
acud, and finally HBr, H 2 SO 4 and glycol. 

Ethyl Sulphites, Sulpiitues and Tellurtdks. 

Monoethyl sulphite, EtO SO OH, ethyl 
sulphurous acid. The potassium salt, 
KEtSOs, is obtained by passing SOg into 
a well-cooled solution of KO-CgHg in absolute 
EtOH (llosenheim and Liebknecht, Ber. 1898, 
31, 408) ; the ammonium salt is prepared by 
passing NH3, followed by SO 2 , into absolute 
EtOH (Divers and Ogawa, J.C.S. 1899, 75, 
535). The alkali salts are very unstable in the 
solid state and decompose wdth loss of SO^ ; 
dilute mineral acids bring about this change in 
solution. Ethyl iodide and EtOH at 150° yield 
ethyl sulphonate {v. infra). Ethyl sulphurous 
acid is isomeric with ethyl sulphonic acid, 
Et'SOg'OH {v. infra). 

Diethyl sulphite, (EtOlgSO; b.p. 161-3°, 
M063 (Carius, J. pr. Chem. 1870, [ii], 2, 
279). From EtOH and S 2 CI 2 ; 18 parts of 
absolute EtOH are mixed with 50 parts of 
S 2 CI 2 at 60°, kept at this temperature for an 
hour; finally the boiling above 160° is redistilled 
(Warlitz, Annalen, 1867, 143, 74). Action of 
excess of SgClg at low temperatures leads to 
Et 0 *S 02 CI (Levaillant, Compt. rend. 1930, 
190, 54). A colourless liquid with an odour of 
mint, miscible with alcohol and ether, but in¬ 
soluble in water, by which it is decomposed. 
With PCI 5 , it yields EtO-SOCI, b.p. 122 ° 
(for preparation from SOCI 2 and EtOH, see 
Stabler and Schirm, Ber. 1911, 44, 319). It is 
easily hydrolysed by KOH to EtOH and 
sulpMte, but longstanding yields some potassium 
ethyl sulphonate, EtSOgK (Arbusov, Ber. 
1909, 42, 4690; cf. 1919, 52, 1070). It is 

VoL. IV.—24 


decomposed at 200 ° into SOo and EtgO 
(Prinz, Annalen, 1884, 223, 'Mi). Clg, in a 
freezing mixture, gives a good yield of 
EtO-SOgCI (Levaillant, Compt. rend. 1929, 
189, 465). It reacts with Gjignaid reagents to 
give sulphoxides: 

(EtO)2SO+2RMgX^ R 2 SO + 2Mg(OEt)X. 

p-Chloroeihyl Sulphite, (CH 2 CbCH 2 0)2S0, 
b.]). mm., dfl* 1-422, is ibrmed from 

CH 2 (OH)CH 2 CI and SOCL (L.). 

Ethyl sulphydrate, etliyl mercaptan, ethane- 
thiol, EtSH, b.p. 36-2-36'8‘7761 mm. (Nasini, 
Ber. 1882, 15, 2882); d‘f 0-83907. ForriK^d by 
distilling Ba(EtS 04)2 with Ba(SH )2 (Zeise, 
Annalen, 1834, 11 , 1 ); by action of KHS upon 
EtCI (Begnault, Ann. Cbim. Phys. 1839, (iij, 71, 
390); Kekulo’s preparation from PgSg and 
alcohol (Annalen, 1854, 90, 310) is useless (Chem. 
Zentr. 1925, 11, 1668). It is best prepared by 
saturating a solution of KOH, sp.gr. 1-3, with 
HgS, mixing with a solution of Ca(EtS 04)2 
(also of sp.gr. J-3), and distilling on the water- 
bath (Liebig, Annalen, 1834, 11, 14). 8 ince 
EtgS is also formed (Claosson, J. pr. Chem. 
1877, [iij, 15, 193) the distillate is treated with 
alcoholic KOH, evaporated, extracted with 
benzene, and the mercaptan Jib(*rated by dilute 
H 2 SO 4 (rf. Klason, Ber. 1887, 20, 3411). It is 
formed by passing alcohol and CSg over TiOg 
at a high temperature (Gilfillan, J. Amer. Chem. 
So(!. 1922, 44, 1323). 

It is a colourless liquid with a disgusting 
garlic-like odour. It is slightly soluble in water, 
from which it crystaUises on evaporation, with 
ISHgO, m.p. 12° (Claesson, l.c.). With BPg it 
gives EtBr, HBrandBrS (Friedcl and Laden- 
burg, Annalen, 1868, 145, 189). Cone. HNO 3 
yields ethylsulphonic acid, EtSOaH ; weaker 
acid gives EtSOg-SEt. 

It forms (Tystalline compounds with SiCl 4 
(Dcmar 9 ay, BuU. Soc. chim. 1873, [ii], 20, 127). 
It absorbs NO, forming a dark red solution. 
The action of NOCI (Khcinboldt, Ber. 1926, 
59, 1311) or ethyl nitrite (Lecher and Siefken, 
ibid. 1314) yields ethyl thionitritc, EtS-NO, 
b.p. 10-20°/25 mm. Mercaptan gives a liquid 
additive compound withCHgO (Levi, Gazzetta, 
1932, 62, 775). Addition of ethyl mercaptan as 
a warning substance to water gas has been 
adopted in some cases, and it is an intermediate 
in the manufacture of ‘‘ Trional ” and “ Sul- 
phonal.” 

The hydrogen of mercaptan is replaceable by 
metals to form mercaptides, e.y. EtSK; 
Hg(SEt) 2 , transparent plates, m.p. 76-77° 
(Otto, Ber. 1880, 13, 1290; 1882, 15, 125), very 
slightly soluble in cold, soluble in 12-15 parts 
of hot EtOH (Liebig, Annalen, 1834, 11, 17), 
giving with HNO 3 the nitrate, Hg(EtS)N 03 
(Hofmann and Babe, Z. anorg. Chem. 1898, 17, 
26); ethyl mercapto-mercury salts, EtSHgX, 
are formed from mercaptan and Hg salts (Sachs, 
ibid. 1924, 135, 273); Pb(EtS)o is formed as 
a yellow precipitate when lead acetate and 
mercaptan are mixed in alcoholic solution ; 
As(EtS )3 is a foul-smelling oil from AsCl 3 and 
EtSNa, decomposed by heat into As and 
EtgSjj Pt(EtS )2 is a pale-yellow precipitate. 



:m 


ETHYL. 


Ethyl sulphide, diethyl sulphide, EUS, 
h.p. 92*2-93® (corr.)/754 mm. (Nasini, Her. 
1882, 16, 2882); 92*1® (oorr.) (Thorpe and 

Rodger, Phil. Trans. 1894, A, 185, 499); 
92*l®/760 mm., m.p. —103*3° (Timmermans and 
Hennaut-Roland, J. Chim. Phys. 1935, 32, 
601); 0*83676 (Nasini, Z.r.), 0*84102 

(T. and H.-Ji., l.c.). Prepared from KgS and 
EtCI (Regnault, Ann. Chim. Jdiys. 1839, fii], 
71, 387); from ZnEtg and SOCig (Gauhe, 
Annalen, 1867, 148, 266); from KHS and 
KEtS04 in EtOH (Hobson, J.C.S. 1858, 10, 
66 ) ,* to prepare it pure, heat the crude sulphide 
several times with Cu powder to 260-280® 
(Finckh, Ber. 1894, 27, 1239). 

It is a colourless liquid with a strong garlic-like 
odour ; when pure it has an ethereal odour 
(Briihl). It is insoluble in water. Chlorine acts 
upon it in the dark, forming substitution pro¬ 
ducts: (a) (CgHgCIglgS, a yellow liquid, b.p. 
167-172°, sp.gr. 1*547/12°; (5) (CgHgCl.^lgS, b.p. 
189-192°, sp.gr. 1*219/J3*5°; (c) (CgHC^lgS, 

b.p. 217-222°. By the prolonged action of CIg, 
CgClg is formed, and possibly also (CgCIglgS 
(Riche, Ann. C-hira. Phys. 1855, [iii], 43, 283; 
Annalen, 1854, 92, 358). (Cg 142013)28 also 
results from action of CIg upon (CgHgCIglgS, 
which can be obtained from C 2 H 4 and SgClg 
(Guthrie, ibid. 1860, 116, 241). Bromine forms 
EtgSBPg, a yellowish-red unstable substance, 
which with Kl yields EtgSIg, a black liquid 
(Rathke, ibid. 1869, 152, 214). 

Ethyl sulphide combines with many metallic 
chlorides to form crystaUine compounds, e.g. 
Et 2 S*HgCl 2 , white crystals, m.p. 119°, soluble 
in EtOH and ether; EtgSHgIg, yellow 
needles, m.p. 110°; 2EtgS*TlClg, dark-red 
crystals; HFeCl 4 *Et 2 S*H 20 , an acidic com¬ 
pound ; it combines similarly with Pd and Pt 
salts; see, e.g., Abel (Z. physiol. Chem. 1879, 20, 
268); Werner (Z. anorg. Chem. 1897, 15, 14; 
1898, 17, 101); Smiles (J.C.S. 1900, 77, 164). 

Nitric acid (sp.gr. 1 * 2 ) forms ethgl sulphoxide 
or diethyl snlphine oxide, EtgSO, a soluble oily 
liquid. Thi.s is prepared better from EtgS and 
30% HgOg in cooled acetic acid, m.p. 4-6°, 
b.p. 88-89°/!6 mm. (Pummerer, Ber. 1910, 43, 
1401); it decomposes when heated. Fuming 
nitric acid oxidises this to diethyl sulphone, 
EtgSOg, m.p. 70-72°, b.p. 248° (von Oefele, 
Annalen, 1863, 127, 370 ; 1864, 132, 88 ); this 
is also formed from PbEt4 and SOg (Frankland 
and Lawrence, J.C.S. 1879, 35, 244), and from 
EtgS and a solution of KMn04 (von Oefele, 
l.c.) ; it forms rhombic plates, soluble in 6*4 
parts of water at 16°. 

TrieihyUulphonium iodide, EtgS I, a soluble 
salt, is formed from EtgS, EtI and HgO 
(von Oefele, Annalen, 1864,132,82); also from HI 
and EtgS, or H I and EtSH, or EtI and EtSH 
(Cahours, ibid. 1865, 136, 352 ; 1865, 136, 161); 
it forma rhombic plates of disagreeable odour. 
The action of AggO yields triethylsulphonium 
hydroxide, EtgS*OH, a strong base which 
displaces NH 4 from its salts and has a caustic 
action on the skin; it is a crystalline, de¬ 
liquescent mass, which with acids gives de¬ 
liquescent salts capable of forming double salts, 
e.g, (EtgSlgPtClg, dark-red prisms, soluble in 


30 parts of water at 20*7° (Jorgensen, J. pr. 
Chem. 1872, [ii], 6 , 82; Kraut, Annalen, 1881, 
210, 321). 

Ethylsulphinic acid, CgHg SOOH; as Zn 

salt by the action of ZnEtg upon SOg 
(Wischin, Annalen, 1866, 139, 364 ; wrongly 
formulated by Hobson, J.C.S. 1868, 10, 68) ; 
the Na salt is produced by the oxidation of 
sodium mcrcaptide with dry oxygen (Claesson, 
J. pr. Chem. 1877, [ii], 15, 199); the Mg 
salt is formed by the action of SOg on Mg 
ethyl bromide or iodide : 

2S02+2MgEtBr -> (SOgEt)2Mg-| MgBtg 

(Boeseken and Ockenburg, Rec. trav. chim. 
1914, 33, 317; Meuwsen and Gebhardt, Ber. 
1936, 69, [Bj, 937); the ethyl ester is produced by 
the action of EtSOgCI on MgEtCI in ether, 
b.p. 6 O 7 I 8 mm. (Carr6 and Libermann, Compt. 
j rend. 1935, 200, 2086). The free acid is a 
syrupy liquid; HNOg yields ethyl sulphonic 
acid and (EtSOglgNO, crystals, m.p. 81*5°, 
very slightly soluble in water (Zuckschwerdt, 
Annalen, 1874, 174, 308). 

The Na salt, C 2 H 5 SO*ONa, crystallises from 
alcohol in anhydrous crystals; the Pb salt was 
prepared from PbEt 4 and SOg by Frankland 
and Lawrence (J.C.S. 1879, 35, 244); Mg salt 
{v. supra). 

The acid chloride, EtSOCI, b.p. 53715 mm., 
is formed by the action of SOCIg on the acid 
(Meuwsen and Gebhardt, l.c.). It gives esters 
with alcohols. 

Ethyl disulphide, EtgSg,* b.p. 152*8- 
163*4° (corr.)/730 mm., df:^'^ 0*99267 (Nasini, 
Ber. 1882, 15, 2882). By the distillation 
of KEtS 04 with KgSg and water (Zeise, 
Annalen, 1834, 11 , 1 ; Morin, ibid. 1839, 32, 
267; Lowig and Kopp, ibid. 1840, 36, 345; 
Cahours, ibid. 1847, 61, 98) ; by the action of 
iodine on a slight excess of a solution of EtSNa 
(Kokulo and Linnemann, ibid. 1862, 128, 279); 
by the action of S upon EtSNa (Bottger, 
ibid. ] 884, 223, 348); and by distilling liquid 
tbioacetaldehydo (Klinger, Ber. 1899, 82, 2196). 

It is a colourless liquid with a garlic-like 
odour, only very slightly soluble in water; 
with dilute NHOg it gives EtgSgOg, an oily 
liquid which may be regarded as the ethyl ester 
of ethyl thiosulphonic acid, EtS 02 *SEt. 

Ethyl trisulphide, EtgSg, from KgSg and 
KEtS 04 (Cahours, Bull. Soc. chim. 1876, [ii], 
25, 184); also from EtgSg and S ; a colourless 
liquid with an unpleasant odour. 

Ethyl tetrasuiphide, Et 2 S 4 ; from SgClg 
and EtSH (Claesson, J. pr. Chem. 1877, [ii], 
15, 214); a heavy oily liquid with a disagreeable 
odour. 

Ethyl pentasulphide, EtgSg; by heating 
the tetrasuiphide and S at 150°; a tough 
elastic solid (c/. the elastic solid from C 2 H 4 CI 2 
and KgSg). 

Ethylsulphonic acid, ethanesulphonic acid, 
EtSOg-OH is formed by the oxidation of 
EtSH (Kopp, Annalen, 1840, 35, 346), EtSCN 
or EtgSg by HNOg (Muspratt, J.C.S. 1849, 1, 
45); from Etl and KgSOg (Graebo, Annalen, 
1868, 146, 37); from ethylenesulphonic acid 
with P and HI at 170° (Kohler, Amer. Chem. J. 



ETHYL. 


371 


1898, 20, 688 ); by oxidation of EtSCN with 
hypochlorites (De Coninck, Compt. rend. 1898, 
126, 838); by the action of cone. HNOs upon 
mercury mercaptide nitrate (Hoffmann and 
Habe, Z. anorg. Chom. 1898, 17, 26). A de¬ 
liquescent crystalline body, it forms salts with 
bases (Rosenheim and Liebknecht, Ber. 1898, 
81, 412). 

Halogen d(*rivatives (Kohler, Arner. Chem. ,T. 
1897, 19, 737; 1898, 20, 690; 1899, 21, 361). 
The acid chloride, EtSOgCI ; b.p. 177-5° (corr.) 
(Carius), 171° (Otto, Ber. 1882, 15, 122); ^ 22-6 
1-357; from PCI 3 and EtS 03 Na (Gerhardt 
and Chancel, CV)mpt. rend. 1852, 35, 690); from 
the acid and SOCi 2 (Bdeseken and Ockenburg, 
Rec. trav. chirn. 1914, 33, 317). Colourless 
liquid, with an unpleasant smell. 

The ethyl ester, ethyl ethylsulphonale, 
EtSOa-OEt; b.p. 213-4° (corr.); dj M712; 

1-1452 (Nasini, Ber. 1882, 15, 2884); from 
the acid chloride and EtONa (Carius, .1. pr. 
Chem. 1870, [ii.], 2, 262); from EtI and Ag 
sulphite or NaEtSOg. With Grignard reagents 
it gives sulphones : 

EtSOg OEtd- RMgX -> EtSOaRd- EtO-MgX 
)3^'-Dichlorodiethyl sulphide, 
(CH 2 CI-CH 2 ) 2 S, 

known as “ mustard gas,” was apparently 
obtained by Guthrie (J.C. 8 . I860, 12, 116; 
1861, 13, 35) and by A. Niemann (Annalen, 
I860, 113, 288) by 2 )assing ethylene into cooled 
sulphur dichloride; 

2 CH 2 :CH 2 +SCl 2 - (CH 2 CI-CH 2 ) 2 S. 

The optimum conditions have been studied by 
Myers and Stephen (J.S.C.I. 1920, 39, 65T) and 
by Gibson and Pope (J.C.S. 1920, 117, 272). 

)3j3'-I)ichlorodicthyl sulphide is more readily 
procured by the action of ethylene on sulphur 
monochloride at about 60° ; 

2CH2:CH2+S2Cl2-(CH2CI CH2)2S+S 

The product either has the constitution 
(CHgCI-C 142 ) 28 : 8 , or is a coUoidal solution of 
S in ( 0314461 ) 28 . According to Gibson and 
Pope (lx.) Guthrie’s compound is a disulphide 
of the constitution (CH 26 l-CH 2 - 8 ) 2 . 

It may also be prepared from ethylene by the 
following reactions: 

(1) CH2:CH2+H0CUCH2CI-CH20H 

(2) 2 CH 2 CI-CH 20 H+Na 28 

-(CH 20 H-CH 2 ) 28 + 2 NaCI 

(3) (CH20H-CH2)2S+2HCI 

-(CH 2 CI-CH 2 ) 2 S+ 2 H 2 CI. 

(von Meyer, Ber. 1886, 19, 3260; Clarke, J.C.S. 
1912, 101, 1583). For the conversion of ethylene 
chlorohydrin into mustard gas, see also Gomberg, 
J. Arner. Chem. Soc. 1919, 41, 1414. For its 
manufacture, see Quinan, Ind. Chem. 1931, 7, 
474, 491; 1932, 8, 30, 70. A continuous 
vacuum-still for its manufacture is described by 
Streeter (Ind. Eng. Chem. 1919, 11, 292). 

)5/9'-Dichlorodiethyl sulphide has b.p. 
120734 mm., 122-5737 mm. and 2177760 mm., 
and when pure it readily solidifies in cold 


weather, forming long colourless needles or 
prisms which melt at 13-5° to a liquid of 
1-285. It is almost insoluble in water, but is 
readily hydrolysed by boiling with alcoholic 
caustic soda. For other physical properties, 
^fee Gibson and Pope (lx.). It. causcH intense 
inflammation and sup])uration when in contact 
w-ith the skin or Avhen breathed. It was first 
used in chemical warfare by the Germans 
attacking Ypres in June 1917. The only 
eflicient protection is a complete ruobc'r covering 
to j)revent contact with any part of the body. 
E'er its use as a synthetic reagent, see Davies, 
J.C.S. 1920, 117, *297. Boiled with CH 3 I in 
alcoholic solution it givt-s (CHg 10142 ) 28 , 
m.p. 62°, and dithian nu'thiodide. 



m.p. 174" (Nenitzcscu and Sc/lri&tescu, Ber. 
1934, 67, [BJ, 1142). 

E’or a method of quantitative ('stimation of the 
substarure in air, see Yablick et ai, .1. Arner. 
Chem. Soc, 1920, 42, 266, and Maxim, Chem.- 
Ztg. 1932, 56, 503. A reaction stated to be 
specific for mustard gas in the presonee of other 
eliemieal warfare gases is the strong yellow 
(colloidal turbidity wdth aqueous stdutions of 
AuClg and PdClg (Oberniiller, Angew. Chem. 
1936, 49, 162). 

jS)9'-Dichlorodiethyl sulphide, treated with 
concentrated HNO 3 , yields first the sulphoxide, 
(CHgCI-CHglgSO,’ colourless plates, m.p. 51°, 
and then the sulphonc, (CH 2 CI- 6 H 2 ) 2802 , 
m.p. 110" ( 8 pica, Gazzetta, 1919, 49, jii], 
299). With Br 2 , it gives the tetrabromide, 
(CH 2 CI-CH 2 ) 2 S- 2 Br 2 , an orange-coloured sub¬ 
stance which loses bromine rapidly and is con- 
vert(‘d into a bright-yellow^ solid, 

(CH2CICH2)2SBr2, 

m.p. 4.3-44" (Gibson and Pope). 

Ethyl /sothiocyanate, EtNC 8 ; ethyl- 
thlocarbimide, ethyl mustard oil, b.p. 134"; 

0-9972 (Buff, Ber. 1868, 1, 206); by action 
of P 2 S 5 upon EtNCO (Michael and Palmer, 
Amer. Chem. d. 1884, 6 , 259); in very small 
quantity when Hg(CNS)o is heated with EtI 
(Michael, ibid. 1879, 1, 417); by heating CBCIj 
and EtNHg (Rathke, Annalen,' 1873, 167, 211). 
A solution of ethylamine in alcohol is treated 
with C 82 , when crystals of ethylarnmonium 
ethyldithiocarbarnato separate : 

2 EtNH 2 +C 82 -EtNH-C 8 - 8 -NH 3 Et. 

The insoluble mercuric salt (EtNH CB SlgHg, 
on distillation, yields EtNdS, HgS and H 2 S 
(Hofmann, Ber. 1868, 1, 171; 1869, 2, 4,52). 
belepine (Compt. rend. 1907, 144, 1125) im¬ 
proved the yield by using 1 mol. each of C 82 
and NaOH in making a dithio- salt, and basic 
Pb acetate in place of HgCIg. 

EtNCS is a liquid with a very disagreeable 
odour, and has rubefacient jjroperties. With 
absolute alcohol it gives monocthylthiourethane, 
EtNH-C 8 -OEt, a liquid, b.p. 204-208°. 
Thiocarbimides react with phenylhydrazine, 
yielding phenyl thiosemicarbazides. With 
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dry Br in light petroleum a ring-compound, 

S CS NEfC(NE1)S 

1_ _ I 


m.p. 29-5'", is formed (Freund and Jhieliraeh, 
Annalcn, 1895, 285, 184). 

Ethyl telluride, EtgTe, tellurethyl, 
b.p. 137 - 138 '’ (INIarquardt and Micha.(‘lis, Her. 
1888, 21, 2045; Hcnuen, Jahresber. 1861, 56.5); 
d}^ 1-599 (Fas(!al, (Vmipt. rend. 1913, 156, 1905); 
from KgTe and KEtS 04 (Wohler, Annalen, 
18.52, 84, 69; 1840, 35, 111; Mallet, .J.C.S. 

1853, 5, 71). It is a heavy, viscid, pale red 
liquid, with a very unph'asant odour. It 
burns in air with a blue flame, evolving TeOg- 
It is scarcely soluhhi in water, is oxidised on 
cx))osure to .air, and is poisonous. HNO 3 
yields Et 2 Te 0 ,HN 03 , monoelini(^ prisms; from 
its solution strong HCI preei[)itates the oily 
compound EtgTeClo- Ammonia converls this 
into (EtgTeloCIgO, hexagonal prisms, wliieh 
with Ag 2 S 04 gives (EtoTe)^*H. 2 SO 4 , eolour- 
h'ss prisms. AggO with a solution of the 
chloride yields EtgTeO, decomposing on 
cfoncontration. 

The action of EtI uj)on EtgTe produces 
triethylielliirornmn iodide, EtgTel, m.p. 90-92°, 
yellow jmsms (Cahours, Bull. *Soe. cliini. 1805, 
[ii], 4, 40). 

Ethyl ditelluride, EtgTeg, is said to be 
formed in the preparation of EtgTe, and to be 
a dark-red, high-boiling liquid. 

Ethyl titanate, Ti(OEt)4, is obtainc'd in 
67% yi«’ld from TiCl 4 and NaOEt in alcohol 
(Bisclioff and A<lUins, ,T. Amcr. ('hem. Soc. 
1924, 46, 256); b.p. 14.576-5 mm., 2057156 mm.; 
dll hlOl. ! 

ETKyi.KNK. 


Olefient gas, bicarburetted hydrogen, 
CHg-.CHg, was discovered by Leiman in 
1795, It is obtained by the action c>f H 2 SO 4 
upon alcohol; the addition of Al 2 (S 04)3 
increases the rate of production ( 8 enderenH, 
Compt. rend. 19J.0, 151, 392). Syrupy j)hoB- 
phoric acid, d~l-7.5, may replace the H 2 SO 4 , 
thus avoiding charring (Newth, J.C.S. 1901, 79, 
915), or alcohol vapour may be passed over 
heated phosphoric acid, or over aluminium 
sulphate at 350-400°. It is formed by the dry 
distillation of many organic; substances, and 
hence occurs in coal gas to the extent of 4-5% ; 
it is also formed when CSg and HgS (or PH 3 ) 
are led over heated Cu (Berthelot, Annalen, 
1858, 108, 194). To prepare small quantities 
of the pure gas an EtOH solution of C 2 H 4 Br 2 
is warmed with granulated Zn (Sabanejeff, J. 
Russ. Phys. Chem. 80 c. 1877, 9, 33). 

It may be produced on an industrial scale by 
the method of Mailhe, passing EtOH vapour 
over amorphous alumina at 360° (at 300°, see 
Sprent, J.S.C.L 1913, 82, 171); from EtOH 
vapour over coke impregnated with H 3 PO 4 
(Backhaus, U.S.P. 1372736, 1921); by passing 
Hj through a C arc (Freeman, U.S.P. 1233566, 
1917); by heating ethane above 500° (Haynes 
and Ciirme, U.S.P. 1460645, 1923); from 
C 2 H 2 +H 2 and a diluent (CjHg, COg* etc.) 
over Ni or Pd on coke (Eldred and Morscreau, 
U.S.P. 1308777, 1919; Ross, Culbertson and 


Parsons, Ind. Eng. Chem. 1921, 18, 775). 
According to the J.G. Farhenind. A.-G., from 
steam as diluent to reduce 
polymerisation (B.P. 325152), catalysts may be 
AI, Ceor Ce.Og at 280-320° (B.P. .32.5695); 
Te at 450" or Ni at 180° (B.l>. 336999). 

Properties .—A colourless, almost odourless 
gas which burns with a luminous flame. It is 
liquefied by a pressure of 42-5 atm. at —1-1°; 
m.p. —169-4° (Maass and Wright, J. Amer. 
(3)em. Soc. 1921, 43, 1098); b.p. -102° to 
— 103° (Wroblewskv and OJszewsky, Monatsh. 
1883, 4, 3.38), -]04-3°/757 mm. (Ladoriburg and 
Krugel, Her. 1899, 32, 49, 1821), -102-5° 
(Maass and Macintosh, J. Amer. (3iem. Soc. 
1914, 36, 7,37); crit. temp. 282-6 ’ ahs.; crit. 
press. .50-7 atm. (T’ickering, J. Phys. C3iem. 
1924, 28. 97); it hoconu-s liquid at l°/45 
atm., 4 ’750 atm., 8756 atm. and ]0°/60 
atm. (Caillctet, (!ompt. rend. 1882, 94, 1224) ; 
wt. of normal litre 1-2603 g. (Hatuccas, Helv. 
Chim. Acta, 1918, 1, 136); I vol. of water 
at r absorbs 0-2.5629 ()-0091.36/+0 000]881/2 
vol. of C 2 H 4 (Bunsen, “ Gasometrische Metho- 
don,” 2nd ed., 1877, p. 217); nlr.ohol (of 
sp.gr. 0-792 at 20°) absorbs 3-59498-0-05772/ 
-1 0-000681/2 vol. (Carius, Annalen, 1855, 94, 
133). Molecular heat of combustion at constant 
pressure .341-4 kg.-cal. ; heat of formation 
from amorphous C— —9-4 kg.-cal. (Berthelot, 
Ann. (Jiim. Phys. 1881, [v], 23, ISO). 

EtliyJene forms an (‘xplosivo mixture with 
oxygon and explodes spontaneonsly with 
ozonised oxygc;n (Honzeau and Renard, C^ompt. 
nmd. 187.3, 76, 572). Wh(‘n heated to S 0 ()° 
for 5 minutes, it yiekk-d gases, containing 
CH 4 .53-47o. C 2 H 2 23-9% (Bone and Cowaird, 
J.(\ 8 . 1908, 93, 1218). WIh'h heated to 380- 
400° in an iron tube under about 70 atmo¬ 
spheres pressure it. un(k;rgoes rapid polymerisa¬ 
tion to licpiid hydrocarbons, but under atmo- 
S])herie pressure ethylene docs not polvmerise, 
even at 600° (Ipatieff, Bor. 1911, 44*, 2978). 
It is decomposed over reduced Ni at 300° into 
C, CgHg, CH 4 and H 2 ( 8 abatier and Senderens, 
Compt. rend. 1897, 124, 616, 1358). The action 
of electric s])arks yields C 2 H 2 and H^, and then 
C and H. It combines with Hg to form CgH^ 
ill the presence of catalysts (see Ethane). By 
heating a mixture of CgH^ and CO 3 to 400°, 
aldehyde is formed (Schutzenberger, Bull. Soc. 
chim. 1879, [ii], 81, 482) ; CrO^ converts it to 
aldehyde at 120° (Berthelot, Annalen, 1869, 150, 
373). Fuming sulphuric acid absorbs large 
volumes of ethylene at ordinary temperatures, as 
does ordinary sulphuric acid at 160-170° (But- 
lerow, Bor. 1873, 6, 196), forming C 
(see Monoothylsulphato); Ag 2 S 04 
catalyst for the absorption by cone. H 2 SO 4 in 
the cold (Lommel and Engelhardt, ibid. 1924, 
57, 848), as is CU 2 O (Damiens, Do Loisy and 
Piette, U.S.P. 1574796 and 1589372). It is 
readily absorbed by 20 % w/v Hg(NOg )2 in 
2 A^-HN 03 saturated with NaNOg (Tread¬ 
well and Tauber, Helv. Chim. Acta, 1919, 2, 
601), and quantitatively by cone. AgNOs 
solution, the gas may be recovered by evacua¬ 
tion (Morris, J. Amer. Chem. Soc. 1929, 51, 
1460). C 2 H 4 combines at 100° with HI or 
HBr in strong aqueous solution, but not 
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with HCI (Berthelot, Annalen 1857, 104, 
184; 18(30, 115, 114); with bromine water 
at 0 ° it forms an easily separated mixture of 
ethylene broraohydrin aiul dibromide (Jtead and 
Williams, 1917, 111, 240). N 2 O 4 reacts 

with ethylene in etlier to give ethylene nitrositc, 
C,H,N, 03 . needles, m.p. IIG'^ (deeomp.); 
below NgOg yields tlio explosive ethylene 
nitrate (I)emjanow, Chem. Zentr. 1899, 1, 
1064). Plthylcne combines with BF 3 in sunlight 
to form CgHyBFg, a strongly fuming liquid, 
b.p. 124-125" (Landolph, Ber. 1879, 12, 1586); 
C 2 H 4 also forms compounds with AICI 3 
{Ganglolf and Henderson, J. Amer. Chem. Soc. 
1917, 89, 1420). In the presence* of AIBr^, it 
unites with HBr at 0° to form EtBr. Jt gives 
Hg derivatives, e.(/. HOC 2 H 4 HgCI, 
(C 2 H 4 Hg 0 H) 2 Cr 207 (Manehot and Kliig, 
Annalen, 1920, 420, 170). With ClgO it yields 
chlorethyl chloroacetate, CH 2 CI 000021 ^ 401 . 

Ethyhuie, when j)ure, has valuable a.na.*sth<di(; 
properties (Vol. J, ]). 3(57). ft has also Ixaui used 
ibr rij)ening citrus fruit ((3ia(*e and Denny, Jnd. 
Kng. (Jheni. 1924, 16, 339; Wolfe, Bot. Caz. 
1931, 92, 337). 

For a full disc iission on etliylene, see Malisofl' 
and Fgloff (J. i>hys. Chem. 1919, 23, 65-]38). 

The mono- and di-acctatcs and the acetate 
of the monoetliyl ether are industrial solvents 
(v. Durrano, ‘‘Solvents,” 4tli ed., 1938); for 
tlii'ir toxie ])roperties, see Browning, “ Toxicity 
of Industrial Organic Solvents,” H.M. Stationery 
Office, 1937. 

( 1 ) Ethylene monoacetate ()5-hydroxycthyl 
acetate), CHa CO.yCHg CHg OH; b.p‘ 187- 
189*^ (Drushel and Bancroft, Amer. J. Sci. 1917, 
[iv], 44, 374) ; prepared by refluxing ethylene 
glycol with 1 mol. acetic acid over anhydrous 
C uSO4 (2 mol. ) for 8 hours (Drushel and Bancroft, 

l. C.). An odourless liquid, used as a solvent, it is 
miscible with water and with aromatic- but not 
with paraffin hydrocarbons, it dissolves eellulos(i 
acetate and nitrate, but not shellac or the usual 
varnish gums. 

( 2 ) Ethylene diacetate, C2H4(O COCH3)2; 

m. p. -31°dzl°, b.p. 190-190-5° (corn) ; 

M018 (Perkin, J.C.S. 1884, 45, 505); b.p'. 

190*27760 mm. ; 1-4150 ; v.p. 26 mm./ 

100°, increasing linearly to b.p. (Taylor and 
Rinkenbacb, J. Amer. Chem. Soc. 1926, 48, 
1305). Prepared iforn C 2 H 4 Br 2 and an¬ 
hydrous K acetate at 150-200° (Demoie, 
Annalen, 1875, 177, 49; see also Ethylene 
glycol), or industrially from ethylene diehloridc^, 
fused K acetate and EtOH under pressure at 
180° (Hodebush, U.S.1». 1430324, 1922). It is 
a liquid soluble in 7 parts of wat(T and resembles 
the monoaeetate in its solvent properties. 

Ethylene Haltdes. 

Ethylene bromohydrin, )9-broraoethyl 
alcohol, CHgBr-CHa’OH ; b.p. 148° j)artly de¬ 
composed, 45-6711 mm.; d‘ 4 ^ 1-7720; 
1-49688 (Karvonen, Chem. Zentr. 1912, II, 
1270; 1919,111,807). Preparation: from Br 
water and ethylene (Mcl)owall, J.C.S. 1926,499); 
from ethylene oxide and cold 46% H Br-aq., yield 
89-92% (“Organic Syntheses,” 1926, VI, 12). 


The corresponding acetatey jS-bromoethyl 
acetate, ethylene acetobromohydrin, b.p. 16i- 
163°, from ethylene monoaeetate by action of 
HBr at 100° (Demole, Annalen, 1874,173, 121). 

Ethylene dibromide, CH 2 Br-CH 2 Br, sym- 
dibromoethanc ; ni.i). 9-975° (Moles, Z. physikal. 
Chem. 1912, 80, 533h 10 - 012 ° (Biron, ibid. 1913, 
81, 590); b.p. 129-5°/745 mm. (Anschiitz, 
Annalen, 1883, 221, 137), 130-39° (corr.) (Thorpe 
and Rodger, Phil. Trans. 1894, A, 185, 479); 

2-1804 (Biron); 2-1901 (Thorpe, 3.C.S. 
1880, 37, 177); 1 -5380 (Mayo et aU J. Amer. 

Chem. S(K‘. 1933, 55, 2530). Formed by the 
action of BPg on C 2 H 4 (Balard, Ann. Chim. 
Phys. 1826, [iij, 32, 375); formed together with 
ethyJidene dibromide, CHg-CHBPg, by heating 
CgHgBr with Br to 180° (Tawidarow, Annalen, 
1875, 176, 14); from EtCI, Br and Fe wire at 
100° (von Me 3 ^er and Pt'irenkO, Ber. 1892, 25, 
3307); from EtBr, Bfg and AIBr^ at 
(55-70° (Mouneyraf, Bull. Soc. chim. 1898, [iii], 
19, 497); from C 0 H 2 and 2HBr in actinic light 
(Bauer, IJ.S.P. Ill 1852, 1922); from C^H^ and 
2HBr at 1(50-170° with FeBrj or CuBrg as 
eatal^'st (Carli, Annali Chim. Appl. 1932, 22, 
455). 

Prejjaration. —( 1 ) C 2 H 4 , purified by passing 
through H 2 SO 4 and NaOH solution, is led into 
bromine under water until the i(*d colour 
vanishes; the product is w ashed, dried and 
distilled (Erlenme^^er and Buute, Annalen, 1873, 
168, 64; Eilenmeyer, ibid. 1878, 192, 244; 
Prideaux, Cliem. News, 1916, 113, 277). (2) In 
theoretical yield l\y heating glacial acetic acid 
8 aturat(Hl with HBr with glycol diacetate to 
150° (Perkin and Simonsen, J.C.S. 1905, 87, 
856). 

It is a eolourlosH, mobile bhjjuid with a pleasant 
simdl and a sweet tasti;. Heati-d with water at 
150-160° it yields glycol, HBr, and finall^'^ 
aldehyde (Carius, Annalen, 1864, 131, 173). 
Zn reacts with an alcoholic solution of C 2 H 4 Br 2 
to give C 2 H 4 and ZnBfg (Gladstone, Ber. 1874, 
7, 3(54); by luiating with K I and water, ethane 
is produced. Alcoholic or cone, acpieous KOH 
yields CH 2 :CHBr; NaOEt gives CoHg 
(MaeKeiizie, d.C.S, 1901, 79, 1221 ). Heated 
with AIBPg at 100 - 110 °, C 2 H 2 ^i^d C 2 H 2 Br 4 
are formed; with Cl and AICI3 it give.s CoClg 
(Mouneyrat, Lc.), Heated with an excess of 
HgO and PbO to 220 ° it gives gly(*ol ; other 
basic substances may bo used ; acid reaction at 
lower temx)erature yields aldehyde (Jeltekow, 
Ber. 1873, 6 , 558; Novolo, ibid. 1876, 9, 447). 
Heated with strong H I solution it yields C 2 H 4 I 2 
(Sororkin, Zeit. Chem. 1870, [ii], 6 , 518). Heated 
with AggO and w ater, aldeliyde is produced, but 
AgaCOa and water give glycol. Treatment,with 
AgjSO, and benzene gives dibromoethyl sul¬ 
phate, (C 2 H 4 Br) 2 S 04 ; w ith Ag 2 S 04 andiwater, 
broniocthyl sulphuric acid, C 2 H 4 Br-S 04 H, Is 
produced (Boilstein and Wiegand, Ber. 1882, 
15, 1368). 

Ethylene bromoiodidey 2-bromo-l-iodoethane, 
CHaBr-CHal; needles, m.p. 28°, b.p. 163°; 

2-516. From CHgtCHBr and cone. HI at 
100° (Reboul, Annalen, 1870, 155, 213); from 
C 2 H 4 , iodine, with bromine water ( 8 iinp 8 on, 
Jjmresber. 1874, 326). With cold alcoholic 
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KOH it yields CH2;CHI and KBr. On 
heating C2H2, HBr and HI are formed. It 
yields iodoform with alcoholic K acetate at 
100". 

Ethylene dichloride, ^yw-dichlorocthane, 
Dutch liquid, CHgCI-CHoCI; b.p. 83-r>° (corr.) 
(Thorpe, J.C.8. 1880, 37, 182, cf. L.-B. TabeUen, 
2^* Erg. Bd. I, 244); rn.p. —30'" (Curmc, Chem. 
Met. Eng. 1921, 26, 999), dj 1*2808 (Thorpe), 
1*2565 (L.-B. Tabellen, l.c.), 1*44268. 

Prepared by action of Cl on (Deiman, 

Trootswijk, Bondt and Lauwerenburgh, 1795); 
by leading into SbCl5 or molten CUCI2 

(Wohler); from EtCI and SbCI^ at 100° (von 
Meyer and Miiller, J. pr. Chem. 1892, [ii|, 46, 
173); by action of glycol upon PCI3 (Wurtz) 
or upon HCI at 100° (Schorlcmmer, J.C.H. 
1881, 39, ]); from ethylencdiamine and NOCI 
in cooled xylene solution (Solonina, J. Buss. 
Pliys. (;Jheni. 80c. 1898, 30, 606). Tt is best 
prepared in the laboratory by Lirnpricht’s 
method (Annalcn, 1855, 94, 245); C2H4 is 
passed into a gently heated mixture of 2 jmrts 
MnOa, 3 parts NaCl, 4 parts HgO and 5 
parts H2SO4, and when the mass turns yellow 
it is distilled. It can be prepared in good yield 
from ethylene and chlorirui if the temperature 
is kept below O'"; at higher temperatures eon- 
siderable quantities of trichloroethano are 
formed. 

Tt is prepared industrially from ethylene and 
chlorine, both in the liquid state (Ciirnie, U.8.P. 
1316545, 1919; Chem. Met. Eng. 1921, 25, 
999 ; Marks, B.P. 136489, 1919); or in the 
prosoneo of a catalyst such as Fe, Cu or Sb 
chloride (B.P. 147908, 1920), or calcium 
chloride (Smythe, J.C.S.l. 1916, 35, 1130). 

It is an oily liquid, insoluble in water; in 
odour and toxic properties it resembles (‘hloro- 
form. When heated with alcoholic KOH it 
yields KCI and vinyl chloride, CH2:CHCI, 
and with K it gives H2, KCI and CH2:CHCI 
(Liebig, Annalen, 1835, 14, 37). Heated with 
AICI3 to 80-85° it decomposes to give HCI 
and CgHg (Mouneyrat, Bull. Soc. chim. 1898, 
[iii], 19, 446). With NH3 it forms bases, 
C2H4(NH2)2> (C2H4)2N2H2, etc. Withcthyl- 
amino it yields collidine (trimcthylpyridine, 
C^2(CH3)3N), EtCI and also NHg and 
NEtg (Hofmann, Ber. 1884, 17, 1907). 

It is a good solvent in the laboratory for 
extractions, as it is non-inflammable, does not 
support flame, and only with difficulty forms an 
explosive mixture with air. It is superior to 
CCI4 in its stability to water and steam, and 
hence is not so liable to corrode metallic appa¬ 
ratus. It is used industrially as a solvent for 
natural and synthetic resins in the lacquer 
trade; as an intermediate for vinyl chloride 
resins (Waterman et al., Chem. Weekblad, 1935, 
82. 650; K. Smolensk!, A. 1929, 2929). 

Mixed with CCI4, it is used as a fumigant for 
dried fruit, cereals and other foodstuffs, to 
eliminate larva? and insects; it is safe and 
powerful {see Cotton and Roark, J. Econ. 
Entomol. 1927, 20, 636 ; Hoyt, Ind. Eng. Chem. 
1928, 20, 931). For a bibliography of ethylene 
dichloride (470 refs.), see U.i. Dept. Agr. Misc. 
Publ. 1932, 117, 3. 


Monochloroethylene, CHjtCHCl, vinyl 
chloride; a gas at ordinary temperatures; 
b.p. —18° to —15°; prepared from ethylene 
dichloride and alcoholic KOH, for this purpose 
the two reactants are left in contact for 3-4 
days in the cold, and the mixture is then warmed 
(Regnault, Annalen, 1835, 14, 28); also from 
ethylidene dichloride and alcoholic KOH (Wurtz 
and Frapolli, ibid. 1858, 108, 224); from HCI 
and CgHg, by adding CaCg at 60-95° to HCI 
solution of the Hg salt of a sulphonic acid 
(Plauson, IT.8.P. 1445168, 1923); by passing 
CgHg into HCI containing a Hg salt (Ostro- 
mislensky, U.S.P. 1541174, 1925). it undergoes 
polymerisation when exposed to sunlight and 
gives a solid artificial resin of sp.gr. 1*406 
(Baumann, Annalen, 1872, 163, 317). Vinyl 
chloride is an intermediate in the manufacture 
of vinyl acetate and its resins. 

(1) os-Dichloroethylene, CHgrCCIg; b.p. 

33*5-35° (Jocitsch and Faworsky, J. Russ. 
Phy.s. Chem. Soc. 1898, 80, 098); 37° (Kramer, 
Ber. 1870, 3, 261); 1*250. From 

CH 2 CI*CHCl 2 and alcoholic KOH (Regnault, 
J. pr. Chem. 1878, |ii], 18, 80); from tri- 
chloroethyl acetate in alcoholic solution and 
Zn shavings (J. and F.); from CHClg'CHgCI 
or CCIg-CHa and excess milk of lime at 70-80° 
(B.P. 349872, 1930). It polymerises easily into 
a solid amorphous insoluble substance. 

(2) sym-Dichloroethylene, acetylene di- 
ehloride, CHClrCHCl. Exists in ris- said trans- 
forms (Chavanne, Bull. Soc. chim. Belg. 1917, 
26, 289); cis-, “ dioform,” b.p. 48*35°/760 mm., 
m.p, —50°, d^^ 1*2651 ; trans-, b.p. 60'25°/760 
mm., m.p. —80*5°, d^l 1*2913 (C.); ci«-, b.p. 
48*8°, d 1*2908; trans-, b.p. 59*5°, d 1*3144 
(Herz and Rathmann, Chcm.-Ztg. 1913, 87, 
621). A small amount of Br catalyses the 
intcrconversion of the two forma; equilibrium 
— 20% cis- and 80% trans- (C.). Formed by 
distillation of the compound of CgHg+SbClg 
(Berthelot and Jungfieisch, Annalen, Supple- 
mentband, 1870, 7, 253); by action of Zn on an 
alcoholic solution of CHClBr-CHClBr, or by 
leading CgHg into an aqueous solution of I Cl 
(Sabanejeff, Annalen, 1882, 216, 262); from 

and Fe, AI or Zn and HgO 
(G.P. 216070, 1907; 217554, 1907); from 

C2H2CI4 and steam over metals, e.g. Zn, Fe 
or Al (B.P. 156080, 1919; U.S.P. 1419969, 
1922); by passing CgHgCig over a heated 
surface impregnated with salts of Cu, Ba or 
Fe at 300-500° (B.P. 348346, 1929); from 
C2H2 and CIg in actinic light, controlled so as 
to prevent explosion (Lidholm, G.P. 204516, 
1906); from CgHg and CL in narrow tubes 
(G.P. 264069, 1911); from Cfg and excess CgHj 
by the action of heat (G.P. 264006, 1912); from 
C2H2 and CIg over active carbon at 40°, giving 
mainly trans-, b.p. 48-51° (B.P. 310964, 1929). 

An inflammable liquid; a solvent for crude 
caoutchouc; also used as a refrigerant (B.P. 
237949, 238263, 1924; WaterfiU, Ind. Eng. 
Chem. 1932, 24, 616) {see, for other uses, Vol. 1, 
p. 104). 

Trichloroethylene, CHChCCIa; b.p. 87-4- 
ST-SS"; d\ 1-4904, 1-4598 (Veley, Proc. Eoy. 

Soc. 1910, B. 82. 217); b.p. 86-8-86-07741-8 
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mm., m.p. —83°, 1-4649 (Erdmann, J. pr. 

Chem. 1912 [ii], 85, 78. From isomeric tetra- 
chloroethanes and alcoholic KOH (Berthelot 
and Jungfleisch, Oompt. rend. 1869, 69, 542); 
by action of nascent H (Zn and H 2 SO 4 ) on 
Cji^Clg (Fischer, Jahresber. 1864, 481); from 
anhydrous chloral and P 2 S 5 at 160-171^ 
(Paternb and Oglialoro, Ber. 1874, 7, 81). 
It is prepared industrially from C 2 H 2 CI 4 and 
dry Ca(OH )2 (G.P. 208834, 1907); from 

CaH 2 Cl 4 , Ca(OH) 2 , HgO and NagCOa (U.S.P. 
1397134, 1921) ; by passing C 2 H 2 CI 4 over the 
chlorides of bivalent metals at 300“ (G.P. 
263457, 1912), or over ThOg below 390° 
(G.P. 274782, 1912), or over CuClg at 460° 
(B.P. 302321, 1927); (mixed with CgClg) by 
passing C 2 H 2 CI 4 through a red-hot tube (G.P. 
222622, 1907); from C 2 H 2 CI 4 and a diluent 
(steam) passed over Cu phosphate on pumice at 
450-500° (B.P. 374949, 1930); from C 2 H 2 CI 4 , 
heated with aqueous ammonia under pressure 
or under reflux (B.P. 132755, 1919; U.S.P. 
1343716, 1920). 

It is partly decomposed by steam or 
moisture, but may be stabilised by the addition 
of aliphatic hydrocarbons (U.S.P. 1816895, 
1931). Oxidised by HNOg, giving some 
CHClg-COgH (Boeseken, Bee. trav. chim. 
1913, 82, 15). It may be purified by treatment 
with HgSOj (Swed. P. 51260, 1921). It can be 
used to dehydrate acetic acid azeotropically 
(U.S.P. 1908508, 1933). Gives strongly dis- 
infectant stable emulsions (Rimpau, Z. Hyg. 
1931, 112, 202), used industrially as a solvent 
for fat extractions, etc. Its anaesthetic pro¬ 
perties have been tested. For standards of 
purity, see Tschentke, Ind. Eng. Chem. [Anal.], 
1934, 6 , 21. 

Tetrachloroethylene, CCIgtCCIg, carbon 
diehloridc. Liquid, b.p. 120 - 8 °, 1-624; by 

decomposition of CCL at 600° (Weiser and 
Wightman, J. Phys. Chem. 1919, 23, 415); 
from HCI and CO under high pressure and 
above 400° with Ni, AI and Cu oxides as 
catalysts, other organic chloro- compounds 
are also formed (Thurrn, U.S.P. 1590265, 1926). 
Has been used as an antihelmintic. 

Ethylene chlorohydrin, HO-CHg-CHgCI; 
)9-chloroethylalcohol, glycol chlorohydrin; b.p. 
128° (Wurtz, Annalen, 1859, 110, 125), b.p. 132°, 
51-52°/22 mm., 1-2005 (Henry, Jahresber. 
1889, 1321). From glycol and HCI gas at 100° 
(W.); if excess of HCI be used, C 2 H 4 CI 2 is pro¬ 
duced (Schorlommer, J.C.S. 1881, 39, 143); dry 
HCI is led into glycol kept at 148°, the chloro¬ 
hydrin distils off (Ladenburg, Ber. 1883, 16, 
1408); from glycol and S 2 CI 2 (Carius, Annalen, 
1862, 124, 257); from C 2 H 4 and hypochlorous 
acid (Carius, ibid. 1863, 126, 197; Butlerow, 
ibid. 1867, 144, 40). From C 2 H 4 and HOCl 
prepared from CI 2 and water containing a Cu 
compound (Irvine and Haworth, U.S.P. 1496675, 
1924; see also Frahm, Rec. trav. chim. 1931, 50, 
261). An intermediate for “mustard gas ” ; 
for directions for its manufacture, see Shilov (J. 
Chem. Ind. Russ. 1928, 5, 1273, and Zapadinski, 
ibid. 1426; cf. Gomberg, J. Amer. Chem. Soc. 
1919, 41, 1414). 

A liquid miscible with water, its vapour is 


poisonous (Pratt, Nature, 1930, 126, 995). It 
yields alcohol with Na amalgam and HgO 
(Louren^o, Annalen, 1861, 120, 92), and is 
oxidised by CrOg to chloroacetic acid (Kriwaxin, 
Zeit. Chem. 1871, [ii], 7, 265); with KOH it 
yields ethylene oxide. It can be obtained 
anhydrous by distilling with benzene. 

Formate, /S-chlorethyl formate, a mobile 
liquid, d^® 1-17, b.p. 947760 mm., is obtained 
by the action of HCI gas on gly»-ol diformate 
(Bichowsky, U.JS.P. J488571, 1924). Acetate, 
j 8 -chlorethyl acetate, b.p. 145°, 1-1783; by 

heating a mixture of glycol and acetic ac;id at 
100° with HCI (Simpson, Annalen, 1859, 112, 
147); from CgH^and CHgCl-COgH (Schiitzen- 
berger and Lii)pirian, ibid. 1866, 138, 325); 
from CoH^, Cl., and acetic acid with, e.q., added 
CgHgClg (G.l>“. 362747, 1918). A liquid in¬ 
soluble in water ; a skin irritant. 

Ethylene chlorobromide, CHgCICHgBr; 
b.p. 107-108“ (IfCscoDur, Bull. Soc. chim. 1878, 
[ii], 29, 484); d^^ 1-705 (Montgolfierand Giraud, 
ibid. 1880, [ii], 33, 12). By the action of Br 
upon CHgCi-CHgl (Henry, Annalen, 1870, 156, 
14); from C 2 H 4 Br 2 and SbClg (Lossner, J. pr. 
Chem. 1876, [ii], 13, 421) or C 2 H 4 Br 2 and 
HgClg at 150-180° (M. and G.); by action of 
Br upon CgH^C^OH) at 130° (Demolo, Ber. 
1876, 9, 556). 

Preparation. —First CIg and then C 2 H 4 is 
passed into Bfg, dissolved in a mixture of equal 
volumes of strong HCI and water (James, 
J. pr. Chem. 1886, [ii], 26, 380; Simpson, Proc. 
Roy. Soc. 1878, 27, 118; l)el 6 pine and Ville, 
Bull. Soe. chim. 1920, 27, 673). It is de¬ 
composed by tho action of alcoholic KOH, 
giving C 2 H 3 CI. 

Ethylene chloroiodide, CHXI-CHgl ; 
m.p. —15-6° (von Schneider, Z. physikal. Chem. 
1896, 19, 157); b.p. 140® (Sorokin, Zeit. Chem. 
1870, 519), 140-1° (corr.) (Thorpe, J.C.S. 1880, 
37, 189), 137-138° (Meyer and Wurster, Ber. 
1873, 6, 964); d® 2-151 (Sim.), d® 2-16439, 
2-13363 (T.). Prepared from CHgl’CHgl 
and I Cl; from C 2 H 4 and an aqueous solution 
of I Cl (Simpson, Proc. Roy. Soc. 1862-3, 12, 
278). It is decomposed by alcoholic KOH into 
HI and CHg.CHCl. Nascent H gives HCI, 
HI and CgH.; HI solution yields C 2 H 4 and 
C 2 H 4 I 2 (Sorokin, l.c.). Ag^O at 160° produces 
glycol (Simpson, l.c.); finely divided Ag at 
160° yields C 2 H 4 and CHgCI-CHgCI (Friedel 
and Silva, Bull. Soc. chim. 1872, [ii], 17, 
242). 

Ethylene Cyanate and Cyanide. 

Ethylene isocyanate, (CH 2 *NCO) 2 ; b.p. 
75°/25 mm., l05°/30 mm. By the action of 
NaNOa on (CHgXO-NH-NH 2)2 (Curtius and 
Hechten berg, J. pr. Chem. 1922-3, 105, 289). 
With Eton it gives (CHjNH-COgEUa, 
m.p. 113°, and with HjO it gives ethylene 
CHj-NHv 

urea, j ^CO, m.p. 131°. 

CH -NH^^ 

Ethylene cyanhydrin, CHgOH-CHgCN; 

b.p. 220-222°/723-5 mm., 107-109°/12 mm., 
d® 1-0588. By long digestion of ethylene oxide 
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with anhydrous HCN at 50-60® (Erlcnmeycr, 
Annalon, 1878, 191, 273); from ethylonn 
chlorhydrin and aqueous KCN at 45°, yield 
80% (Bauer, U.S.P. 1388016, 1921; Organic 
Syntheses, 1923,3, 57). It forms a chloride with 
PCIg or SOCIg; b.p. 174-1767752 mm., 
85-87°/20 mm.; Chapman and Stephen, J.C.S. 
1925, 127, 885); M443 (Henry, Bull. 

Acad. Roy. Belg. 1898, [iii], 35, 360). 

Ethylene cyanide, CHgCN CHoCN; suc- 
cinonitrile; m.p. 54-5° (Nc'vole and Tehcrniac, 
Bull. Soc. chirn. 1878, (iij, 30, 101), 51-52'' 
(HtMiry, 77 nV/. 188r),[iiJ,43,6I8); h.p.flccomp./760 
mm., 158-1607-0 mm, (Pinner, Bor. 1883, 16, 
360), 265-267° (Henry, /.r.); sp.gr. 1*023/45°. 
Emm reOnxed with alcoholic KCN 

(Simpson, i*roc. Roy. Soc. 1859/60, 10, 574); 
from the elecitrolysis of K cyanacetale (Moore, 
Ber. 1871, 4, 520). A white amorphous mass 
soluble in HgO, EtOH and CHCI3, loss so in 
CSg and Ei^O; KOH or HCI gives NH 3 and 
succinic acid ; with AgNO^ it forms plates of 
the explosive compound C 2 H 4 {CN) 2 * 4 AgN 03 , 
soluble in HgO and EtOH (Simpson, Phil. 
Trans. 1861, 151, 64). 


Ethylene Amines. 

Ethylenediamine, HoNCHg-CHg-N Ho. 
m.p. 8*5°, b.p. 116*5®, (P^ 0*902 (Kraut, 
Annalen, 1882, 212, 251). By heating 

C 2 H 4 CI 2 or C 2 H 4 Br 2 with alcoholic NH 3 at 
100° (Cloez, J.C.S. 1853, 5, 468); by the distilla¬ 
tion of a^-diaminopropionic acid (Neuberg, 
Z. physiol. Chem. 1903, 45, 110 ). 

Preparation. —By heating CgH^CIg and 
aqueous N H g under pressure at 115-120° (Kraut, 

l. C.; cf. Hofmann, Ber. 1871, 4, 666 ); tech¬ 
nically from C 2 H 4 CI 2 and excess NH3, the 
product being continuously removed (U.S.P. 
1832534, 1931). 

It is a viscous liquid with a faint ammoniacal 
odour, soluble in H 2 O, immiscible with EtgO 
or CgHg ; the hydrate, [CHg'NHglg.HgO, m.p. 
10 °, b.p. 118°, can be freed from water by 
distillation over Na or by heating to 200 ° in 
vacuo [ZnC 2 H 4 (NH,) 2 ]C 20 , from ethylene- 
diamine hydrate and Zn oxalate (Bailar, 
J. Amer. Chem. Soc. 1934, 56, 955). Oxidised 
to glyoxime by Caro’s acid (Bamberger and 
Scligman, Ber. 1903, 36, 3831). With HOCI 
or HOBr it yields tctrachloro- or tetra- 
bromo-dcrivatives, e.g. Br 2 N*C 2 H 4 *N BPg 
(Chattaway, J.C.S. 1905, 87, 381). HNOg gives 
ethylene oxide and oxalic acid (Hofmann, J.C.S. 
1859, 11, 386). It is a strong base and forms 
salts, B,2HCi, long silvery needles insoluble in 
alcohol; with CSg gives C 2 H 4 (NH 2 ) 2 -CS 2 , 
crystals soluble in HgO, insoluble in EtOH 
or EtjO; B*2HCI*PtCl4, yellow leaflets, 
slightly soluble in HgO (Griess and Martius, 
Annalen, 1861, 120, 327); B-2HCNS, m.p. 
154°, largo prisms, very soluble in HgO (Hof¬ 
mann, Ber. 1872, 5, 245); periodide, B*HM 4 , 

m. p. 218°. The aqueous solution of the base 
dissolves Cu(OH )2 (Traube, ibid. 1921, 54, 
3319). It yields numerous complexes with 
metallic salts, forming chelate rings; it is 
usually written as “ en ” in their formulas. 


Ethylenediethylamine, 

EtNH*CH2CH2NHEt, 

b.p. 149-150° (Schneider, Ber. 1895, 28, 3077); 
from C 2 H 4 (NH 2)2 and EtI, or from C 2 H 4 Br 2 
and NHgEt (Hofmann, Jahresber. 1859, 389). 
It forms a solid hydrate, B'HgO (Hinsberg 
.and Strupler, Annalen, 1895, 287, 222). 
Ethylene-os-dlethyidiamine, 

NH2CH2CH2*NEt2, 

a mobile licpiid, b.p. 145°; dU'.l 0*827; from 
^-l>r<)niocthyl])htIialinncl(i ami NHEto, followed 
by hydrolysis of the condensation product, 
Et 2 NCH 2 CH 2 'NICOJ 2 CrtH 4 . It yields a 
jdatinichloridc, m.p. 230°; an aurochloridr, 
m.p. 161-163°; and a picr.ate, m.p. 211 ° 
(Ristenpart, Ber. 1896, 29, 2526). 
Diethylenediamine, jnperazin e, 



m.p. 104°, b.p. 145-146°; a hydrate, B- 6 H 20 , 
m.p. 44°. Erom C 2 H 4 CI 2 and ah'oholic NH 3 
(Natanson, Annalen, 1856, 98, 291); from 
sodium ethylene glycoxide and acid deriva¬ 
tives of C 2 H 4 (NH 2)2 by heating at 250-350° 
(G.P. 67811) ; by heating the Na-compound 
of a sym-diacyl othylencdiamine with .an¬ 
hydrous glycol or C 2 H 4 Br 2 at 200° (G.P. 
73354) ; by reduction of ethylene oxarnide 
with Zn dust and NaOH (G.P. 66461). Eor 
other methods of preparation, see G.P. 70055, 
1891; 70056,1891; 73125,1893; 74628,1892; 
79121, 1893; 98031, 1897; 100232, 1897; 

also J^ratt and Young, J. Amer. Chem. Soe. 
1918,40,1428. 

It is not changed by heating with HCI or 
H 2 SO 4 .at 200°. 'Witli COCL at 50° it forms 
carhonyldipiperazino (Herz, Bor. 1897, 30, 

1585). Periodide, B 2 HM 4 * 3 H 20 , m.p. 
283°; the anhydrous periodide melts at 280° 
(Herz, Ber. 1897, 30, 1585). Piperazine 

reacts with 2 mol. HOBr to form an additive 
compound which, with dilute NaOH, yields 
N-dihromopiperazino (Ch.attaway, J.C.S. 1905, 
87, 951). With an excess of EtI at 100° it 
gives triethyl piperazonium iodide, m.p. 240°, 
colourless needles, insoluble in cold HgO, 
soluble in warm EtOH (Van Rijn, Chem. Zentr. 
1898, I, 727). 

The substance and its salts {e.g. cinchoninic 
acid salts, Ornstein, U.S.P. 2008923, 1935) have 
been prescribed for arthritis and rheumatism. 
With ethylene oxides it gives substances with 
local anaesthetic properties (Eourneau ct al.. 
Bull. Soc. chim. 1920, fiv], 45, 1172; 1930, 
[iv], 47, 1003; Kusner, Ukrain. Chem. J. 1932, 
7, [Sci.], 179; cf. Braker and Christiansen, J. 
Amor. Pharra. Assoc. 1933, 22, 950). 

Aldehydes yield N-alkyl derivatives (Eorsee 
and Pollard, J. Amer. Chem. Soc. 1935, 67, 
1788). 

Triethylenediamlne, (C 2 H 4 ) 3 N 2 , b.p. 
210° ; soluble in water (Hofmann, Proc. Roy. 
Soc. 1859, 9, 153 ; cf, Harries, Annalen, 1897, 
294, 350). 

** DiethyIenetrlamIne,''/5j3'-diaminodiothyl- 

amine, NH 2 *CaH 4 NH C 2 H 4 NHa, b.p. 208® 
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(slight decomposition). Formed with other 
substances by the action of NHg upon 
CgH^Brj; separated from triethylenetriamine, 
by its less soluble PtCI^ salt (Hofmann, 
Jahresber. 1801, 514); from NHlCHg-CHgCIJg 
and potassium j)hthalimide, followed by 
hydrolysis (Mann, d.C.S. 1934, 461). 

A strongly alkaline liquid miscible with water 
and EtOH. Its salts are soluble in water; 
p1atinichloridc,2[(C2H4)2-N3H5,3HCI]3PtCl4; 
golden-yellow needles. 

“ Triethylenetriamine,” probably j3- 
ami Hoel hyij) ijuraz ine, 

C H • 

^ '>NH 

CgH / 

b.p. 210^ (Mann, ihul. 402; Hofmami, /.r.). 

Tetraethylenetriamine, (C2H4)4N3H3; 
among the products of the action of alcoholic 
NH3 on CoH^BPg (Hofmann, Ber. 1870, 3, 
702); forms three scries of salts with 1, 2 or 3 
mol. of monobasic acid; the hydrobromidcs 
are amorphous and sparingly soluble. 

Triethylenetetramine, 

NH2C2H4NHC2H4NHC2H4NH2, 
m.p. 12", b-ii. 200-207°, 0-9817, a strongly 

alkaline syrup; from C2H4CI2 and 
or from C2H4Br2 and alcoholic 
NHg (Hofmann, Jahresber. 1801, 519); the 
platinichloridc, B-2H2PtClg, is a yellow 
amorphous powder, almost insoluble in HgO. 

Ethylene Glycols. 

(1) Ethylene glycol, glycol, 1-2-etlianedioh 
HO-HgC-CHgOH, m.p. -17-4 to -11-5° 
(Taylor and Rinkenbach, Ind. Eng. Chem. 1920, 
18, 070); —12-0° (Timmermans and Henaut- 
Roland, J. Chim. Phys, 1935, 32, 50); b.p. 
197-27700 mm. (T. and R.), 197-85° (T. and 
H.-R.); JO M27, ^20 Ml32, 1.09137, 

1-05228, 1-01273, d^®® 0-98113; v.p. 

27 rnm./105°, 53/125°, 152/150°, 309/175° (T. 
and R.); d\® 1-1171 (T. and H.-R.). 

Discovered by Wurtz (Compt. rend. 1850, 43, 
199). Formed by the action of KOH upon 
ethylene diacetate (W.); by heating ethylene 
monoacetate with BaO or HgO in a sealed 
tube (Debus, Annalen, 1859, 110, 316); by 
heating a strong aqueous solution of neurinc 
(CH2:CHNMe3-OH), when glycol and NMeg 
are formed (Wurtz, ibid. 1868, Buppl. 6, 200); by 
heating C2H4CI2 or C2H4Br2 with PbO and 15- 
20 times its volume of H2O at 140-170° (Eltc- 
kow, Ber. 1873, 6, 558); from C2H4Br2 and 
water at 140-150° (Niederist, Annalen, 1877,186, 
393), together with polyethylene glycols, by the 
action of water upon ethylene oxide in a scaled 
tube (Wurtz, ibid. 1860, 113, 255). 

Preparation. —(1) 600 g. C2H4Br2, 700 g. 
fused potassium acetate and 1,500 g. EtOH 
(sp.gr. 0-83) are heated under reflux. The 
crude acetate distilling above 140° is saponified 
by heating with BaO, the product is dissolved 
in EtOH+EtgO, filtered and rectified (Erlen- 
meyer, Annalen, 1878, 192, 244); 188 g. 

138 g. K2COg, and 1 1. HgO are 
refluxed for 10 hours, evaporated, filtered from 


KBr and distilled. Some loss is duo to forma¬ 
tion of CH2:CHBr (Zeller and Huffner, J. pr. 
Chem. 1875, [ii], 11, 229), For an improvement, 
c/. Haworth and Perkin (J.C.S. 1890, 69, 175). 
Henry (Rcc. trav. chim. 1899, 18, 221) saponi¬ 
fied ethylene diacetate with Ca(OH)2, yield 
93% of theory; previously he had used 
alcoholysis (Bull. Acad. Roy. Belg. 1890, [iii], 
32, 402). 1 mol. C2H4CI2, 5 vol. MeOH 

and 3 mol. of sodium format*^ are heated 
165-170° in an autoclave for 7 hours; the 
MeOH is then distilled at ordinary pressure, 
the glycol iindtT reduced pn-ssuro (Brooks 
and Humphrey, Tnd. Eng. Chern. 1917, 9, 
750). 

Glycol is prepared by heating C2H4CI2 with 
FCgOg and HgO uiub-r pressure (Hough, LbS.P. 
1200222, 1910); from C2H4CI2 by hydrolysis 
under pressure with NaCOg or NaHCOg, 
HgO and Cu (Matter, U.8.P.'1237070, 1917); 
by hydrolysis of C0H4CI2 with NagCOg, 
NaOAc, EtOH and HgO under pressure 
at 150° (Rodcl)ush, U.S.P. 1402317, 1922); 
from thediaectate, EtOH, and a catalyst, giving 
glycol and EtOAc (Rodebush, U.S.P. 1454604, 
1923: from C2H4(OH)CI by hydrolysis with 
NaHCO.j (F.P. 458733, 1912); or NagCOg or 
NaOH (B.P. 280850,1927); by the electrolytic 
oxidation of C2H4 in a diaphragm cell (M(;Elroy, 
U.S.P. 1253617, 1918); from C2H4(OH)CI with 
CaCOg or Ca(HC03)2 (F.P. 012825, 1920). 
Hydrolysis of C2H4CI2 with HgO and BaCOg in 
an anto(‘lave at 160-180° gives glycol and 
CHg-CHO (Askenasy and Heller, U.IS.P. 
1928240, 1933). 

Glycol is a colourless, odourless, viscous liquid 
w'ith a sw^eet taste, miscible with HgO and 
EtOH, hut 100 parts EtgO dissolve only 
1-1 part. It dissolves NaCI, ZnClg and many 
other chlorides, also KgCOg, KOH and 
Ca(OH)2. Oxidising agents, e.y. Pt black, 
form glycollic acid; HNOg gives glycollie, 
glyoxylic and oxalic acids (Debus, Annalen, 
1859, 110, 310). With HgOg and FeS 04 it 
gives CHg-CHO (Ncuberg and Bewald, 
Biochem. Z. 1914, 67, 127) and glycollic alde¬ 
hyde (Kenton and Jackson, J.C.S. 1899, 75, 75). 
Solid KOH at 250° gives potassium oxalate and 
hydrogen (Wurtz). A large excess of HgO at 
2()0-2J0° yields CHg-CHO (Nevole, Bull. Soc. 
chim. 1876, [ii], 25, 289). ZnClg at 250° 
decomposes glycol into CHg-CHO, crotonalde- 
hyde and water. Electrolysis of a sulphuric 
acid solution of glycol yields formic acid, 
formaldehyde, COg, traces of a sugar and a 
non-volatilo acid, not glycollic (Lob and 
Pulvormachor, Z. Elektrochem. 1910, 16, 8). 
Heated with aldehydes, glycol yields rytdic 
/^O-CHg 

acetals; e.gf. CgHi3’CH<^ | , b.p. 180°, 

\0~CH2 

from oonanthaldchyde (Loohert, Bull. Soc. chim. 
1887, [ii], 48, 337, 716). Sodium forms sodium 
P-hydroxyethoxuk, C2H4(OH)(ONa), a white, 
crystalline, deliquescent substance, which at 
190° with Na yields sodium glycoxidc, 
C2H4(ONa)2. Na or Li dissolved in liquid 
NHg forms the )3-hydroxyethoxido, which when 
heated in Hg at 105° yields the glycoxido (Chab- 
lay, Compt. rend. 1912, 154, 1507). 
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Bacterium ac^ti converts glycol into glycoUio 
acid; the action soon ceases unless the acid is 
neutralised by adding CaCOo (Brown, .J.C.S. 
1887, 61, 638). 

NH^CI and glycol at 300-400° yield collidmes 
(Hofmann, Ber. 1884, 17, 1905). COCIg con¬ 
verts glycol at ordinary temperatures into a 
stable carbonate^ CO[OCH2]2» needles, soluble 
in HgO, EtOH and EtgO (Nemirowsky, J. pr. 
Chem. 1883, fii], 28, 439); the same compound 
may be obtained from glycol and ethyl chloro- 
formate in the presence of pyridine {Allpress and 
Maw, J.C.S. 1924, 126, 2259). Heated with 
formic acid or with oxalic acid, it gives glycol 
difor7niny C2H4(0'C0-Hlg, b.p. 174°; in the 
latter case formic acid is also produced. With 
mineral acids or dehydrating agents it yields 
chiefly diethylene diether (dioxan), with some 
acetaldehyde and ethylidene ethylene ether 
(Faworsky, J. Buss. Phys. (^hem. Soc. 1906, 38, 
741). 

Glycol gives a cyclic oxalate, 

CH2 O CO 

I I 

CHjOCO 

m.p. 160-162°, b.p. 175°/5mm. (Tilitschejew, Ber. 
1923, 66, 2218). Also a cyclic succinate from the 
acid and glycol distilled together ; yield 90%, 
m.p. 88-89° (Tilitschejew, J. Russ. Phys. Chem. 
Soc. 1925, 57, 143). The monostearate has 
m.p. 58*5°, the distearate m.p. 76*0°; the mono- 
palmitato has m.p. 51-5°, the dipalmitate 
m.p. 68-7° (Ruttan and Roebuck, Trans. Roy. 
Soc. Canada, 1915, 9, 1). For esters of several 
aromatic acids, see Crotffher and Pittengcr, J. 
Araer. C!hem. Soc. 1925, 47, 2560. The di¬ 
acrylate and di-a-methylacrylate polymerise 
to give useful infusible resins (B.P. 423790, 
1933). 

Glycol has some use as a substitute for glycerol 
as a solvent {e.g. Wolff, Seifenfabr. 1920, 40, 245). 
As an antifreeze liquid it has advantages over 
EtOH and glycerol. It can be used as a 
preservative against bacterial, yeast or mould 
growth, being almost as efficient as EtOH, and 
more so than glycerol. 

Glycol and glycerol can be distinguished thus 
(de Coninck, Bull. Acad. Roy. Bolg. 1905, 
360): uranyl sulphate is dissolved in a small 
quantity of water, excess of ethylene glycol is 
added, and the whole is placed in a flask and 
exposed to sunlight. In 2 hours the liquid 
becomes green, and in 2J hours uranous sulphate 
is precipitated. With glycerol no such colora¬ 
tion or precipitation takes place. 

Oxidation of glycol with bromine water, 
removal of excess bromine, and addition of 
R-acid in cone. H2SO4, gives a blue ring sur¬ 
mounted by a yellow one (Thomas and Miesa, 
Chem. Zentr. 1925, 1, 136). For the micro¬ 
chemical detection of glycol, see Alber, Mikro- 
chem. 1929, [ii], 1, 21. 

Glycol Ethees. 

These are much used as cheap industrial 
solvents. The mono-ethers may be made by 
the action of sodium alkoxides on ethylene oxide 
or chlorohydrin (Cretcher and Pittenger, J. Amer. 
Chem. Soc. 1924, 46, 1503), and by special 


methods {see below). These substances are 
toxic. 

(1) Glycol monoethyl ether.—Thisisknown 

as “ Cellosolve,” b.p. 135°, 0*935, refractive 

index 1*4042. It may be made as above; or 
from glycol, caustics soda and diethyl sulphate 
(U.S.P. 1614883, 1927); or from ethylene oxide 
and alcohol under pressure (U.S.P. 1696874, 
1928 ; with Zn, Ni or Cr sulphate catalyst, 
B.P. 322037, 1928). 

It is a colourless, odourless liquid, and a 
valuable solvent for cellulose nitrate, cellulose 
acetate, rosins, oils and gums {see Carleton 
Ffllis, “The Chemistry of Petroleum Deriva¬ 
tives,” Chemical Catalog Co.). 

Glycol etliev. b.p. 

Monoiaopropyl ether: 144°/743 mm. 0-9115 

Mono-a-propyl ether : 150"/743 mm. 0-9141 

Mono2\yobutyl ether: 158-8”/743 mm. 0-8950 

Mono-w-butyl ether : ]70-6‘7743 mm. 0-9011 

Amyl ether: 18r7745 mm. 0-8926 

(Cretcher and Pittenger, l.c.). 

Tertiarj’^ others may be formed from tertiary 
olefins and glycol (U.S.P. 1968033, 1934; 

Evans and Ecllund, Ind. Eng. Chem. 1936, 28, 
1186). 

Ethylene ieH-dibutyl ether : b.p. 171°. 

Ethylene methyl/erf-dibutyl ether : b.p. 131-132°. 
Ethylene ethyl/er^dibutyl ether ; b.p. 147*5°, 
Ethylene monoamyl ether : b.p. 50-53°/3 mm. 
Ethlcnc phenyH«oamyl ether: b.p. 118°/2 mm. 

For other ethers, see von Duzee and Adkins, 
J. Amor. Chem. Soc. 1935, 57, 147. 

(2) Diethylene glycol, /SjS'-dihydroxydi- 
ethyl ether. HO-CHaCHg-O-CHg-CHgOH, 
b.p. 244*5°/760 mm. (extrapolated), m.p. 
~10*45°+0-05°, d\l 1*1212 (Rinkenbach, Ind. 
Eng. Chem. 1927, 19, 474; numerous tables of 
properties). From ethylene oxide and water or, 
better, ethylene oxide and glycol at 100° 
(Wurtz); from glycol and CgH^BCg or 
C2H4(OH)Br at 115-120° (Lourengo, Ann. 
Chim. Phys. 1863, [iiij, 67, 275 ); by the action 
of glycol monoacetate upon sodium glycoxide at 
1,30-140° (Mohs, Zeitsch. Chem. 1866, [ii], 2, 
495). 

It is a viscous, odourless liquid, and has a 
sweetish, burning taste; freely miscible with 
HgO, EtOH, C2H4(0H)2, AcOH, C5H5N, 
CHClgand PhNHg, but immiscible with Et20, 
CgHg, PhMe, CSg and CCI4. Rapidly 
absorbs HgO when exposed to air, but undergoes 
no hydrolysis (Rinkenbach). 

Concentrated HI at 100° forms C2H4I2; 
HNO3 oxidises it to glycollic acid, oxalic 
acid and diglycollic acid (C4HQO5). Heated 
with H2SO4, it gives dioxan (U.S.P. 1681861, 
1928). 

It is used as a solvent in cellulose nitrate 
compositions, but does not dissolve varnish 
gums. Its mixed esters with lower and higher 
fatty acids are useful as fixatives for perfumes 
(U.S.P. 1807304, 1931). 

The corresponding chlorohydrin^ C4H2O2CI, 
b.p. 180-185° (L.), 190-200° (W.), is formed by 
leading HCI into ethylene oxide, or from 
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ethylene oxide and ethylene chlorohydrin at 140° 
(Wurtz, Ann. Chim. Phys. 1863, [iii], 69, 338); 
1 mol. of ethylene chlorohydrin and 2 mol. of 
glycol are heated at 140'^ cooled, saturated 
with HCI and again heated at 100® (L., 
ibid. 1863, [iii], 67, 290); a liquid soluble in 
water. The hromohydrin^ b.p. 205", is pre¬ 
pared from glycol and ethylene bromide at 
160® (L.). 

The dimethyl ether lias b.p. 16P/757 mm. 
(Gallaugher and Hibbert, J. Amer. Chem. Soc. 
1936, 68, 813). The monoethyl ether, “ Car- 
bitol,” b.p. 201°, is a lacquer solvent. The 
teTthutyl ether has b.p. lS°l2-3 mm. (II.8.P. 
1968033, 1934). For aromatic esters of its 
monoalkyl ethers, see Conn, Collett and Lazzell, 
.1. Amer. Chem. 8oc. 1932, 54, 4370. 

The diriitrate, preparation as for glyceryl 
trinitrate (Hough, IJ.S.P. 1936020, 1933), 

is a colourless, odourless li(pnd, completely 
mis(!ible with nitroglycerin, glycol dinitrate, 
EtgO, acetone, MeOH, CHCI3, CgH^, 
PhNHg, glyeol diacctato and AcOH, but 
almost immiscible with EtOH, CCI4 and 
CSg ; m.p. —11-3°, djg 1-3908. It is only slightly 
hygroscopic and is less sensitive to shock tlian 
nitroglycerin and glyeol dinitrate, but in 
mixtures with these is a good explosive. Its 
physiologic^al effect is much less marked than 
that of nitrogly('erin (Rinkenbacdi, Ind. Eng. 
Chem. 1927, 19, 925; ibid. 1931, 23, 160); 
it may be added to nitroglycerin to decrease its 
sensitivity (U.S.P. 1686344, 1928). 

(3) Polyethylene glycols.—The fractional 
distillation of the product obtained by heating 
dicthylcno glycol with 0 3% Ig at 190° gives tri-, 
tetra- and penta-ethylene glycols. The higher 
members are best obtained by the interaction 
of a mono- N a derivative of a glycol (from 
NaOMe in MeOH , or Na, on excess of glycol 1 
at high temperature) with an caco'-dichloro- 
derivative of a glycol. Thus are obtained tetra-, 
liexa-, octa- and deca-ethylene glycols (Ik^ry 
and Hibbert, Canad. J. Res. 1936, 14, R, 77; 
Gallaugher and Hibbert, J. Amer. Chem, Soc, 
1936, 68, 813). 

Triethylene glycol, CgHi404 ; b.p. ]15*5- 
117°/0*1 mm., m.p. —9*4", liquid miscible 
with EtOH and HgO, oxidised by HNO3, 
to diglycol-ethylenic acid, CgHj^Og (L.; 
W.). Chlorohydrin, CgHigOsCI, b.p. 222- 
232° (L.). Bromohydrin, CgH^gOgBr, b.p. 
250° (decomp.) (L.). 

Tetra-, CgH^gOg, b.p. 144-145’570*1 mm., 
m.p. —9*40. Chlorohydrin, CgH „o,ci, b.p. 
136-136°/0-94 mm., m.p. —54°. Soluble in 
water (L.). Dichloride, CgHjgOgClg, b.p. 
107-5-108 r)/l mm. 

Penta-, CigHgoOg, b.p. 174-176°/0-14 mm., 
m.p. —8*7°. Soluble in HgO, EtOH and 
EtjO (L.). 

Hexa-, C,jH 2,0„ b.p. 203-20570-3 inm , 
m.p. T3°; dichloride, b.p. 146-5-148°/l mm. 

IJepta-, C14H3QO8, b.p. 241-244°/0'6 mm., 
m.p. 7-7°. 

Octa-, CieH5403, b.p. 206-209°/0015-0018 
mm.; dichloride, b.p. 199-5-202°/3-4 mm. 

Deca-, CjioH420ii, b.p. 220-223°/0-01 mm.; 
dichloride, b.p. 205-*208°/0*015 mm. 


b.p. 65- 


acid, 

40% 


Ethyleneimine, ^ ^NH, 

56-5°; from HO HgC CH 
at 250° -> )3-aminoethyl-Rulphonic 
NHgCHgCHgSOgH, boiled with 
NaOH “^[CHgjgHH (Wonker, J. Amer. Chem. 
Soc. 1935, 67, 2328). 

Ethylene diiodide, CHgI CHgl, m.p. 81-82° 
(Aronstcin and Kramps, Her. 1880, 13, 489); 
d 2-07 ; from C2H4 and 12 in sunlight (Faraday), 
or heated (Regnault, Annalen, 1835, 15, 67); 
a mixture of 12 and absolute alctdiol is saturated 
w ith C2H4 with repeated agitation (Semenow, 
Jahresber. 1864, 483). Flates or prisms 

decom])08ed by heating; heated with EtOH 
to 70°, C2H4l-OEt is formed; HgCl2 gives 
in the cold C2H4ICI, and on heating C2H4CI2 
(Maumene, d.C.S. 1869, 22, 345); alcoholic 
KOH converts it into CgHgl (Regnault, 
Annalen, 1835, 15, 63). Ethylene iodohydrin, 
CH2lCH.yOH ; from C2H4(6H)2 and gaseous 
HI (Simpson, Annalen, I860, 113, 121); by 
heating ethylene chlorohydrin with Kl (Biitlerow 
and (issokin, ibid. 1867, 144, 42). Oil, b.p. 
85725 mm.; 2-1649. 

Ethylene di nitrate, dinitroglycol 
(CH2-0N02)2 {'C. ExPLOsrvKS, this Vol.. p. 489). 

Nitroe.thylene, CH2:CH-N02, b.p. (KS-5°, 

1*073 ; prepared in 50% yield by the dehydration 
of )3-nitroethyl alcohol, HO-CHgCHg'NOo (r. 
infra), by PgOg or NaHS04is a faintly yellow 
liquid, with an exceedingly irritant action upon 
the mucous membrane. It readily undergoes 
polymerisation with water; with alkali the 
change occurs with explosive violence. It com¬ 
bines with bromine in Et20, yielding nitro- 
ethyhme dibromide, a colourless li(]uid with b.p. 
97721 mm. With P h N H 2 it gives /3-nitroethyl- 
aniline, PhNH-CHg-CHg-NOg* tsolourless leaf¬ 
lets, m.p. 37° (Wielaiid and Sakellarios, Ber. 
1919, 52,1B], 898). 

When ethylene is passed into an ice-cold 
mixture of 50g. nitric acid (d 1 -4) and lOOg. 20% 
oleum, and the mixture then diluted and steam 
distilled, it yields ethylene dinitrate and jS- 
nitroethyl nitrate, OoN-CHg'CHg’ONOg, a 
colourless, poisonous oil, b.p. 120-122°/17 mm., 
d^® 1-468, converted by PgOg intonitroethylone. 
8-Nitroethyl alcohol is a colourless, odourless 
liquid, b.p. 103°/ll-5 mm., d^®-® 1-309, miscible 
with HgO, EtOH and EtgO ; it is obtained by 
the action of AgNOg upon C 2 H 4 l(OH) 
(Wieland and Sakellarios, ibid. 1920, 53, [Bl, 
201 ). 

CHgx 

Ethylene oxide, | ; h.p. 12 5°; 

CHg-^ 

d\ 0-8909, d]J 0*8824. Prepared from 
C2H4(0H)CI and KOH (Wurtz, Annalen, 
1859, 110, 125); from C2H4I2 and AggO at 
150°, and C2H4Br2 and AggO at 250°; from 
H4Br2 and Na20 at 180° (Greene, Jahresber. 
1877, 522); from cjhloroethyl acetate and 
KOH (Demole, Annalen, 1874, 173, 126; 
Roithner, Monatsh. 1894, 15, 666); by slow 
addition of aqueous chlorohydrin to CaO under 
reflux: yield 90% (A. 1935, 194). It is 

manufactured from CoH4(OH)CI in various 
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ways: the vapour and steam are passed into a 
packed tower meeting a counter-current of 
concentrated NaOH (B.P. 280850, 1927); 

and NaOH solution at 10-20°, 
and introduced into a packed colunm at 35-50° 
under 95-J05 mm. pressure, when the oxide 
separates and is distilled (B.P. 374804, 1931 ; 
cf. G.P. 403043,1921); from /S-cIiIoroethylacetate 
and aqueous alkali at 40-150° (U.S.P. 2022182, 
1935), and from C2H4, air and an inert gas 
(CO2) by passage over Ag, Ag-Au or Ag-Cu 
catalysts at 300-400° under pressure (B.P. 
431900, 1934; 434011, 1935). A pleasant- 

smelling liquid, miscible with HgO; heated with 
HgO under pressure, it yiehis glycol and poly¬ 
ethylene glycols, it has basic juoperties, but 
no alkaline reaction. It combines with acids 
and precipitates the hydroxides from solutions 
of Mg, Al, Fe and Cu salts. Na amalgam 
reduces it to EtOH ; Pt black oxidises it to 
glycollic acid; PCI5 gives CHgCI-CH.^CI 
(Wurtz, Ann. Ohim. lOjys. 1805, [iiil, 69, 317, 
355). It forms a crystalline moiiohydratc, 
m.p. 12° (Tchitchibabirie et al., f/ompt. rend. 
1935, 200, 242). Equimolccujlar quantities of 
C2H4O and Br at 0° give CjjH4(OH)Br, 
C2H4Br2 and other substances, but when 
excess of the oxide is present, large rcid or small 
yellow prisms of (C2H40)2Br2 are formed, 
m.p. 05°, b.p. 95° (decoinp.), insoluble in HgO, 
soluble in EtOH; HgS or Hg removes Br, 
forming dioxan {v, infra). Long contact with 
ZnClg or KOH gives a polymeriJe, m.p. 50°, 
insoluble in EtgO (Wurtz, Bull. »Soc. ebim. 
1878, fii], 29, 530). With (irignard compounds 
it yields )3-substitutcd ethyl alcohols. 

It has come into considerable use in recent 
years as a fumigant against insect pests, for 
foodstuffs and living quarters; it is best 
used in mixture with COg, as “ earboxidc gas,” 
” T-gas ” (Cotton and Uoark, Tnd. Kng. Chem. 
1928, 20, 805; Buss, ibid. 1930, 22, 220; Back, 
Cotton and Ellington, J. Econ. Entoraol. 1930, 
23, 220; B.P. 318898, 1928; fSudeiidorf and 
Kroger, Chem.-Ztg. 1931, 56, 549; Haso, B. 
1933, 290). It is estimated in air by absorption 
in dilute HCI containing NaCI, the solution 
is heated at 70° to decompose to chlorohydrin, 
and the excess of HCI is titrated (Deckei-t, Z. 
anal. Chem. 1930, 82, 297). MgClg or MgBfg 
is preferable to NaCI (Lubatti, J.iS.C.I. 1932, 
51, 361T; 1935, 54, 424T). For its determina¬ 
tion when mixed with CO 2 in cylinders, see 
Brown, J.S.C.I. 1936, 55, 32rr. Chloroethylene 
CHCI 

oxide, I ^ O; b.p. 70-80"; from acety- 


CHa^ 

Icnc chloroiodide, CHChCHI, by prolonged 
boating with 40-50 vol. HgO at 200-220° 
(Sabanejeff, Annalen, 1883, 216, 208); sparingly 
soluble in HgO. Bromoelhylene oxide, 

CHBr 

I ^9-92°; from )3j8-dibromo- 

C Hg*^ 

ethanol, CHBrg-CHg'OH, and KOH (Demole, 
Ber. 1876, 9, 61); soluble in HgO. 

CHg-O. 

Ethylene ozonldet | b.p. 

CHg—0/ 

18°yi6 mm.; from liquid 


O3. Colourless explosive oil, with an intense 
odour; with NaOH yields HCHO with ex¬ 
plosive violence; with HgO gives HoOg, 
HCHO and HCOgH (Harries and Koetschau, 
ibid. 1909, 42, 3305). 

CHg O CHg 

Diethylene dioxide, dioxan, | | 

CHg O CHg 

liquid, its odour resembles butyl alcohol; 
m.p. 11° (Beid and Hofmann, Ind. Eng. Chem. 
1929, 21, 095); 11-07° (Oxford, Biochem. J. 
1934, 28, 1325); 12-5~13 0° (Eigenberger, J. pr. 
Chem. 1931, [ii], 130, 75); b.p. 10M° (R. and 
H.), 101-4° (0.); 1-0338; 1-4232 (B. 

and H.). From (CgH4)202“Bfg [v. supra) and 
Hg, and final distillation, over KOH (Wurtz, 
Ann. Chirn. Phys. 1803, [iii], 69, 323); from 
glyrol and ferric sulphate (van Alj)hen, Bee. 
trav. chilli. 1930, 49, 1040). Technically, by 
beating glycol (25 parts), diethylcne glyixil or 
its monoethyl ether with cone. H2SO4 (1 part), 
mon^ glyi^ol being adiled to replace the dioxan 
distilled off (U.S.P. J08180I, 1928); also from 
jS)3'-(liehlorodiethyl, and NaOH at 200° (B.P. 
3(>3895, 1930). 

With 12 it forms a di-iodide, ni.]). 84°, de- 
coinposeil by water and air, soluble in CyHg. 
Dioxan forms a sulphate, m.p. 100°, and a 
picratc, m.p. 00°. With cone. HNO3 at - 10° 
it gives a nitrate, m.p. 14° (van Alphen, l.c.). 
It also forms a compound with HgCl2» soluble in 
but slowly decomposed by wat(;r (Faworsky, J. 
Russ. Phys. Chem. 80c. 1900, 38, 741; Paterii6 
and iSpaliino, Atti B.. Aecad. lancei, 1907, [v], 
16, i, 87). 

It is miscible in all j)roportions with water 
and is little afl'ceted by acids, alkalis, Na or 
oxidising agents. It is an industrial solvent for 
eelluloBO esters, resins, oils, waxes, dyes and 
many organic compounds. Fatal accidents have 
attended its use, hut according to Sehrenk and 
Vant its toxicity is low (J. Ind. Hyg. 1930, 18, 
448). 


Its Veapour forms exidosivo mixtures with air 
(Jones, Seaman and Kennedy, Ind. Eng. Chem. 
1933, 25, 1283). The occurrence of peroxides in 
commercial dioxan is duo to the presence of 
acetal (Eigenberger, l.c.). Low-boiling alde¬ 
hydes may be removed by distillation with 
water and a volatile inorganic acid (HCI, 
HBr, SO 2 ) (B.P. 442540, 1934). Dioxan is 
used for cryoscopic measurements (Anschutz 
and Brocker, Ber. 1926, 59, [B], 2844; Oxford, 

l. c.), and for eletitrornetric determinations. 

Ethylene selenocyanate, (CH 2 SeCN) 2 ; 

m. p. 128° (Proskauer, Ber. 1874, 7, 1281), 138° 

(Hagelberg, ibid. 1890, 23, 1092). From 

C 2 H 4 Br 2 and alcoholic KCNSe (Proskauer, 
Lc.). It forms colourless needles, insoluble in 
cold HgO or EtgO, sparingly soluble in HgO 
or cold EtOH, dissolves unchanged in strong 
HNO3, but on heating gives ethylene-diselenic 
acid, C2H4(Se03H)2. With alcoholic alkali, 
it yields ditnian (Hagelberg, l.c.), 

Diethyiene disulphide J:4-dithian, 

S< >S; m.p. 112°; b.p. 199- 

200°; (for boiling-points at various pressures, see 
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Johnson, J.C.S. I9.S3, 1.530). From C-H^Brj 
and KjS (Orafts, Annalen, 1862, 124, 110; 
1863, 128, 220); by heating C 2 H 4 CS 3 or 
C^H^SjHg with C 2 H 4 Br 2 at 150° (Husomanii, 
ibid. 1803, 126, 280). Needles or leaflets from 
EtOH ; thiek prisms irom EtgO ; volatile at 
ordinary temperatures. It combines with Br 
and (icrtain salts, but not with NHg, and is 
oxidised by HNO 3 to (C 2 H,) 2 S 202 . a 

dioxide, S<r ‘> 802 , is obtained in small 

\C2H4/ 

yield from divitiyl sulphone, (CH 2 :CH) 2 S 02 , 
and HgS (Alexander and MeCombie, J.C.S. 1931, 
1913). The iinstablo bromide (C 2 H 4 ) 2 S 2 Br 4 
is a lemon-yellow amor])hons snbstanei', 
m.]). 90 ’; the iodid(% (C.jH 4 ) 2 S,, 1 4 , m.p. 

132-133”, a blne-blaek jiowder wdth a mer- 
eaptan-likc odour, has antiseptic properties 
(Bacliem, Bioehem. Z. 1922, 129, 190). The 
erystallino dioxide, (C 2 H 4 ) 2 S 202 , presumably 
S 0 (C 2 H 4 ) 2 S 0 , obtained by heating the 
bromide with HgO, (huomposes on heating, is 
soluble in H 2 O and almost insoluble in EtOH. 
The peroxide, S 02 [C 2 H 4 ] 2 S 02 , obtained by 
heating dithian with fuming HNO 3 to 150° 
(Crafts, Annalen, 1803, 125, 124), crystallises 
from strong HNO 3 in small crystals which are 
insoluble in water. 

Thioethylene glycol, HO CHg-CHa SH; 
b.p. 55°/13 mm., 157-158°/742 mm. (slight 
decomp.); d\ 113]7, M230, d'" 1-J143; 

1-4906 (KennoU, J.C!..S. 1!I22. 121, 2139). 
From ehlorohydrin and cone. ac(ueous NaSH, 
yield 50-55% theoretical (Bennett, ibid. 1921, 
119, 423; cf. also B.P. 280087, 1920). Jt can 
also be prepared by reducing (HO-CH 2 ’CH 2 *S )2 
with Zn dust and alcoholic H 2 SO 4 , or Na and 
alcohol (Fromm and Jorg, Ber. 1925, 58, 304). 

Completely miscible with HgO, EtOH, 
CgHg and EtgO; for metallic and other 
derivatives, .see Bennett et al., J.C.S. 1921,119, 
1800; 1922, 121, 2139; 1927, 1000; Kosen 
and Keid, J. Arner. Chem. Soc. 1922, 44, 034; 
Fromm and Jorg, l.c.) ; e.g. 

Hg(SCH 2 CH 20 H )2 

crystallises in largo silvery plates, m.p. 123°. 
Diacetatc, b.p. 118-120725 mm.; O-ethyl ether, 
EtO-C 2 H 4 -SH, b.p. 37-40715 mm. (Rojanii 
and Lcmme, Arch. Pharm. 1925, 263, 012). 
Dibenzoate has m.p. 39° (Fromm and Jorg, 
l.c.). Concentrated HCI gives ^-chloroethyl 
mercapiaUf b.p. 125-120”, d^ 1'203, which has a 
marked vesicant action (Bennett, J.C.S. 1922, 
121, 2145). Thiodiethylene glycol^ 

(H 0 »CH 2 CH 2 ) 2 S, 

obtained by heating thioethylene glycol ; a 
crystalline solid forming double compounds 
with metallic salts. 

Ethylene mercaptan, C 2 H 4 (SH) 2 ; b.p. 
146°, d*®-® 1*123° prepared from C 2 H 4 CI 2 or 
C 2 H 4 Br 2 and alcoholic KHS (Werner, Jahresber. 
1862, 424; Lowig and Weidmann, Annalen, 
1840, 36, 322). Colourless liquid, soluble in 
EtOH and NaOH, and forms insoluble 
mercaptides with heavy metals: e.g. yellow 


fCH 2 *S) 2 Pb; green f C H o * S ] 2 C u. Ethylene 
dimethyl sulphide, C 2 H 4 (SMe) 2 , b.p. 183°, 
Irom C 2 H 4 Br 2 and MeSNa (Kwerlof, Ber. 
1872, 4, 710). Ethyleue diethyl .sulphide, 

(C 2 H 4 (SEt) 2 , b.p. 2i0-213° (E.), formed in 
a similar manner, can bo oxidised first to 
ethylene diethylsiilphoxide, C 2 H 4 (SEtO) 2 , 
m.p. 170°, and then to ethylene dietliylsulphone, 
C 2 H 4 (SEt 02 ) 2 , ni.p. 130*5° (Beckmann, 
J. pr. Chem. 1878, [iij, 17, 469). 

Thiocarbonates.— 

(1) Ethylene dithiocarhonafe, C2H4COS2 
(ethylene oxythiocarbonatc); m.p. 31°. From 
HNO 3 and ethylene trithiocarbonate, C 2 H 4 CS 3 
{v. infra), in the cold (Hnsemann, Annalen, 
1803, 126, 2()9); long thin plates, insoluble in 
HoO, soluble in EtOH, EtgO and CHCI 3 . 

CH 2 — 

(2) Ethylene irithiocarhnnale, | ^CS ; 

CH 2 — 

m.p. 39*5° (Hnsemann, l.r.); 39° (Frassetti, Ber. 
1900, 38, 488). Prepared from C 2 H 4 Br 2 

and sodium thiocarbonate, NagCSg, in absolute 
alcohol (Hnsemann, Annalen, 1802, 123, 83); 
in theoretical yield by the action of alcolioJie 
KOH upon etliylene xanthate (F.). Golden- 
yellow, rhombic prisms, easily soluble in EtgO, 
eSg, CHCI 3 and CoHg. 

CHg'v 

Ethylene sulphide, ( %S; b.p. 55-50°, 
CH.,^ 

from CHoC 1 *CH 2 *SCN or [CH^ SCN]^ and 
jKjueous NUgS, by steam distillation. A 
(*()lourle 8 H liquid, with a strong odour; in¬ 
soluble in HgO. It decomposes oven in the 
dark after a few wee^ks (l)(‘lej)ine, (bmpt. rend. 
1020, 171, 30; Bull. Soc. chim. Hli23, |iv), 
33, 703). Ethylene thiocyanate, C 2 H 4 (SCN) 2 ; 
m.p. 90°. From CHgCI-CHgCI and alcoholic 
KCNS (Sonnonschein, Jahresber. 1855, 009; 
Buff, Annalen, 1850, 100, 229); CHgBr CHgBr 
may be used (Glutz, ibid. 1870, 153, 313); 
rhombic jJab^s, slightly soluble in HgO and 
EtOH; decomposed on heating, volatile in 
steam. Its vapour is lachrymatory. 

Dithiocyanoethylene, [rCH-CNSjg, from 
(SCN )2 and C 2 H 2 , exists in two forms, m.p. 
97-97*5° and m.p. 15-17°, d}^'^ 1*332. The two 
forms are interconvertible under the influence 
of light (Soderback, Annalen, 1925, 443, 142). 

Ethylene thiocarbamide, |•CH 2 *NH] 2 CS; 
m.p. 199°, from C 2 H 4 (NH 2)2 and CSg in alcohol 
at 100-105° for 4-5 hours (Ruiz and Libf'uson, 
A. 1930, 1276). Hydrochloride, m.p. 304-305°. 

Ethylidene Dekivatives. 

Ethylidene acetamide, CHMe(NHAc) 2 ; 
m.p. 169°; from acetamide and acetaldehyde; 
forms prisms decomposed by acids (Tawildarow, 
Ber. 1872, 6 , 477). 

Ethylidene diacetate, CHMe(OAc) 2 ; 
b.p. 169°, d^^ 1*001. From aldehyde and AC 2 O 
at 180° (Geuther, Annalen, 1858, 106, 249); 
from alcoholic potassium acetate and 
CHg-CHCI-O-CO-CHa (Schiff, Bci. 1870, 9, 
304) ; by passing CgHg into glacial acetic acid 
in the presence of mercuric acetate and sul- 
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phonic acids (B.P. 112765), or sulphuric esters 
(particularly methylene sulphate) (B.P. 112766, 
1917 ; G.P. 334554, 1923 ; Canad. P. 262826, 
1926; IJ.S.P. 1304989, 1919; 1306964, 1919; 
1351990, 1920); by heating vinyl acetate, 
CHjiCH'O'COMe, with acetic acid in the 
presence of fuming sulphuric acid and a Hg 
catalyst at SO-OO'': yield 85-90% (Skirrow and 
Hick, U.S.P. 1449918, 1923). Liquid with an 
odour resembling onions, decomposed by water 
into aldehyde and acetic acid. By distilling with 
H 3 PO 4 yields ACgO, AcOH and CH 3 CHO 
(Marshall and »Shaw, Canad. P. 217576, 1922; 
and IJ.S.P. 1578454, 1926); distillation with 
SO 2 or SO 3 gives acetaldc'hydc, vinyl acetaL; 
and ACgO (Skirrow, IJ.S.P^ 14296.50, 1922). 
ZnCl 2 acts similarly (B.P. 238825, 1924; 

G.P. 346236, 1923; and Roy, U.S.P. 1579248, 
1926) (see also Vol. 1, pj). 37c and 58 c, rf). 1 

Diethylidene hydrazine, 

CHgCHiNN-.CHCHa; 

b.p. 95~96'7760 mm.; 0-832. Prepared by 

shaking an ethereal solution of acetaldehyde 
with aqueous hydrazine hydrat(‘. It is fairly 
stable to alkalis, but hydrolysed by ae-ids to 
aldehyde and hydrazine (Curtius and Zinkeison, 
J. pr. Chern. 1898, [iij, 58, 310). 

Ethylidene biuret, 

.NHCO\ 

CHgCHC; >NH, 

\nHCO'^ 

Irigenic acid, prepared by leading HCNO into 
well-cooled acetaldehyde (Liebig and Wohler, 
Annalen, 1846, 59, 296); erystallises in small 
prisma, slightly soluble in HgO, less so in 
EtOH. When heated, it decomposes with the 
formation of COgNHg and traces of collidine, 
CgHjiN (Herzig, Monatsh, 1881, 2, 398). 
HNO3 gives cyanuric acid. The amorphous 
silver compound, AgC 4 HgN 302 , is soluble in 
boiling water. 

Ethylidene dibromide, CHg-CHBrg; b.p. 
114-115° (Tawildarow, Annalen, 1875, 176, 12); 

109- 110°/751 mm. (Denzel, ibid. 1879,195, 202); 

110- 57760 mm. (Anachiitz, ibid. 1883, 221, 137); 

108-110° (corr.) (Perkin, J.C.S. 1884, 46, 523); 
107-108° (Meyer and Muller, J. pr. Chom. 1892, 
[ii],46, 168); 2-129° (T.); ® 2-0891 (A.); 

2-0822 (P.). From EtBr and BPg at 170° 
(Hofmann, Proc. Roy. Soc. 1859/60, 10, 619; 
Caventou, Comi^t. rend. 1861, 52, 1330); by 
the action of PClgBrg but not of PBr^ upon 
acetaldehyde (Patem 6 and Pisati, Ber. 1872, 
6 , 289); by heating bromoethylene, C Hg-.C H Br, 
with HBr (55° B^) at 100° (Reboul, Compt. rend. 
1870, 70, 398). It is a heavy liquid, heated with 
water and PbO at 130°, aldehyde and HBr 
are produced; with SbClg it gives CH 3 -CHCI 2 
(Henry, BuU. Soc. chim. 1884, [iij, 42, 262). 

Ethylidene bromoiodide, CHgCHBrI; 
m.p .-<~207 b.p. 142-143°; 2-452. Prepared 

from CH 2 :CHBr and HI in the cold (Pfaundler, 
Jahresber. 1865, 483; Reboul, Annalen, 

1870, 156, 212) ; also by shaking CHg-CHIa 
with IBr solution (Simpson, Bull. Soc. chim. 


1879, jii], 31, 412). Decomposed by alcoholic 

KOH or AggO into HI andCH 2 :CHBr; Brg 
yields CHg-CHBrg. 

Ethylidene chlorobromide, CHg-CHClBr; 
m.p. 16-6° (corr.) (von Schneider, Z. physikal. 
Chem. 1896, 19, 157); b.p. 84-84-57750 mm., 
82-77760 mm. (Staedel, Ber. 1882,15, 2563); d^® 
1-667, From CHgrCHBr and cone. HCI at 
100° (Reboul, Annalen, 1870, 165, 215); from 
CgHgCI and Br^ in sunlight (Denzel, ibid. 1879, 
196, 193); by the action of Clg upon EtBr 
(Leacccur, Buil. Soc. chim. 1878, jii], 29, 483). 
Slowly saponified by cold alcoholic KOH ; with 
AggO it gives CH 3 -CHO; with Ag at^etate 
forms CH 3 -CH(C 2 H 302 ) 2 . 

Ethylidene chloriodide, CHg-CHCll; 

b.p. 117-119°; d^® 2-054. Formed from 

CHg-CHL and ICI; also from CHg-CHCla 
and AII 3 (Simpson, Bull. So(’. cliirn. 1879, [ii], 
31, 411). 

Ethylidene dichloride, CHg-CHClg; m.p. 
--101-5° (vonSchneider, Z. physikal. Chem. 1897, 
22, 233); b.p. 57-4-57-67750-9 mm., d‘^^ 1-1743 
(Hriilil, Annalen, 1880, 203, 11); b.p. 57- 
57*7°/738-7 mm., d® 1-2013 (Pribram and Handl, 
Monatsh, 1881, 2, 650); b.p. 57-32° (corr.) 
(Thorpe and Rodger); crit. temp. 254-5° 
(Pawlewsky, Ber. 1883, 16, 2633). From EtCI 
and CIg (Rcgnault, Annalen, 1840, 33, 312); 
from CHg-CHO and PCI 5 (BoiJstein); by 
the action of HCI on copper acetylide (Sabane- 
jeff, Annalen, 1875, 178, 111); by passing a 
mixture of Clg and EtCI over animal charcoal 
at 250-400° (Damoiseaii, Bull. Soc. chim. 1877, 
|iil, 27, 113); obtained as a by-product iii the 
manufacture of chloral. Technically, from 
CHgrCHCI in a suspension or solution of 
AICI3 in a chlorinated solvent, preferably 
CH 3 -CHCI 2 itself, by treatment with gaseous 
HCI at U<35° (B.P. 454128, 1936); the 
required mixture of CgHgCI and HCI may be 
obtained by passing C 2 H 2 +HCI over HgCl 2 . 

Decomposed by alcoholic KOH into KCI and 
C 2 H 3 CI; Na at 180-200° produces hydrogen, 
acetylene, ethylene, ethane and CgHgCI 
(Toliens, Annalen, 1866, 137, 311). Chlorine 
gives CH3CCI3 and CHgCI-CHCIg. 

Ethylidene diethyl ether, 

CH3CH(0C2H,)2 

(v. Acetai^s). 

Ethylidene dimethyl ether, 

CH3CH(0CH3)2, 

dimethyl acetal (v. Acetals). 

Ethylidene methyl propyl ether, 

CH 3 -CH( 0 CH 3 )( 0 C 3 H,), 

b.p. 103-105° (Bachmann, Annalen, 1883, 218, 
46). Ethylidene ethyl propyl ether, 

CH3CH(0C2H3)(0C3H,), 

b.p. 124-126° (B.). Ethylidene dipropyl ether, 
CH 8 -CH( 0 C 3 H 7 ) 2 , dipropylacet^l, b.p. 146- 
148°, d*® 0-826 (Girard, Jahresber. 1880, 696). 
Ethylidene methyl Uobutyl ether, 

CH^CH(OCH^){OC,H,), 

b.p. 126-127° (Claus and Trainer, Ber. 1886, 
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19, 3006 ; B., lx.). Ethylidene ethyl mohutyl ether^ 
CH3-CH(OC2H5)(OC4He),b.p.ir>5°(aandT.). 
Ethylidene di-iaohutyl ether, CHg-CH(OC 4 Hq) 2 , 
di-iBObutyl acetal, b.p. 168-170“ ; sp.gr. 0-816/22° 
(C. and T.; G.). Ethylidene methyl imamyl 
ether, CH3-CH(OCH3)(OCr,Hii), b.p. 14i- 
144° (B.). Ethylidene ethyl iBoamyl ether, 

CH3-CH(OC2H5)(OC6Hii), b.p. 165-167° 
(C. and T.). Ethylidene di-isoamyl ether, 
Di-imarnyl acetal, b.p. 
210-8° (corr.), 0-8347 (C. and T.). 

Ethylideneimine, CHg-CHtNH; ni.p. 
c. 85°; b.p. 12.3-124°. Formed by keeping 
aldehyde ammonia, CHg-CH(OH)NHg, over 
H 2 SO 4 in vacuo for several days. Brilliant 
colourless crystals, with an odour like acetamide, 
soluble in H^O, EtOH, AcOH, CHCI 3 , 
CgHg and PhMe. Above 260° only monomeric 
molecules exist, but even at 152° the 
(MeCH:NH )4 molecules which exist in benzene 
solution are mostly dissociated. It forms a 
picrate and with HCN yields 


CHg-CHlNHlgCN. 

The trimcric polymer, 

.NH-CHMe\ 

MeHC< 

^NH-CHMe^ 


forms a trinitroso-derlvative with NgOg in 
CHCI 3 ; opaque yellow-white needles, m.p. 161° 
(Delcpine, Compt. rend. 1897, 125, 951 ; 1907, 
144, 853). 

Ethylidene diiodide, CHg-CH Ig; b.p. 177- 
179°; d® 2-84. Prepared from C 2 H 2 a^nd HI 
(Berthelot, Annalen, 1864, 132, 122; Seme- 
now, Zeit. Chem. 1865, 725); also from 
CHg-CHCig and AII 3 (Gustavson, J. Russ. 
Phys. Chem. Soc. 1874, 6, 164); from 

CHgrCHBr and HI (Friedel, Ber. 1874, 7, 
823). Decomposed by alcoholic KOH into 
HI and CHgiCHI. 

Ethylidene oxide, CH 3 -CHO acetalde¬ 
hyde, q.v.). 

Ethylidene ethylene oxide, ylycol acetal, 

.O-CHg 
CH3-CH< I 

^O-CHg; 

b.p. 82° (Verley, Bull. Soc. chim. 1899, [iii], 
21, 276), 82-5°/765-8 mm.; d® 1-002. From 
aldehyde and excess of glycol at 100° (Wurtz, 
Compt. rend. 1861, 53, 378; Annalen, 1861. 
120, 328); a bquid with an irritating odour. 
It is soluble in 1^ vol. of HgO, but is salted out 
by CaCig; with AcOH it gives glycol di¬ 
acetate. 

Ethylidene ethoxyacetate, 

CH3CH(OEt)OAc; 

b.p. 125-130°. Formed by heating together 
acetal and ACgO for 3 hours at 150°. A 
pleasant-smelling oil, slowly decomposed by 
HjO into EtOH, aldehyde and AcOH. 

Ethylidene-sulphonic acids. 

(1) Ethylidene-hydroxysulphonic acid, 

CH8-CH(0H)(S08H). 


Salts of this acid are formed from alkali hydrogen 
sulphites and acetaldehyde; crystalline sub¬ 
stances soluble in HgO, decomposed on heating 
into HgO, CHg-CHO and sulphites. 

(2) Ethylidene chlorsulphonic acid. 

CHa-CHCMSOgH), 

from CH.. CHCI 0 and neutral alkaline sulphites 
at I40“. 

3. Ethylidene diaulphonic acid, 

CH 3 -CH(S 03 H)g. 

By oxidising trithioaldehyde, (C 2 H 4 S) 3 , or 
thialdin, with KMn 04 solution (Guareschi, 
Gazzetta, 1879, 9, 75; Annalen, 1884, 222, 302). 
It is strongly a(;id viscous liquid, very soluble in 
HgO and EtOH. CHg-CH (SOa'Nal^HgO, 
small silkv crystalH, almost insoluble in 90% 
EtOH; ksalt, CHg-CH (S 03 K) 2,2 HgO, large 
trau.sparcnt crystals soluble in 1-56 parts of 
water at 17°. The acid and its salts are stable 
.substances. 

ETHYL ACETATE r. Ac etto Acid. 

ETHYL ACETOACETATE v. Aceto- 
ACETic Acid. 

ETHYL ALCOHOL Alcohol. 

ETHYLANILINE, PhNHEt, b.p. 206-57 
760 mm., 83-8‘710 ram., is obtained b}- normal 
methods of alkylating aniline, e.g. by 
heating aniline or, better, its salts with 
alcohol at 140-180°. OthcT ethylating agents 
have been employed—ethyl ac-etate or formate 
(r. Niementowski, Jk^r. 1897, 30, 3072), ethyl 
chloride (U.S.P. 1094851), diethyl ether (F.P. 
768142), paraldehyde (F.P. 776614), commcjrcial 
EtOH in presence of a catalytic quantity of 
sulphuric acid (N.G. Laptew, Chem. Zentr. 
1935, II, 435). All these preparations give, in 
addition, varying quantities of diethyl aniline 
whicli may be separated by distillation, by 
acetylation of the monoethyl compound 
(Elsbach, Bcr. 1882, 15, 690), by treating with 
a dicarboxylic anhydride (LbS.P. 1991787) or 
by other methods. 

Although its use has been suggested in minor 
quantity, e.g. as an autoxidation inhibitor in 
petroleum (B.P. 388826), pure ethylaniline is 
not UHCxl extensively in industry. 

ETHYL CYANINE T v. Cyanine Dyes 
(Vol. HI, p. 615fo). 

ETHYL ESTERS AS PERFUMES. A 

number of the esters of ethyl alcohol are used 
as synthetic perfumes. The following are the 
principal of these, with the particular purpose 
for which they are used, and their constants, as 
met with in commerce. 

Ethyl acetate. —Toilet waters, Eau-de- 
Cologne and many floral perfumes where a 
fruity odour is desired; b.p. 75°; 0-900- 

0-910; 1-3735. 

Ethyl anthranilate. —Orange blossom per¬ 
fumes; b.p. 267° ; m.p. 13°. 

Ethyl benzoate. —Artificial ylang-ylang, 
jasmin, new-mown hay and various fancy 
perfumes; b.p. 213“; 1-052; 1-5056. 

Ethyl butyrate. —Numerous perfumes with 
fruity odours; b.p. 120°; d}^ ^ 0-885 (com¬ 
mercial quality). 
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Ethyl cinnamate. —Fixative in Eau-de- 
Cologne and toilet waters. Useful in most so- 
called Oriental perfumes on account of its 
balsamic odour; b.p. :17U; m.p. 12^; 
1-054; 1-560. 

Ethyl laurate. -A fixative in various 
fancy perfumes; h.p. 260^; () S674 ; 

1-4320. 

Ethyl non y late. —Odour suggestive of 
roHCK and (piince; b.p. 230"; 1-038; //“jJ 

1-4975. 

Ethyl phenylacetate. —Sweet hont^y odour. 
Used in artificial rose, lily and sweet pea per¬ 
fumes; b.p. 227"; 1-4970. 

Ethyl salicylate. —Fine wintergreen odour; 
b.p. 234^ d}^'^ M352; 1-5234. 

E J. P 

ETHYL ETHER, EtgO (ether,* ethyl 
(jxide), was first obtained as long ago as 1540 
by Valerius Cordus by the acjtion of “ vitriol 
on “ spirits of wine,” and the method of prepara¬ 
tion was first described by Conrad Gessner in 
1552. The product was subsequently termed 
“ sulphuric ether ” by Frobenius in 1720 and, 
although it was shown by Rose in 1800 to contain 
no sulphur, it is only in recent years that the 
name has almost entirely dropped out of use. 
Its composition was determined by ^aussure 
(1807) and by Dumas and Boullay (1827); it 
was further studied by Liebig and Regnault 
(1839) and others. The mechanism of its 
formation was first interpreted by William¬ 
son (Phil. Mag. 1850, [iii], 37, 350), who 
showed that the first stage of the reaction was 
the formation of ethyl sulphuric acid and water ; 

EtOH+ H2SO4 EtO-SOa'OHd 
The ethyl sulphuric acid so formed reacts with 
a further molecule of alcohol with formation of 
ethyl ether and regeneration of sulphuric acid : 

EtOH+ EtO SOg-OH EtjOd H2SO4. 
The reaction should thus be continuous, but in 
jjractice it is not strictly so; side reactions lead 
to the production of tarry products and some 
reduction of the sulphuric acid with evolution 
of SOg. 

This interpretation of the reaction has of late 
years been criticised by van Alphen (Roc. trav. 
chim. 1930, 49, 754) and others. Van Alphen 
considers that the reaction may be more 
correctly expressed by the equation 
2EtOH:;!: EtgO-fHaO 
catalysis being effected by hydrogen (hydrated 
hydrogen) ions. It may be classed with the 
series of reactions which are similarly catalysed, 
such as esterification of acids, hydrolysis of 
esters, formation of acetals and lactones, in¬ 
version of sugars, etc. Ho showed that not 
only sulphuric acid, but all, except very weak 
acids, are capable of forming ether from alcohol, 
and in the case of hydrochloric and hydriodic 
acids, which are both powerful catalysts, it was 
found that the ester of the acid played no part in 
the reaction. With hydrochloric acid a yield of 
63% of ether could be obtained, and with other 
acids such as arsenic, phosphoric, sulphurous, 
picric, mono-, di and tri-chloro-acetic, tartaric. 


malic acids, etc., yields, varying directly 
with the strength of the acid, of from 10 to 70% 
of etlier were obtained when the experiments 
were (-arried out in sealed lubes at 150—160'^. 
Salts of weak bases and strong acids were like¬ 
wise satisfactory c^atalysts. Salts such as 
hydrated ferric chloride, anhydrous ferric 
sulphate, hydrated cliromic chk)ride, chromic 
sulphate, aluminium sulphate, crystallised 
(opper Hulpliate and cupric cliloride when 
luxated with alcohol at 150-160" gave, in tljc 
presence of more or less water, varying yields 
(up to 73%) of etlier. With calcium cliloride, 
jiotassium, sodium and calcium sulphates under 
similar conditions no ether was obtained. 

Ether has also been prepared by heating 
alcohol with a number of other salts, including 
bismuth, zinc, manganese, cobaltous, nickel, 
cadmium and mercuric chlorides, and with 
boron fluoride, as well as by the action of sodium, 
mercury or silver oxides on ethyl bromide or 
iodide. 

Ethyl ether is a very volatilc% highly in¬ 
flammable, colourless, mobile liquid with a 
characteristic odour and sweetish burning taste. 
It is miscible with most organic solvents. The 
flash-point of ether is — 20"C\ The limits of its 
inflammability in air arc from 1-85 to 36-5% and 
in oxygen 21- 82%. Its ignition temperature 
is 300-380" in air and 182" in oxygen. Ether 
forms explosive mixtures with air when present 
in from 1 to 16% by volume, and, owing to the 
relatively low diffusion velocity of its vapour, 
dangerous concentrations may persist for some 
time and so increase the risk of explosion. 
Ether also foT ms explosive mixtures with oxygen 
and with nitrous oxide. 

Another source of danger from the use of 
ether is the possible presence of explosive 
peroxides (Autoxidation below) which may 
be formed from it by the action of light 
and air on keeping. The concentration of 
these peroxides on evaporation of the ether may 
lead to serious explosions, and removal of 
ether by distillation should be carried out by 
direct or indirect heating with steam, never 
with a naked flame and preferably not by electric 
heaters. 

Pure diethyl ether boils at 34-49° and forms 
a binary mixture with water (1-3%) which boils 
at 34-15" (Wade and Fiimemore, J.C.S. 1909, 
95, 1842). The melting-point is variously 
given from -113" to -117-6"; dJJ 0-71982, 
increasing uniformly to 0-8585 at —105", there¬ 
after more slowly to 0-8654 at its melting-point. 
Vapour tension 67-49 mm. (—20"), 182 mm. 
(0°), 286 mm. (10"), 433 mm. (20") and 636 mm. 
(30°). Crit. temp. 193-5-193-8". Crit. press. 
36 atm. Dieletric constant 4-65 (5°), 4-53 
(10"), 4-43 (15"), 4-335 (20"), 4-25 (25°) (Ulich 
and Nespital, Z. physikal. Chem., B., 1932, 16, 
221 ). 

One htre of water dissolves about 80 c.c. of 
ether at 20°, and 1,000 c.c. of ether at the same 
temperature dissolves about 30 c.c. of water. 

A hydrate Et20-2H20 is known which exists 
only below —3*5". Ether is very much more 
soluble in concentrated acids, such as HCI, 
HBr, H2SO4; determinations of conductivity, 
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etc., indicate the presence of etherates, such as 
Et20-2HCI, Et20-2HBr, EtgO-HaSO^, 
Et 20 * 2 H 2 S 04 , etc. Ether also forms addition 
products with CIg and Bfg at low temperatures. 
It also dissolves iodine and ammonia. By 
solution of solid COg in ether a temperature of 
—80° can be reached. 

Etherates of a number of salts have been 
described {v. Ethees). MgBPg is very soluble in 
ether ; the existence of the compounds 
MgBr2,3Et20, MgBr 2 , 2 Et 20 and 

MgBr2,Et20 has been demonstrated and j 
their transition points determined. They are 
unstable and decomposed by water (Evans and 
Rowley, J. Amer. Chera. Soc. 1930, 52, 3523; 
Rowley, ibid. 1936, 58, 1337). Stannic chloride, 
SnCl 4 , with ether forms a stable ctherate, 
SnCl4,2Et20, which volatilises at room 
temperature and burns without explosion 
(Sanwei Ai, J. Soc. Chem. Ind. Japan (Suppl.), 
1934, 37, 107B). Titanium chloride, TiCl 4 , 
also forms a dietherate, TiCl 4 , 2 Et 20 , which 
is very hygroscopic and rapidly decomposed 
by water. Chromous chloride, CrClg, is soluble 
in ether, forming an etherate, CrCIg.EtgO, 
wliich combines with bases such as ammonia, 
aniline, etc., to give compounds such as 
CrCl2.Et20,3NH3, CrCl 2 ,Et 20 ,PhNHg, etc., 
which are soluble in water and of vaiying 
stability. 


Ether also forms compounds with chloroform. 
Cryoscopio evidence indicates the existence of 
the compounds CHCl3-3Et20, CHCl 3 - 2 Et 20 , 
CHClg-EtgO and 2CHCl3 Et20. The two 
last are stable at their respective melting- 
points : —99-5° and —89-5°. 

Manufacture of Ether. 

The process wliich is generally employed for 
the manufacture of ether is essentially that by 
which it was first prepared, namely by the 
action of sulphuric acid on alcohol. Several 
modifications of the process involving differences 
in the plant are in use. That which is described 
makes use for the most part of the plant devised 
by Barbet, of Paris. The process is practically 
continuous, running for months without any 
necessity of stoppage for recharging. After a 
long run it is, however, desirable to recharge 
with fresh acid owing to the accumulation of 
tarry by-jiroducts. The use of benzene sul- 
phonic acid in place of suljihuric acid is stated 
to minimise the formation of tarry products 
and side reactions (Krafft, Ber. 1893, 26, 2831). 
The process is best followed by reference to the 
diagram shown. The reaction is carried out in 
a large ste;el vessel (the “ maker ” A) which is 
lead lined and is of a capacity of about 1,400 
gallons. The vessel is heavily lagged with 



asbestos and is fitted with an interior leaden 
steam coil to provide the heat necessary to 
initiate and maintain the reaction. Sulphuric 
acid (approximately 10,000 lb. of 96% “ con¬ 
tact ** acid free from nitrous and nitric oxides) 
is led in from the vessel B, into which the acid 
is drawn from the montejus C, by means of an 
inlet pipe which passes through the cover of 
the “ maker,” and alcohol (about 500 gallons) 
is led in through the bottom of the vessel from 
the storage tanks, a constant head being main- 
VOL. IV.—25 


tained during the process by means of the float 
chamber E. At the beginning the flow of 
alcohol is interrupted when the required amount 
has been introduced and steam under pressure 
is admitted to the coil. The temperature of the 
mixture is then raised to about 120°C., when the 
reaction commences. At this stage alcohol is 
again allowed to flow into the maker, the rate 
of the flow and the steam being adjusted so that 
the temperature is maintained as nearly as 
possible at 127°. Maintenance of this tempera- 
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ture is of great importance, otherwise overheat¬ 
ing occurs with increased production of by¬ 
products and consequently lower yields. A mix¬ 
ture of water, alcohol and ether distils over by 
way of the wide exit tube F to a “ scrubber ” 1 ) 
through which passes a slow stream of dilute 
caustic soda solution which effectively removes 
any traces of acid that may liavc been formed or 
mechanically carried over. The caustic soda 
solution, which contains a certain amount of 
alcohol and ether, is led into the lowest section 
of the fractionating column G, where the last 
traces of alcohol and ether are completely 
removed. The vapours from the scrubber, 
consisting of a mixture of alcohol, water and 
ether, are led into the column about one-third 
the way up by the pipe (H), where they are met 
by a descending column of water which has 
been previously heated by injection of steam 
into the bottom of the column. The frac¬ 
tionating column is fitted with a number of 
trays of the usual cap and bell typo, and, at 
about two-thirds the way up, the alcohol fraction 
is led through a condenser M which is kept at 
50° and the alcohol returned to the column a 
little lower down. The excess alcohol is drained 
off by the pipe N and returns to the supply to 
the maker. 

The upper section of the fractionating column, 
which contains about a dozen trays, is main¬ 
tained at a temperature of 40"C., the ether 
vapour passing through the condenser J, which 
is kept at a temperature of 34°C. and serves 
as an analyser, the higher boiling fractions 
being again returned to the upper section of 
the fractionating column. From the analyser J 
the rectified ether vapour passes into the con¬ 
denser K and thence to the cooler L, which is 
maintained at a temperature of about 12 ° 0 ., 
and from which the condensed ether is run into 
storage tanks. The amount of rectified ether 
produced under these conditions amounts to 
about 3 tons daily, the overall yield being about 
96% of the theoretical. The rectified ether thus 
obtained contains small amounts of alcohol and 
water as well as aldehydes, peroxides and other 
impurities and has a sp.gr. of about 0*722. 

Reetified ether is used in industry for many 
purposes. Mixed with varying proportions of 
alcohol it is used in the manufacture of ex¬ 
plosives for the production of smokeless powder 
and in the gelatinisation of nitro-cellulose. It 
was used in enormous quantities in the artificial 
silk industry as a solvent, again mixed with 
alcohol. Rectified ether also finds employment 
as a solvent for the extraction of alkaloids and 
other products of the fine chemical industry, for 
the preparation of collodion and in laboratories 
as a solvent. For commercial purposes it is 
sold as ether of various specific gravities ranging 
from 0*720 to 0*735 and even higher, the 
required specific gravity being attained by the 
addition of suitable amounts of alcohol. 

Other Methods of Manufacture .—In addition 
to the foregoing, several methods for the manu¬ 
facture of ether have been patented or suggested. 
A modification of the above process is the 
subject of G.P. 627941. The process makes use 
of petroleum (b.p. 100 °) or benzene for the 
continuous removal of water from the mixture 


of alcohol, water and ether produced in the 
maker. The azeotropic mixture of water, 
alcohol and petroleum is withdrawn from the 
fractionating column through a condenser into 
a separator from which the water is run off*, the 
alcohol-petroleum fraction being returned to the 
process. 

B.F. 187347 claims the use of a counter- 
c'urrent principle. Alcohol vapour is passed 
upw^ards through a vessel provided with vertical 
cylindrical contact units down which passes 
sulphuric acid, the units being maintained at or 
near 125°. An interesting method of manu¬ 
facture is described in B.P. 362593, in which 
ethylsulphuric acid from ethylene and sulphuric 
acid is completely saponified by steam in a 
vessel which is essentially a fractionating 
column. The volatile products, consisting of 
alcohol, water and possibly a little ether, are 
led into a second fractionating column from 
which a mixture of alcohol and a small amount 
of water are passed into a vessel containing 
ethylsulphuric acid diluted with not more than 
20 % of water. This vessel is maintained at a 
temperature of from 80 to 92° and is itself a 
fractionating column from which the ether passes 
in the form of vapour and is condensed and 
rectified in the ordinary way. 

Many processes are concerned with catalytic 
methods in which ether is prepared from 
alcohol by means of a suitable catalyst at 
relatively high temperatures. One such method 
consists in passing alcohol over a catalyst 
specially prepared from alum, at a temperature 
of 200-230°; a yield of 75% of the theoretical is 
claimed (Jatkar and Watson, J.C.S.I. 1920, 45, 
168T). A number of other metallic oxides such 
as FegOg, CrgOg, and salts such as K 2 SO 4 , 
KHSO4, L» 2 S 04 , MgClg, NaCI ( 804 ) 2 , 
CaS 04 , SnClg, etc., have also been suggested 
as catalysts. 

Anaesthetic Ether. 

Faraday (1818) observed that the inhalation 
of ether vapour produced insensibility, but its 
use as an anaesthetic was only suggested about 
the middle of the last century. It is now very 
widely used in surgery as a general anaesthetic, 
and for this purpose is required to be of a very 
high degree of purity. The standards to which 
anaesthetic ether must conform are set out in the 
Pharmacopoeias of the respective countries and 
differ only in detail. The British Pharma¬ 
copoeia exacts a sp.gr. of 0*720 at 16*6°C. and 
a b.p. of 34-35°. In addition, it sets very 
stringent limits with regard to the presence of 
acids, peroxides, aldehydes, acetone and methyl 
alcohol. 

Manufacture of Anassthetic Ether .—Anaesthetic 
ether is obtained from rectified ether, which 
contains peroxides, aldehydes and other 
impurities which must be removed. Purifi¬ 
cation is effected by treating the ether by 
one of the several methods which have been 
suggested and it is probable that every manu¬ 
facturer’s method differs in detail. In general, 
purification consists in further rectification and 
dehydration followed by treatment with bi¬ 
sulphite liquor, caustic soda, etc., or by passing 



ETHYL ETHER. 


3S7 


the rectified ether through activated charcoal, 
kaolin, etc., whereby the impurities are removed. 
It may be noted that the toxic effects of impure 
ether are not attributable to the presence of 
peroxides, which are practically non-volatile 
(Coste and Garratt, Analyst, 1936, 61, 459). 
U.S.P. 2056972 describes a method of purifica¬ 
tion in which rectified ether, preferably pre¬ 
viously “ scrubbed ” by alkali and dephleg- 
mated, is rendered free from aldehydes, etc., 
by passing the vapour through a mechanically 
stirred suspension of mercuric oxide or through 
a succession of scrubbers which are main¬ 
tained at a temperature of 40-50°, in which 
mercuric oxide has been precipitated upon milk 
of magnesia. 

The mercuric oxide suspension emidoyed in 
the first examide is produced by treating a very 
dilute solution of mercuric chloride (0*31 g. 
in 600 c.c. of water) with caustic soda and sodium 
carbonate. In the second, the suspension is 
prepared by adding a solution of 300 c.c. of 
39% caustic soda diluted with 2,000 c.c. of 
water to a mechanically stirred mixture of 
400 c.c. of a 5% solution of mercuric chloride 
and 500 c.c. of milk of magnesia diluted with 
500 c.c. of water. Another patent (U.S.P. 
2053439) claims a method of purification in 
which ether vapour is passed through solutions 
of alkali, sodium bi8uli)hite and finally again 
through alkali, or alternatively by passing it 
through a solution of sodium bisulphite in water 
containing ethylene glycol or glycerin, the 
scrubbers being maintained at about 40-50° to 
prevent condensation of the ether. 


The Autoxidation of Ether. 

It has long been known that ether, when 
exposed to light and air, decomposes with the 
formation of peroxides, unsaturated com¬ 
pounds, acids and other impurities. The 
process is accelerated by exposure to light, but 
proceeds even in the dark, and the following 
products of decomposition are stated to have 
been identified: acetic acid, formic acid, 
hydrogen peroxide, ether peroxide, EtjO’Oj, 
acetaldehyde, mono-acetaldehyde hydrogen per¬ 
oxide, CHg-CH (0H)0*0H, diacetaldehyde 
hydrogen peroxide, 

CH8 CH(0H)0 0(0H)CH CH3, 

ethyl vinyl ether, CHgrCH'OEt, and probably 
vinyl alcohol, CHgrCH-OH. The presence of 
these impurities in ether which is to be used for 
ansBsthesia is highly undesirable and, since they 
may readily be produced upon prolonged 
storage, many suggestions have been put for¬ 
ward, particularly of recent years, for stabilising 
ansBsthetio ether and so preventing their 
formation. The formation of peroxides in 
ether which has been kept for some time is 
also fraught withdanger. Such ether on evapora¬ 
tion may leave a highly explosive residue, and 
many explosions arising from this cause have 
been recorded in the literature over a number 
of years. For these reasons the mechanism of 
ether autoxidation has received considerable 
attention. Clover (J. Amer. Chem. Soc. 1922, 


44, 1107) concluded from his experiments that 
the peroxide in ether was produced by the 
addition of Og to ether: 

EtgO+Oa EtO CHMeO OH. 

This peroxide is irreversibly hydrolysed by 
dilute acid, giving acetaldehyde, e^thyl alcohol 
and hydrogen peroxide: 

EtOCHMeOOH-f HgO 

-EtOH+HgOa j-CHs CHO. 

Wieland and Wingler (Annalen, 1023, 431, 301), 
on the other hand, suggested that the first 
action of oxygen was dehydrogenation of ether 
giving rise to ethyl vinyl ether and hydrogen 
peroxide, the former on hydrolysis giving rise 
to ethyl alcohol and ai!Ctaldehyde: 

EtO CHa'CHa+Oa-EtO CHrCHj+HaOg 
Et0CH:CH2+H20 = Et0H+CH3CH0. 

The acetaldehyde and hydrogen peroxide so 
formed combine to give diacetaldehyde hydrogen 
peroxide (di-a-hydroxyeth 3 d peroxide): 


2CH3CHO-f HjOj 

ch3CH(OH)OOCH(OH)CH3. 

Their view was supported by the synthesis of 
di-a-hydroxycthyl peroxide and direct com¬ 
parison with the peroxide residue from ether. 
King (J.C.S. 1929, 738) showed that in the 
autoxidation of ether, acetaldehyde and 
hydrogen peroxide accumulated approximately 
in the ratio 1 : 1 and considered that the main 
peroxide constituent of deteriorated ether 
is mono-acetaldehyde hydrogen peroxide, 
CH 3 'CH( 0 H) 0 ( 0 H), but that there are 
indications of a second peroxide of more stable 
type. Rieche and Meister (Angew. Chem. 
1936, 49, 101) have advanced a further explana¬ 
tion of the phenomenon. They point out 
that peroxide-free ether which contains acetalde¬ 
hyde undergoes particularly rapid oxida¬ 
tion and for the preparation of pure ether 
it is necessary to remove not only peroxides 
but also their products of decomposition. They 
discuss the various possibilities of the course of 
autoxidation and in view of the fact that the 
end products of oxidation no longer contain the 
ether linkage, a fact not easily explained, admit 
the possibility of the intermediate formation of 
ethyl vinyl ether. On the ground of previous 
experimental work, however, they suggest 
as more probable that “ addition ” of Oj occurs 
between the C and H of the CHg group of 
ethyl ether. Dibenzyl ether, (Ph C HgljO, where 
there is no possibility of an unsaturated com¬ 
pound being formed, is much more readily 
oxidised than ethyl ether, the products of 
oxidation being benzoic acid, benzaldehyde, 
benzyl alcohol and hydrogen peroxide. The 
formation of these products in this case is most 
readily explained on the supposition that benzyl 
etherperoxide,C3H5*CHO(OH)OCH2'CjH., 
is the interme^ate product. Experiments with 
a view to the preparation of this intermediate 
by treatment of C^Hg-CHO by HgO,, addition 
of benzyl alcohol and subsequent treatment with 
PgOg in ether resulted in the isolation of a 
product, m.p. 119°, which from analysis and 
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molecular weight determination jjroved to bo 
di benzyl ether peroxide, 

PhCHgOCHPhOOCHPhOCHjPh. 

By the action of P 2 O 5 in dimethyl ether on 
a-hydroxyethyl hydrogen peroxide, 

CH3 CH(0H) 0 OH, 

dihydroxyethyl peroxide, {CHMe 02 H) 20 , 
is formed. The latter is a colourless, mildly 
explosive oil. Esterification of oxycthyl 
hydrogen peroxide with ethyl alcohol was 
effected in liquid methyl chloride cooled by 
ether and CO 2 ) P 2^5 sodded, and the reaction 
mixture allowed to stand for 6 days, moisture 
being rigorously excluded by means of a P 2 O 5 
trap. After removal of the methyl chloride, 
diethyl ether hydrogen peroxide, EtgO-OOH, 
was obtained as a somewhat pungent oil feebly 
cxiilosive on heating and dccoini)oscd by 
NaOH or FeS 04 . By l^ydrolysis of this 
product or by catalytic decomposition, com¬ 
pounds were obtained identical with those 
formed in the autoxidatiou of ether, viz. ethyl 
alcohol, acetaldehyde, acetic acid and hydrogen 
peroxide. On heating the product at 70-75° 
under reduced pressure (20 mm.) a highly 
explosive compound having the properties of 
“ ether peroxide ” was obtained, which from 
previous experiments on the oxidation of 
acetaldehyde by hydrogen peroxide the authors 
concluded was a polymeric form of ethylidenc 
peroxide. 

To obviate the danger of explosion from the 
use of ether which may contain peroxides, 
Werner (Analyst, 1933, 58, 335) recommends the 
following method for their removal. To every 
500 c.c. of ether 4 g. of silver nitrate in 30 c.c. 
of water is added, followed by 60 c.c. of 
A- NaOH solution. The mixture is then 
shaken for 5-6 minutes. The peroxides are 
decomposed and aldehydes and unaaturated 
compounds oxidised to acids which are neutral¬ 
ised by the excess of alkali. Ether so treated 
is stated to be sufficiently pure for anajstbetic 
purposes without further drying or distil¬ 
lation. 

Since autoxidation is responsible for the 
deterioration of ether on keeping and gives rise 
to undesirable impurities in anaBsthotic ether, 
many suggestions for the stabilisation of ether 
have been made during recent years and 
numerous patents on the subject have been 
taken out by those interested. It has been 
found, for example, that whereas deterioration 
occurs in glass or tin containers, ether remains 
practically unchanged when stored in con¬ 
tainers of metallic copper (Nitardy and Bill- 
heimer, J. Amer. Pharm. Assoc. 1932, 21, 112). 
The introduction of a strip of metallic copper 
into ordinary containers likewise inhibits the 
formation of peroxides, although it is to be 
noted that it does not destroy any peroxide 
present in the original ether. A similar result 
is claimed for the use of cuprous oxide and 
cuprous salts. Further, it has been found that 
although metallic tin does not prevent autoxida¬ 
tion of ether, if the surface of the metal is coated 
with a ffim of oxide by the action of oxidising 
agents (potassium permanganate, heating in air. 


etc.) or with a protective varnish, autoxidation 
does not take place. Containers either wholly of 
lead or the interiors of which are coated with 
lead are satisfactory for the storage of ether. 
Aluminium containers act as catalysers of 
oxidation, but if the surface of the material in 
contact with the ether be oxidised stability 
results. Iron, iron oxides and ferrous salts are 
satisfactory stabilisers, and the use of iron wire, 
etc., in ordinary containers has been patented. 
Chromium, nickel and chromium-nickel-iron 
alloy are also effective stabilisers. The use 
of organic stabilisers, for example alkaline 
pyrogallol (adsorbed on asbestos, etc.), has been 
suggested for preserving ether, and according to 
Nolan (Lancet, 1933, 225, 129) the presence of 
a trace of hydroquinone efl'ectivciy prevents 
the formation of peroxides in aneesthetic ether. 
Benzidine is also an effcctiv (3 anticatalyst, 
resorcinol less so. Metallic sodium, potassium 
carbonate and quicklime have also been 
claimed as stabilisers {v. Ethers). 

A test for the stability of ether has been 
suggested by Livorsedgo (Analyst, 1934, 59, 
815) which consists in submitting the sample to 
the action of ultra-violet rays under certain 
dclincd conditions for 1 hour. ^iJoine samples 
which satisfy all pharniacopa'ial requirements 
are, neverth(?lcss, affected by such treatment 
and are considered to bo unsuitable for export 
to tropical localities. 

Test for Peroxides in Ether .—The usual test 
for the presence of peroxides in ether depends 
upon the liberation of iodine from a solution 
of potassium iodide. A modification of this 
test which is claimed to show the presence of 
1 : 1 , 000,000 of peroxide is described by Green 
and Schoetzow (J. Amer. Pharm. Assoc. 1933, 
22, 412). The test is carried out as follows: 
100 c.c. of ether are mixed with 20 c.c. of absolute 
alcohol. To this is added a freshly prepared 
solution of cadmium and potassium iodide 
(KgCdl^) (1 g.) in 5 c.c. of 30% acetic acid, and 
the resulting solution kept in the dark for 1 hour. 
Development of a yellow colour denotes the 
presence of peroxides. The test can bo made 
quantitative by titration with A/50 NagSjOj,. 

A blank experiment is carried out as 
control. 

Test for Aldehyde in Ether .—The more 
commonly employed tests for aldehyde in ether 
are (1) contact with solid KOH under specific 
conditions, when a yellow or brown coloration 
is produced on the surface of the KOH in 
presence of aldehyde, or ( 2 ) treatment with 
Nessler’s solution under specific conditions, 
when the production of an opalescence or 
precipitate indicates the presence of aldehyde. 
Van Deripe, BiUheimer and Nitardy {ibid. 1936, 
25, 209) state that under the usual conditions 
the Nessler test reacts with as little as 0 * 6 % 
of alcohol in ether, giving a positive reaction in 
the absence of aldehyde. To overcome this 
diflScuIty they describe the following procedure : 
20 c.c. of ether is placed in a colourless stoppered 
cylinder and 7 c.c. of a solution obtained by 
diluting 1 c.c. of Nessler’s reagent (U.S. Pharma¬ 
copoeia) with 17 c.c. of a saturated solution of 
so^um chloride is added. The mixture is 
shaken vigorously for 10 seconds and set aside 
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for 1 minute. The aqueous layer should show 
no turbidity. The test is said to indicate the 
presence of 1 : 1 , 000,000 of aldehyde, but does 
not react with alcohol within the specified time. 

j9;8".Dichloroethyl ether, (CICH 2 CH 2 ) 20 . 
—Chlorine reacts violently with ether under 
ordinary conditions, setting fire to it and 
liberating carbon. If the ether be kept cooled 
substituted products are obtained. Of the 
numerous halogen derivatives described in the 
literature only jSjS'-dichloroethyl ether is of 
practical interest. It is prepared by the action 
of sulphuric acid on ethylene chlorohydrin 
(chloroethyl alcohol) (Kamin and Waldo, J. 
Amer. Chem. Soc. 1921, 43, 2223). Also from 
ethylene by the action of mercuric sulphate 
and subsequent treatment of the dimercurated 
ether sulphate produced with chlorine (G.P. 
437159) or by the a ction of ethylene chlorohydrin 
and chlorine on ethylene at 85"^ (F.P. 773140). 

j 8 )S'-I)ichloroethyl ether is a colourless liquid, 
b.p. 178°C., m.p. —sp.gr. T22, viscosity 
2-02 centipoises, llash-])oint 75*6''C. One part 
dissolves in 100 parts of water at 20 ° and in 
a bout 60 i)arts at 90°. 

It is largely employed in industry as a solvent 
for tars, fats, waxes, oils, resins, etc., and in 
the textile industry. It dissolves cellulose 
nitrate, but not cellulose acetate. It is very 
largely employed as a selective solvent for the 
refining of crude oils, especially lubricating oils 
for the motor industry. 

A. J. E. 

ETHYL RED v. Cyanine Dyes (Vol. Ill, 
p. 5155). 

ETHYLENE v. Etiivl (tliis V<d., p. 3725). 

ETHYLQUINUCLIDONE e. Cinchona 
Alkaloids (Vol. Ill, p. 104c). 

ETOSCOL V. Dermatol. 

EUBORNYL (BROVALOL). Trade 

names for bomyl a-bromon 9 ovalcrate, used as a 
nerve sedative (LJ. 8 . Dispensatory, 1937). 

a-EUCAINE: 

MegC-CHa 

I I ^OCOPh 

NH C< 

I I \CO,Me 

Me^C-CHjj 

a-Eucaine, formerly used as a substitute for 
cocaine, was first prepared by Merling (Ber. 
Dent. Pharm. Ges. 1897, 6, 173) by acting on 
acetone with ammonia to form triacetonamine, 
treating this with hydrogen cyanide to form 
the cyanhydrin, which by hydrolysis yields 
triacetone-alkamine carboxylic acid. On 
benzoylation and rnethylation it forms a- 
eucaine. 

a-Eucaino yields characteristic precipitates 
with platinic chloride, mercuric chloride, etc., 
suitable for its microchemical detection (F. 
Amelink, Pharm. Weekblad, 1932, 69, 1289). 

)9>EUCAINE, benzamincy 2:6:6-trimethyl-4- 
benzoylpiperidine; 

MeCH-CHg 

NH CHOCOPh 

I I 

MegC-CHg 


j 8 -Eucaine, administered as the lactate or 
hydrochloride, has superseded a-eucaine as a 
local anaesthetic. The borate (analogue of 
borocaine), which is one-third as toxic as 
cocaine hydrochloride, has also been suggested (A. 
Copeland, Brit. Mod. J. 1926, 1, 82). Further, 
the ansBsthotic action may be increased by 
incorporating antipyretics, such as antipyrin 
and lactophenin (0. Stender, Arch. exp. Path. 
Pharm. 1929, 141, 373). ^-Eiicaine is syn¬ 

thesised by the following series of reactions : 

2 Me 2 CO^ NH 3 -V Me 2 C(NH 2 )CH 2 COMe 

MeCH-CH 2 

MeCH(OEt). I I 

-jsjH CO 

i I 

Me^C-CH. 

icdiictioii I 

MeCH-CH 2 

PhCOCI I I 

jS-Encaim^ NH CHOH 

I I 

MeoC-CH, 

H. King has resolved y3-eucaine into 
its optical antipodes (J.C.S. 1924, 125, 41). 
Its detection is of practical importance and 
characteristic products with potassium ferro- 
cyanide, picric acid, sodium hypochlorite, etc,, 
have been described (reviews: C. Walrand, J. 
Pharm. de Belg. 1922, 4, 785; G. Griebel, 
Apoth.-Ztg. 1935, 50, 15; see also C. Ofl’erhaus 
and C. Baert, Pharm. Wcc^kblad, 1933, 70, 617). 

E UC AIRIT E. Selenide of silver and copper 
(Ag,Cu) 2 Se, crystallising in the cubic system. 
It is lead-grey, but usually tarnished and dull; 
sp.gr. 7-5. It is found massive and granular 
embedded in calcite in the Skrikerum copper 
mine in 8 maland, Sweden, and in the Cacheuta 
mine in the province of Mendoza, Argentina. 

L. J. S. 

EUCALYPTOL c. 1:8-Cineolk. 

EUCALYPTUS, ESSENTIAL OILS 

OF. The eucalypts form about 75% of the 
vegetation of the Australian continent and 
comprise over 300 species. They are valued 
for their timber, essential oils, and for their 
gum-resin known as kino. They have been 
exhaustively studied by Baker and Smith 
working at the Technological Museum at 
Sydney, and their results have been published 
in a valuable work entitled “ A Research on the 
Eucalypts, especially in regard to their Essential 
Oils,” 2nd ed., Sydney, 1920. Later researches 
have been carried out by Penfold and his 
collaborators, who have also studied the distil¬ 
lation of the oils in the various parts of the 
country. Eucalyptus oil is employed for medi¬ 
cinal purposes, and the fighter oils are used for 
mineral flotation. The oil is distilled with 
steam from the leaves and terminal branches. 
The species formerly distilled, on which the 
reputation of eucalyptus oil as a remedial 
agent was established, contained large pro¬ 
portions of pinene and phellandrene and often 
less than 60% of cineole. Later, however, 
oils containing a high percentage of cineole 
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came into favour, and to-day 70% of cineole 
is the minimum required for medicinal pur- 
poses. Oils containing 80% or more fetch the 
highest prices. For mineral separation oils 
of Eticalyptus dives and E. phellandra are mostly 
employed. For perfumery purposes the oils 
of E. Macarihuri, which contains geranyl 
acetate, and E. citriodora, which contains 
citronellal, are in demand. Experiments have 
also been made on the use of the oil for motor 
fuel. 

Constituents .—A large number of constituents 
have been found in the oils from various species 
of eucalyptus. These may be classified as 
follows: 

Oxide. Cineole (eucalyptol). 

Alcohols. Methyl, ethyl, butyl, iaobutyl, 
iso&myl, geraniol, terpineol, piperitol, globulol, 
pinocarveol, eudesraol. 

Aldehydes. Butyraldehyde, valcraldehyde, 
cuminal, aromadendral, cr 3 ^ptal, phellandral, 
citral, citronellal. 

Ketone. Piperitone. 

Phenols. Tasrnanol, australol. 

Free Acids. Acetic and formic. 

Esters. Geranyl acetate, butyl butyrate, 
amyl eudesmate, amyl phenylacetate, terpinyl 
acetate, terpinyl butyrate, valeric esters. 

Terpenes. d- and Z-a-Pinene, a- and ^-phel- 
landrene, terpinene, limonene, dipentene. 

Sesquiterpene. Aromadendreno. 

Benzene Hydrocarbon. Cj^mene. 

Solid Hydrocarbon. Paraffin, 

Of these constituents cineole, piperitone and 
citronellal are extracted and form marketable 
products. Piperitone is now largely used for 
the manufacture of thymol and menthol. 

The eucalypts are divided by Baker and 
Smith into eight main groups based on their 
chemical constituents. 

Group 1. Pinene oils containing little or no 
cineole and no phellandrene (21 members): 

Eucalyptus calophyllay E. diversicolor., E. 
tesaelarisy E. trachyphloia, E. ierminalis, E. 
corymbosa, E. intermedia^ E. eximia, E. botryoides, 
E. robusta, E. saligna^ E, saligna (var. pallidi- 
valvis), E. nova-anglica, E. acaciaeformiSy E. 
Bydalensis, E. carnea, E, dextropineoy E. nigray 
E. laevopineay E. phlebophyllay E. alpina. 

Group 2. Pinene and cineole oils, the cineole 
not exceeding 40% (26 members): 

Eucalyptus Wilkinsoniaruiy E. eugenioideSy E. 
umbra, E. santaHfolia, E. Blaxlandiy E. micro- 
corySy E. hemilampra, E, corynocalyx, E. fasci- 
culosa, E. megacarpa, E. redunca, E. Lehmanni, 
E. leucoxylon, E. rudis, E, maculatay E, inter- 
texta, E. lactea, E. palvdosa, E. Baeuerleni, E. 
viminalis (var. o), E. paniculatay E. cornuta, E. 
quandrangulatay E. conica, E. Bosistoana. 

Group 3, Class A. Cineole and pinene oils, 
cineole 40-60%. Phellandrene absent, aromatic 
aldehydes rarely occur (24 members): 

Eucalyptus polyanthemoSy E. Stuartianay E. 
Stuartiana (var. cordata), E. bicolor, E. Umgifolia, 
E. Behriana, E. Bossii, E. salmonophloia, E. 
Seeana, E, rostrata (var. borealis), E. camphora, 
E, Maideni, E. Bodwayi, E. cinerea, E. dealbata, 


E. resinifera, E. accedens, E, vemicosa, E, 
umigera, E» uniatata, E, Chdlicki, E, platypus, 
E. calycogona, E. Dalympleana. 

Group 3, Class B. Cineole and pinene oils, 
cineole exceeding 56%. Phellandrene and 
aromatic aldehydes absent (21 members): 

Eucalyptus sideroxylon, E. squamosa, E. 
Smiihiiy E. Bridgesiana, E. populifoUa, E. 
Parramattensisy E. parvifolia, E. pumila, E. 
pulverulenta, E. Morrisii, E. Moorei, E. 
Muelleri, E. longicornis, E. Perriniana, E. costata, 
E. maculosa, E. goniocalyx, E. globuluSy E. 
Nepeanensisy E. cordata, E. Australiana. 

Group 4, Class A. Cineole and pinene oils, 
cineole over 40%, pinene diminishing. Aromatic 
aldehydes appearing ; phellandrene absent (10 
members): 

Eucalyptus elaeophoray E. punctata, E. tereti- 
cornis (var. cineoLifera), E. cosmophylla, E. stricta, 
E. oleosa, E. diimosa, E. polybractea, E. cneori- 
folia, E. odorata. 

Group 4, Class B. Oils containing over 40% 
cineole ; phellandrene makes its appearance 
(6 members) : 

Eucalyptus melliodora, E. ovalifolia (var. 
lanceolata), E. Consideniana, E. Risdoni, E. 
j linearis. 

Group 6. Cineole not over 40%, pinene and 
aromatic aldehydes present; phellandrene 
usually absent (18 members): 

Eucalyptus tereticornis, E. punctata (var. 
didyma), E. rostrata, E. propinqua, E. Deanii, 

\ E. Rudderi, E. salubris, E. occidentalis, E. exserta, 

I E. marginata, E. ajfinis, E. Fletcheri, E. WooU- 
I siana, E. albens, E. hemiphloia, E. gracilis, E. 
viridis, E. uncinata. 

Group 0. Pinene, cineole and phellandrene 
oils ; cineole not exceeding 40% (24 members): 

Eucalyptus viminalis, E. Gunnii, E. rubida, 
E. Irbyi, E. Bancrofti, E. acervula, E. hsemastorna, 
E. Laseroni, E. ovalifolia, E. Dawsoni, E. ango- 
phoraides, E. microtheca, K. fastigata, E. fraxi- 
noideSy E. macrorhynca, E. capitellata, E. acmeni- 
oides, E. Planchoniana, E. pilularis, E. obliqua, 
E. crebra, E. siderophloia, E. melanophloia, E. 
cmrulea. 

Group 7, Glass A. Phellandrene, cineole and 
piperitone oils ; cineole not exceeding 40% 
(7 members): 

Eucalyptus piperita, E. amygdalina, E. amyg- 
dalina (var. nitida), E. phellandra, E. vitrea, E. 
Luehmanniana, E. coccifera. 

Group 7, Class B. Phellandrene and piperi¬ 
tone oils ; cineole almost, if not completely, 
absent (11 members) : 

Eucalyptus coriacea, E. Sieberiana, E. cam- 
panvXata, E. oreades, E. Delegatensis, E. regnans, 
E. gomphocephala, E. tseniola, E. Andrewsi, E. 
dives, E, radiata. 

Group 8 includes those not above classified; 
cineole almost, if not completely, absent (10 
members): 

Eucalyptus virgata, E. steUulata, E, Macarthuri, 
E. aggregata, E. Staigeriana, E. ^terUinervis, 
E, citriodora, E. Marsdeni, E. ligustrina, E. 
apicvlata. 
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Eucalyptus Oils.—Characters. Oils in¬ 
tended for medicinal purposes should have the 
characters set out in the British Pharmacopoeia, 
which are as follows : 

Specific gravity—0-910 to 0-930. 

Optical rotation-5° to +5°. 

Refractive index at 20"'—1-458 to 1-470. 

Cineole-con tent—not less than 70% by weight. 

Solubility—1 in 5 volumes 70% alcohol. 

The method of determining cineole-content is 
that described in the British Pharmacopoeia, 1932. 

Oil of Eucalyptus Citriodora. —The char- 
acters of this oil are as follows ; 

Specific gravity—0-865 to 0-870. 

Optical rotation-1° to ~2'^\ 

Refractive index at 20""—1-4515 to 1-4596. 

Citronellal-con tent—85 to 95%. 

Solubility—1 in 2 volumes 70% alcohol. 

The citronellal-content should be determined 
by the hydroxylamino method. 

C T B 

EUCALYPTUS MACRORHYNCHA is 

the “ red stringy bark ” of New South Wales 
and the ordinary “ stringy bark tree ” of 
Victoria. By extracting the leaves with boiling 
water, Smith (J.C.S. 1898, 73, 698) obtained a 
very large amount (10%) of a yellow crystalline 
glycoside which ho termed viyrticolorin. When 
hydrolysed it gave quercetin and glucose, and 
at first apj)eared to bo a new glucoside of 
quercetin. Subsequently it was shown by 
Perkin {ibid. 1910, 97, 1770) that myrticolorin 
yields quercetin, glucose and rhamnose on 
hydrolysis, and is identical with rutiriy quercetin 
3-rutinoside. 

A. G. P, and E. J. C. 

EUCARVONE. The ketone, cucarroiiey 
C,„HnO (IV), b.p. 88710 mm., rff 0-9490, 
1-50872 {semicarhazoncy m.p. 183-185'', oxirncy 
m.p. 106®, hydroxylamino-oxiwey m.p. 141-142°, 
benzylidene derivative, m.p. 112-113®), W'as first 
prepared by Baeyer (Ber. 1894, 27, 810) by 
the action of alkali on carvone hydrobromide (I). 
It was later prepared by Clarke and Lapworth 
(J.C.S. 1910, 97, 15) by the action of alkali on 
cyanocarone (II) in the presence of ferrous 
hydroxide. According to Kaku, Kondo, Cho 
and Orita (Keijo J. Med. 1931, 2, 660) it occurs 
in the oil from Asarum Sieboldiy var. scoulensis 
Nakai. To eucarvone Baeyer originally assigned 
the bicyclic structure III, but it was later 
shown by Wallach (Annalen, 1899, 305, 242, 
274; 1906, 839, 94; Ber. 1896, 29, 1600) to 
be the monocyclic ketone (IV), since tetrahydro- 
eucarvone (V) gave on oxidation with potas¬ 
sium permanganate the liquid keto-acid (VI) 
{aemicarbazone, m.p. 101-102°), which on further 
oxidation with sodium hypobromite gave 
pp^dimethylpimelic acid (VII). On oxidation 
with potassium permanganate eucarvone yields 
utf-dimethylsuccinic acid. 


CMe 

H(5^ 

H.i is, 

CH-CBrMe, 

I. 


HCMe 

NCCH CO 

Hjd: CH 

CMe, 
II. 


CMe 

H.i in 

CH—CMe, 
III. 

CHMe 

H,(!;——i^Me, 

V. 

CO,H 

H,d^ CO,H 

is, 

H,C-<!:Me, 

VII. 


CMe 

H(!: in, 

hI -(!:Me, 

IV. 

COMe 

H,d^ CO.H 

1 I 

H,d CH, 

Hjd-<!:Me, 

VI. 

CMe 

Hd^ ^CO 

H,(!: i:H, 

H,(!;-i:Me, 

X. 


Eucarvone, when mixed with strong methyl 
alcoholic potassium hydroxide solution, gives a 
highly characteristic blue colour which is 
discharged on dilution with water (Baeyer, Ber. 
1894, 27, 812). It is somewhat unstable and 
when heated isomerises to carvacrol. It gives 
on treatment with phosphorus pentachloride 
2-chloro-p-cymene (KlagesandKraith, ibid. 

32, 2550). By reduction with sodium and ethyl 
alcohol it gives a mixture of a-dihydroeua^arveol 
(VIII), b.p. 216®, d^^ 0-929, wj® 1-47686 {phenyl- 
urethancy m.p. 61-63°), and teirakydroeucarveoly 
b.p. 216°, d 20 0-9096, n^ 1-4639. Oxidation of 
the former with chromic acid yields a-dihydro- 
eucarvone (IX), b.p. 202-203®, df 0-9222, njf 


CHMe 




H,C %HOH 
HC^ (!:h, 

II I 

-dMe. 


HC- 


VIII. 


CHMe 
,d^^HCI 
H(!: in, 

-CMe, 


hI 


XI. 


CHMe 

H,d^ 

nd; in, 

hI; -(!:Me, 

IX. 

CMe 

H,d^ ^H 

ni in, 

II i 

-CMe, 


HC 


XII. 


1-46978, semicarhazoney m.i). 189—191®, bia- 

nitroso-denv&tivey m.p. 121-124° (Baeyer, Ber. 
1895, 28, 646), whilst from the tetrahydro- 
alcohol, tetrahydroeucarvonCy b.p. 208-209®, 
d*® 0-9063, 1-4654, semicarbazonea, m.p, 201® 

and 161-163°, mVroso-derivative, m.p. 10^106®, 
can be prepared. The saturated ketone is more 
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readily obtained by the catalytic hydrogenation 
of eucarvone (Wallach, Annalen, 1911, 381 
67; 1914,408,87). 

By the catalytic hydrogenation of eucarvone 
oxime Wallach {ibid. 1914, 403, 87) prepared 
^’dihydroeucarvone oximey m.p. 122-123°, from 
which by hydrolysis ^-dihydroeucarvone (X), 
b.p. 213-214°, d^^ 0-9325, 1-4790, semi 

carhazone, m.p. 202°, was obtained. The 
structure of the ketone was proved by its oxida¬ 
tion to ^^-dimethyladipic acid. 

By the action of phosphorus pentachloride 
on a-dihydrocarveol Baeyer (Bcr. 1898, 31, 
2077; cf. Klagcs and Kraith, ibid. 1899, 32, 
2561) prepared the chloride (XI), b.p. 100— 
110°/29 mm., which on digestion with quinoline 
gave euierpene (XII), b.p. 161-165°. Degrada¬ 
tion of this hydrocarbon by the Baeyer-Villigcr 
method of exhaustive bromination gave 1:2 
dimethyl-4-ethylbenzene. 

J. L. S 

EUCAZULENE v. Achillea Millefolium. 

EUCHRYSIN V. Acridine Dyestuffs 
(Vol. I, p. 132a). 

E U C LAS E. Basic silicate of aluminium and 
beryllium (BeO 17*3%), HBeAlSiOg, crystal- 
h’sing in the monochnic system. The well 
developed crystals show a very perfect cleavage 
parallel to the plane of symmetry’’, hence the 
name, from cu, well, and icAderts, fracture. 
They are colourless, yellow, green or blue ; 
8p.gr. 3-1 (higher than that of beryl); H. 7J. 
The mineral is not attacked by acids, and the 
water is expelled only at a high temperature. 
It is found as single isolated crystals in gold 
washings at Ouro Preto in Brazil, and on the 
River Sanarka in the southern Urals. Minute 
crystals have also been found in mica-schist in 
the Grossglockner district of the Austrian Alps, 
and in granite in the Fichtclgebirge, Bavaria. 
Curious forms resembling mushrooms and con¬ 
sisting of radial aggregates of minute crystals 
have been found in gold and diamond washings 
in British Guiana. A crystal 7-2 cm. long 
(much larger than any previously known) has 
come from pegmatite in a mica mine in the 
Morogoro district, Tanganyika Territory (L. J. 
(Spencer, Min. Mag. 1934, 23, 616). The mineral 
is occasionally cut as a gem-stone, but it has 
the drawback that it readily splits along the 
perfect cleavage (v. Eudidymite, Beryl). 

L. J. S. 

EUCODAL (EUKODAL) (Mercky Darm- 
sladt)y dihydrohydroxycodeinone hydrochloride, 
Ci 8 H 2 iN 04 ,HCI, 3 H 20 , a substitute for mor¬ 
phine. For detection, see King, Analyst, 1931, 
56, 498. 

EUCODEINE. Codeine methyl bromide, a 
substitute for codeine (Boehringevy Mannheim; 
Mertensy London). (B.P.C. 1934.)- 

EUCOL. Trade name for guaiacol acetate, 
used in pharmacy (G. Biscaro, Boll. Chim. farm. 
1907, 46, 63) {v. Catechol, Vol. II, p. 43Id). 

EUCOLITE V. Apatite and Eudialite. 

EUCRYPTITE. Orthosilicate of alumin¬ 
ium and lithium (LLO 11-9%), LiAISi 04 , 
crystallising in the hexagonal system and 
belonging to the nephehne group of minerals. 

It occurs intimately intergrown with albitc as 


an alteration product of spodumene at Branch- 
vdle, Connecticut. An artificial orthorhombic 
form of LiAISi 04 , dimorphous with eucryptite, 
has been called pseudo- or ^-eucryptite (F. M. 
Jaeger and A. Simek, J.C.S. 1914,106, [ii], 810). 

L. J. S. 

EUCUPIN. Brand of i^oamylhydro- 
cupreinie hydrochloridium {Zimmery Mannheim ; 
Pharmaceutical Products, London; B.P.C. 
1934) {v. Cinchona Alkaloids, Vol. Ill, 
p. 1685). 

E UD ALEN, l-methyl-7-^>opropylnaphtha- 
lene, b.p. 140°/11 mm. (Ruzicka et al.y Helv, 
Chim. Acta, 1922, 5, 361, 923). 

EUDESMIN, CggHgcOe, is found in the 
kinos of the eucalyptus species. It may be 
obtained by extracting the concentrated 
aqueous solution with ether and purifying by 
treatment with chloroform. It crystallises from 
methyl alcohol in colourless prismatic needles with 
a lustre resembling spermaceti, m.p. 107-108°, 
-64-2° (in chloroform). It dissolves in 
hot water, but crystallises out on cooling. 
Soluble in alcohol, ether, ethyl acetate and 
chloroform, but insoluble in benzene, light 
petroleum or carbon bisulphide. It is dissolved 
by sulphuric acid, giving a red solution. 

Kitric acid converts it into dinitroeudesmin, 
colourless needles, m.p. 214°. Boiling con¬ 
centrated nitric acid forms 4:5-dtnitroveratrole. 
Chlorine in acetic acid solution gives dichloro- 
eudesmin, colourless rectangular plates, m.p. 
163°. Dibromoeudesminy similarly prepared, 
colourless needles, m.p. 172°, gives on oxidation 
with permanganate Q-hromoveratric acid, 
m.p. 184°. Di-iodoeMdesmiUy needles, m.p. 
175°. 

Eudesmin contains four methoxyl groups, and 
is unacted upon by hydroxyl or ketone reagents. 
The production of veratrole and veratric acid 
derivatives from eudesmin points to the presence 
in it of the structure 


MeOr 

Meo' 


\ 



"^OMe 

OMe 


(Robinson and Smith, J. Roy. Soc. New South 
Wales, 1914, 48, 449). 

The structure of the —CgHgOg— group is 
probably the same as in a-sesamin: 

O-CHj 

/ \ 

CH—( )0 

o 

L-ch I 

o 

CH^ 


riHrw' 


HoC- 

\ 

O 


CH- 


(Adriani, Z. Unters. Lebensm. 1928, 56, 187), 
as eudesmin has been obtained from a-sesamin 
by heating in a sealed tube with methyl alcoholic 
potassium hydroxide and subsequent treatment 
with diazomethane (T. Kaku and H. Ri, Keijo 
T, Med. 1938, 9, 5-30; A. 1938, 2, 275). 

J. J. B. 
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EUDESMOL. The sesquiterpene alcohol, 
eudesmol, known also as selinenoU CjgHjgO, 
m.p. 82-83°, b.p. 156710 mm., 0-9884, 
1-516, [a]x> +31-3° (in chloroform), was first 
isolated by Baker and Smith (J. Proc. Roy. Soc. 
New South Wales, 1897, 31, 195) from the oil 
of Eucalyptus piperilay and it has since been 
found to be the constituent of many eucalyptus 
oils (Baker and Smith, “ A Research on the 
Eucalypts,” 2nd ed., 1920). The most con¬ 
venient source of the alcohol is the oil from E. 
Macarthuri. 

Identical with eiidesmol are the alcohols, 
uncincol from Melaleuca uncinata (Baker and 
Smith, J. Proc. Roy. Soc. Now South Wales, 
1907, 41, 196; Perifold, ibid. 1025, 49, 124); 
wacJiiloly from the oil of MacJiilus Kusanoi 
(Schimmel’s Report, 1914, 1, 104; Takasi, J. 
Pharm. Soc. Japan, 1921, 473, 1; Ruzicka, 
Koolhaas and Wind, Helv. Chim. Acta, 1931, 
14, 1178) and atractylol (Gadamcr and Ameno- 
miya. Arch. Pharm. 1903, 241, 23 ; Takasi, l.c .; 
Ruzicka, Koolhaas and Wind, l.c.). 

It was shown by Semrnler and Tobias (Ber. 
1913, 46, 2026) that eiuiesmol was a dicyclic 
alcohol, but the elucidation of its structure is 
due to the investigations of Ruzicka and his 
collaborators (Ruzicka, Meyer and Mingazzini, 
Helv. Chim. Acta, 1922, 5, 362; Ruzicka, 
Koolhaas and W'ind, ibid. 1931, 14, 1132; 
Ruzicka and Capato, Amialen, 1927, 453, 62). 

On dehydrogenation with sulphur eudesinol 
gave eudalcne^ whilst on treatment with 
hydrogen chloride it gave selinene dihydrochloride 
(1), m.p. 74-75°, identical with the product 
prepared by the action of this reagent on 
selinene. This showed that the hydroxyl group 
juust bo in one of the positions shown in the 
skeleton formuloe II and HI. I 



II. 


Me 


semicarbazones, m.p. 215° and 236°. Reduction 
of the ketone gave an unsaturated alcohol (VII), 
C. 4 H 24 O, b.p. 145--146°/12 mm., which on 
dehydrogenation with sulphur gave 
propylnaphthalene (VIII). 
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Final proof of the structure assigned to oudesmol 
was furnished by the reactions outlined in the 
scheme given below. 



Degradation of eudesmol showed that it must 
be represented by IV, since on ozonolysis it 
gave a keto-alcohol (V), C 24 H 24 O 2 , m.p. 119- 
120 °, yielding on dehydration tne unsaturated 
keUme (VI), C 14 H 22 O, b.p. I 2 O-I 6 O 712 mm., 


^ Me2C(OH) <!:H <1 h Ih. 

CH. CHMe 



4HCI 


MeCO 
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•CH -HoCrCMe-CH -Mc-CCI-CH 
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Although eudesmol consists essentially of the 
alcohol represented by IV, it always contains 
in varying amounts ^-eudesmol (IX), the 
presence of which does not appear to affect the 
melting-point or rotatory power. “ Machilol ” 
has been shown to consist essentially of p- 
eudesmol, ozonolysis giving the hydroxy heto- 
aldehyde (X) and the acid (XI). 


CH 


Me 


CHo 


Me2C(OH)CH 



CHo 

I 

CH 



J. L. S. 

EUDIALYTE. >Silicatc and zirconate 
(Zr02 14-16%) of sodium, calcium and 
ferrous iron, occurring as large well-developed 
rhombohedral crystals. These arc brownish-red 
or rose-red in colour; sp.gr. 2-9-3T. The 
mineral occurs in iieplieline- and sodahte- 
syenites in the Julianehaab district in south 
Greenland, at Magnet Cove in Arkansas, and in 
considerable amount as a rock-forming mineral 
in the Kola peninsula in Kussian Lapland. 
The name eudialyte, from ciJ, well, and StaAvctv, 
to dissolve, refers to the fact that the mineral 
is readily decomposed by acids. 

Eucolitet a closely related variety, differs in 
being optically negative, instead of positive. 
This is from the nepheline-syenites of the 
Langesundfjord in Norway. 

L. J. S. 

EUDIDYMITE. A rare mineral consisting 
of beryllium (BeO 10*2%) and sodium silicate, 
HNaBeSLOg, crystallised in the monoclinic 
system. The small, glassy and platy crystals 
have a perfect cleavage and are frequently 
twinned (hence the name). It occurs in 
nepbeline-syenite at Langesundfjord, Norway, 
and Julianehaab, south Greenland. Epididymite 
has the same chemical composition, but the 
crystals are orthorhombic and with different 
optical characters. It is found in association 
with eudidymite. 

L. J. S. 

EUDRENINE. Trade name for a pre¬ 
paration of )S-eucaine and adrenaline hydro¬ 
chloride, used as a local anaesthetic in dentistry 
and minor surcery (Pharm.-Ztg. 1906, 60, 421). 

EUGALLOL. PyrogaUol monoacetate, 
used in the treatment of skin diseases {KnoUt 
Jbvdwigahajen; Pharmaceutical ProducU^ 
lAmdm) (B.P.C. 1934). 


EUGENOL, 

(MeO)(HO)CeH8CH2CH:CH,. 

3-methoxy-4-hydroxy-allylbenzene, occurs in 
oil of cloves from the leaves of Eugenia caryo- 
phyllata Thunb. (Ettling, Annalen, 1834, 9, 
68) ; in the oil from the leaves (mainly) of 
many species of Cinnamomum : C. cassia 
Blume (Duyk, Chem. Zentr. 1896, II, 358), G. 
camphora (Sherwood and Short, J.S.C.I. 1931, 
50, 195T), C. zeylanicum Nees (Duyk, i.c.), 
G. pedatiriervium Meissn. (Goulding, J.C.S. 
1903, 83, 1101), G. Sintoh Bl. (Karyono and 
Morotomi, J. Pharm. Soc. Japan, 1928, 48, 
79), <7. Tamala Nees and Eberm. (Schimmel & 
Co., Chem. Zentr. 1910, I, 1720); from the fruit 
and leaves of Pimenta officinalis Lindl. (Bull. 
Imp. Inst. 1919, 17, 297): in the oil from 
Ocimum, hasilicurn L. (Schimmel & Co., Chem. 
Zentr. 1900,1, 906); O. graiissimum L. (Roberts, 
J.S.C.I. 1921, 40, 164T), 0. sanctum L. (Bull. 
Imp. Inst. 1934, 82, 534) ; from the sap of 
Acacia farneaiana Willd. (Walbaum, J. pr. 
Chem. 1903, [ii], 68 , 235) ; in oil of calamus 
(Thoms and Beckstroeni, Ber. 1902, 85, 3187), 
of nutmeg (Power and Salway, J.C.S. 1907, 91, 
2041), of Ylang-Ylang (Schimmel & Co., Chem. 
Zentr. 1903, I, 1087, II, 272), of carnations 
(Treff and Wittrisch, J. pr. Chem. 1929, [ii], 122, 
332) ; ill Massoi bark oil (Gildemeister and 
Stephan, Arch. Pharm. 1897, 235, 583; Schimmel 
& Co., Chem. Zentr. 1918, I, 492), and 
97% in the oil of Thea Sasanqua (lOmura, 
Chem. Zentr. 1911, I, 1613), and oil of bay leaf 
(Mittmann, Arch. Pharm. 1889, [iii], 27, 639; 
Palkin and Wells, J. Amer. Chem. Soc. 1933, 
55, 1549, 1556) ; in oil from the rhizome of 
Jiheum Emodi Wall. (Mohiuddin, ibid. 1936, 
I, 3761), and also in other essential oils. 

The methyl ether of ougonol, 

(MeO)2C6H3CH2CH;CH2, 

occurs in oil from the wood of Dacrydium 
Franklinii (Huon pine oil) (Schimmel & Co., 
ibid. 1910, II, 1757); in the oil of Asarurn 
canadense L. (Power and Lees, J.C.S. 1902, 81, 
67) and of A. arifolium Michx. (Miller, Arch. 
Pharm. 1902, 240, 371); in oil from Paracoto 
bark (Jobst and Hesse, Annalen, 1879, 199, 
76); in Ylang-Ylang oil, oil from the bark of 
Cinnamomum pedatinerviumt and from Massoi 
bark oil {v. supra) ; in oil of citronella (Schimmel 
& Co., Chem. Zentr. 1899, II, 879), and in oil from 
the bark of Cinnamomum Oliveri Bail (Har¬ 
greaves, J.C.S. 1916, 110, ii, 761). A summary of 
the most productive natural sources of eugenol 
is given by Tatu (Parfum. mod. 1932, 26, 343). 

From the roots of Oeum urbanum L. is obtained 
the glycoside, pew, CgiHgoOu-HjO, crystal¬ 
lising in needles, m.p. 146°, [a]2)=—63-80° in 
aqueous solution. On hydrolysis with the 
enzyme pcoae, each molecule of gein yields one 
of eugenol and one of vicianose; hydrolysis 
with acids or emulsin, on the other hand, 
gives 1 molecule each of eugenol, d-gluoose 
and Z-arabinose (H^rissey and Cheymol, Compt. 
rend. 1926,180, 384; 1926,188,1307; Cheymol, 
Schweitz. Apoth. Ztg. 1928, 66, 283; Chem* 
Zentr. 1928, II, 457). Eugenol is also found 
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among the products of the dry distillation of 
lignin (Pictet and Gualis, Helv. Chim. Acta, 
1923, 6, 627; Fuchs, Ber. 1927,60, [B], 967; 
Phillips, J. Amer. Chem. Soc. 1929, 61, 2420). 

Oil of cloves, wliich contains eugenol and a 
terpene as chief constituents, is treated with 
potash ; the potassium salt of eugenol separates, 
is pressed out, washed with alcohol, and the 
eugenol set free by the addition of a mineral 
acid (Wasserman, Annalen, 1875, 179, 369). It 
is obtained in a similar manner from oil of 
cinnamon leaves or of Fimenta ojficinalia. 
Another method consists in separating eugenol 
from oil of cloves by means of the compound it 
forms with sodium acetate (Chem. Werko Byk, 
G.P. 100418; Chem. Zentr. 1899, I, 764). In 
the former process, a residue is left after tre^ating 
oil of cloves with potash, and by distilling this 
under reduced pressure, eugenylacetate, m.p. 29°, 
is obtained (Erdmann, J. pr. Chem. 1897, fii], 
56, 146). By reducing coniferin in alkaline 
solution with sodium amalgam, eugenol is 
formed (Chiozza, Chem. Zentr. 1888, 443). It 
may also be obtained synthetically from 
guaiacol-o-carboxylic acid. The methyl ester 
of this is converted into its allyl ether by treating 
with allyl bromide, potassium carbonate and 
potassium iodide in boiling methyl alcohol. 
When this ether is heated, the allyl group 
migrates to the -position in the nucleus 
and the methyl ester of 2-hydroxy-3-methoxy- 
6-allylbonzoic acid results. This is hydrolysed 
and the free acid treated with dimethylaniline 
to give eugenol by decarboxylation (Claisen, 
Annalen, 1918, 418, 69). Eugenyl methyl ether 
{allyl guaiacol) has been prepared synthetically 
by treating veratrole (catechol dimethyl ether) 
with allyl iodide and zinc dust (Moiireu, Compt. 
rend. 1895, 121, 721). Eugenyl methyl ether on 
treatment with methyl magnesium iodide yields 
a mixture of eugenol and chavibetol (S-hydroxy- 
4-methoxy-allylbenzene). These may be 
separated by the fractional crystallisation of 
their benzoates from light petroleum (Hirao, 
Bull. Chem. Soc. Japan, 1936, 11, 179). 

Pure eugenol is a colourless oil, b.p. 244-5° 
(Frankfurter and Lando, J. Amer. Chem. Soc. 
1905, 27, 641), 247-5° (Wasserman, Annalen, 
1876, 179, 366), 253-6° (corr.) (Perkin, J.C.S. 
1896, 69, 1247); flash-point -9-2° to -9-1° 
(Waterman and Priester, Kec. trav. chim. 1929, 
48, 1272); 10663 (Perkin, i.c.); df 1-0620 

(Dunstan and Hilditch, Z. Elektrochem. 1912, 
18, 185); df 1-0661 (W. and P., l.c.); Wp 1-54437 
(F. and L., l.c.); 1-5411 (W. and P., l.c.; 

Thompson, J.C.S. 1933, 567); viscosity at 25°, 
0-06931 (D. and H., l.c.); sp. magnetic rotation 
2-1974; mol. magnetic rotation at 15°, 18-727 
(Perkin, l.c.); mol. susceptibility —1063-10“’ 
(Pascal, Bull. Soc. chim. 1909, [iv], 5, 1060, 
1110); dielectric constant, 6-0 (Mathews, J. 
Physical Chem. 1906, 9, 641); sp. heat 0-5024 ; 
mol. heat of combustion 1,304 g.-cal. (F. and L., 
l.c.). The specific birefraction (Vorlander and 
Walter, Z. physikal. Chem. 1926, 118, 1) and 
magnetic birefiraction (Cotton and Mouton, 
Ann. Chim. Phys. 1913, [viii], 28, 209) have been 
determined. The dissociation constant, Ka, 
determined by measurements of conductivity 


in aqueous sodium hydroxide solutions at 26°, 
is of the order 1-10“^® (Rao, J. Ind. Chem. Soc. 
1936, 12, 161). The ultra-violet absorption 
spectra of eugenol in solution and in the gaseous 
state have been examined (Thompson, J.C.S. 
1923, 123, 1594; 1924, 125, 962; Piirvis, ibid. 
406). Eugenol is sparingly soluble in water and 
readily soluble in alcohol, ether and most 
organic solvents. 

Eugenol reddens blue litmus, smells strongly 
of cloves, has a burning taste and blisters the 
skin. It does not reduce Barreswil’s solution, 
but reduces ammoniacal silver solutions on 
long standing. Eugenol may be detected by 
the following reactions: (i) ferric chloride 

imparts a blue colour to its alcoholic solution; 
(ii) zinc chloride yields a transitory pale yellow 
colour; (iii) sulphuric acid gives at first a brown 
colour, changing quickly to purple and finally 
to wine-red; (iv) phloroglucinol and hydro¬ 
chloric acid give a red colour (Powick, Ind. 
Eng. Chem. 1923, 15, 66); (v) Burgess (Analyst, 
1900, 25, 265) uses a reagent made by dissolving 
10 g. of mercuric salt in 25% sulphuric acid and 
making the solution up to 100 c.c. with the 
latter. By shaking 2 c.c. of eugenol with 5 c.c. 
of the reagent and allowing the solution to 
stand a pale violet colour is developed. Micro- 
chemical tests for eugenol are given by Rosen- 
thaler (Pharm. Zentr. 1926, 67, 363). Eugenol 
has been detected in medicinals by treating the 
latter with a solution of p-nitrobonzenedi- 
azonium chloride, extracting the dye formed 
and examining this spectroscopically (Palkin 
and Wales, J. Amer. Chem. Soc. 1924, 46, 1488). 
The application of ultra-violet fluorescence tests 
to the detection of eugenol is discussed by 
Wimmer (Amer. Perfumer Essential Oil. Rev. 
1930, 25, 72; Chem. Zentr. 1930, II, 830). 

Methods for the estimation of eugenol in oil 
of cloves and other essential oils are given by 
Verley and Bosling (Ber. 1901, 34, 3359), 
Thoms (Arch. Pharm. 1903, 241, 692; Chem.- 
Ztg. 1903, 27, 954), Spurge (Pharm. J. 1903, 
[iv], 16, 701, 757), Schiramel & Co. (Chem. 
Zentr. 1903, II, 1124), Hoffmeister (Arb. Pharm. 
Inst. 1913, 10, 141; Chem. Zentr. 1913, II, 
2062), Reich {ibid. 1909, II, 1704), Rojahn and 
Struffmann (Apoth.-Ztg. 1926, 41, 503 ; Chem. 
Zentr. 1926, II, 76), Tatu (Parfum. mod. 1932, 
26, 499). Deriving the idea from the quantita¬ 
tive reduction of silver nitrate solutions, a colori¬ 
metric method using potassium ferricyanide 
and ferric chloride was proposed by Van Eck 
(Pharm. Weekblad, 1923, 60, 905, 937). Van 
Urk {ibid. 1926, 62, 667) has reviewed the earlier 
methods and suggests the following: 1 g. of 
oil is dissolved by shaking with 25 c.c. 3% 
sodium hydroxide solution; since sodium 
eugenoxide is precipitated quantitatively from 
solution by saturating with sodium bromide, 
for this purpose 22 g. of the salt are added 
and the mixture shaken continuously for 5 
minutes and then intermittently for half an 
hour. The filtrate is titrated with standard 
hydrochloric acid, using methyl orange as 
indicator. The eugenol content of clove oil 
has also been determined by measuring the 
methane evolved when excess of methyl mag¬ 
nesium bromide is allowed to act upon 0-2-0-3 g. 
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of the oil in xylene (Zerevitinov, Z. anal. Chem. 
1926,68,321). 

Eugenol and its derivatives are readily con¬ 
verted into the corresponding derivatives of 
iaoeugenol {v. infra), which on oxidation yields 
vanillin and its derivatives. 

Chromic acid oxidises eugenol to acetic acid, 
carbon dioxide and water (Wassermanri, lx.); 
chromyl chloride, however, combines with 
eugenol and on decomposing the product with 
water vanillin can be extracted (Novarine, 
U.S.P. 365918, 365919; Ber. Ref. 1896, 812). 
Oxidised with potassium permanganate, eugenol 
yields vanillin and a polymer of eugenol 
(Erlenraeyer, Ber. 1876, 9, 273). With nitric 
acid it is oxidised to oxalic acid and a resin, but 
in ethereal solution with the same reagent, 
5-nitroeugenol {v. infra) is formed. In ethyl 
acetate with dilute (1%) ozone, eugenol yields 
a mono-ozonide. By removal of the solvent this 
is obtained as an oil which, dissolved in ether 
and treated with zinc dust and acetic acid, forms 
honiovanillin, {MeO){HO)C^H^‘CH^CHO, 
b.p. lll-114°/0-45 mm. This gives a semi- 
carbazone, m.p. 173°. When warmed with 
acetic acid only, eugenol mono-ozonide forms 
tarry products (Harries and Haarmann, ibid. 
1915, 48, 32). By treating eugenol for a day 
with a 4-5% excess of peracetic acid, a mixture 
of the raonoacetates and the diacetaie of the 
corresponding glycol is formed (Boeseken and 
Elsen, Rec. trav. chim. 1929, 48, 363). With 
the same reagent in ether the corresponding 
ethylene oxide has been obtained (Arbusow and 
Michailow, J. pr. Chem, 1930, [ii], 127, 92). It 
has been claimed that by passing a stream of air 
through eugenol or its solutions maintained at 
50-60° and irradiated with ultra-violet light 
vanillin is obtained in 95% yield (Gouihe & Co., 
G.P. 224071 ; J.8.C.I. 1922, 41, 69R). The 
oxidising ferment of mushrooms or FeCI,^ 
oxidises eugenol to dehydrodieugenol, m.p. 105- 
106°; the first reaction is accelerated by a 
current of air (H^rissey, Compt. rend. 1908, 146, 
1413 ; 147, 247). Dehydro^ougenol, on cata¬ 
lytic reduction, absorbs 4 atoms of hydrogen per 
molecule and with dimethyl sulphate in alkaline 
solution gives a dimethyl ether; formaldehyde is 
found among the products of ozonisation, while 
permanganate oxidises it to diveratric acid. 
Upon this evidence it has been concluded that 
the compound is 3:3'-diallyl-6:5'-dimethoxy- 
6';6'-dihydroxy-diphenyl (Erdtman, Biochem. 
Z. 1933, 258, 172) ; for t^oeugcnol, see Erdtman, 
Annalen, 1933, 603, 283. 

Hydrogenation of eugenol in the presence of 
platinum black yields in the cold dihydroeugenol 
(propyl guaiacol), b.p. 246-248°, 124°/15 mm., 
benzoate, m.p. 73° (Fournier, Bull. Soc. chim. 
1913, [iv], 7, 23). The same product is obtained 
by carrying out the reduction in the presence 
of colloidal platinum (Albright, J. Amer. Chem. 
Soc. 1914, 36, 2188), or of palladium black 
(Adams, ibid. 1926, 47, 1147), or by passing the 
vapour of eugenol, mixed with hydrogen, over 
nickel at 160-170° or copper at 260-270°. By 
heating eugenol with hydrogen at a pressure 
of 60 atmospheres, for 2-3 hours at 92°, in 
the presence of reduced nickel, there is formed 
dihydroeugenol, which when similarly treated 


at 195° for a further 7 hours is converted into a 
mixture of octahydroeugtnol, 

CeH«(C3H7)(OMe)(OH), 

and octahydroanethole, CQHio(C 3 Hy)(OMe) 
(Ipatjew, Ber. 1913, 46, 3589). Dihydro- 

cugenol, w'hen treated with nitric acid {d 1 *5) 
in ether at 25°, yields 5-nitrodihydroeugenol, 
m.p. 34°. This may be reduced catalytically 
to 6-aminodihydroevgenol, m.p. 83-84°, identical 
with that obtained by the catalytic reduction 
of 5-nitroeugenol {v. infra) (Levin and Lowy, 
J. Amer. Chem. ISoc. 1933, 55, 1995). 

5-NitroeugenoI is prepared by acting on 
eugenol in ethereal solution with nitric acid. 
It forms large triclinic crystals, m.p. 43-44° 
(Wcselsky and Bcnedikt, Monatsh. 1882, 3, 
388). With tin and hydrochloric acid it yields 
aviinochlorohydroeugenol hydrochloride; the 
free base melts at 97°. Nitroeugenol heated 
with acetic anhydride and sodium acetate fnnns 
nitroeugenyl acetate, m.p. 61°, which oxidised 
with potassium permanganate at 70° (Klemenc, 
Monatsh. 1912,33, 382) yields nitrovaiiillio acid, 
C6H2(C00H)(0Me)(0H)N02, decom¬ 

posing at 210° without melting. 

Eugenol readily dissolves in cold caustic 
alkali solution and crystalline sodium eugenoxide, 
plates, m.p. 115°, and potassium eugenoxide, 
prisms, m.p. 128°, have been obtained (Mcldrum 
and Patel, J. Indian Chem. Soc. 1928, 5, 91). 
The calcium and magnesium salts can be 
I)repared by treating eugenol with the corre¬ 
sponding base in sohd form (Kirkham and 
llaymond, B.P. 294735). C()ni])lex salts have 
been described by Weinland and Nelf (Arch. 
Pharm. 1908, 252, 600). Bromine in excioss 
forms, with eugenol, dibromoeugenol dibromide, 
m.p. 118-119°, which with zinc dust in alcoholic 
solution gives dibromoeugenol, m.p. 59° (Chasano- 
witz and Hell, Ber. 1885,18, 823 ; Auwers, ibid. 
1901, 34, 4266). By treating eugenol in chloro¬ 
form at 0° with bromine, bromoeugenol is formed 
(Lando, J. Amer. Chem. Soc;. 1905, 27, 641). 
For tribromoeugenol and other bromo-derivatives, 
see Lando, l.c.; Auwers and Muller, Ber. 1902, 
35, 114; Hell and Anwandter, ibid. 1895, 28, 
2085. For the iodine number, see Ingle, 
J.JS.C.I. 1904, 23, 422 ; for iodo derivatives, see 
Heyden, Naclif., G.P. 70058 ; Ber. Ref. 1893, 
26, 915. 

Acyl derivatives of eugenol are obtained by 
treating eugenol with acyl anhydrides in 
the cold in the presence of a suitable con¬ 
densing agent such as sulphuric acid, zinc 
chloride, pyridine, etc. The acyl chlorides may 
be substituted for the anhydrides and in some 
cases the acid may be used in the presence of 
thionyl chloride and pyridine (Merck, G.P. 
103581, 109455; Chem. Zentr. 1899, II, 927; 
1900, II, 407; Riedel, G.P. 189333; Chem. 
Zentr. 1908, I, 185; Pond and Beers, J. Amer. 
Chem. Soc. 1897, 19, 825; Barnett and Nixon, 
Chem. News, 1924, 129, 190). Eugenyl acetatct 
which occurs in oil of cloves (v. supra), melts at 
29° and boils at 281-282°/752 mm. (Freyss, 
Chem. Zentr. 1899, I, 836). With potassium 
permanganate in acetone it is oxidised to 
homovanillic acid (Kitisato, Acta phytochim. 
1927, 3, 176). Eugenol forms a Zi^-dinitro- 
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benzoate, m.p. 130*8° (Phillips and Keenan, J. 
Amer. Chem. Soc. 1931, 68, 1924), 

Eugenyl methyl ether occurs in several 
essential oils, and can be obtained synthetically 
from vcratrole {v. supra). It is formed from 
eugenol by the action of methyl iodide and 
caustic potash (Ciamician and Silber, Ber. 1890, 
23, 1164), b.p. 247-248°. Oxidised with potas¬ 
sium permanganate in acetone at 0°, it yields 
mainly veratric acid (Robinson, Wilkinson and 
Perkin, J.C.S. 1910, 97, 1131). A mono-ozonide 
and triozonido have been described. The mono- 
ozonide, decomposed by warming with acetic 
acid, gives methyl vanillin, and reduced in 
ether with acetic acid and zinc dust yields methyl 
homovanilliii (Majima, Ber. 1909, 42, 3666; 
Harries and Haarmann, ibid. 1915, 48, 32). 
Reduced with hydrogen over nickel at 95° for 
2 hours, eugenyl methyl either yields the ether 
of dihydroeiKjenol, b.j). 244-245°/7G3 mm., which 
in 10 hours at 200-210° is further reduced by 
hydrogen and nickel to octaliydroanethole, a 
methoxyl group being eliminated during the 
process (Ipatiow, Ber. 1913, 46, 3589). Eugenyl 
methyl ether is readily isomerised to Moeugenyl 
methyl eth(*r, b.p. 263° {v. infra), which on 
oxidation with potassium dichromato and 
sulphuric acid yields methyl vanillin and veratric 
acid. 

Eugenyl ethyl ether has h.p. 122~125°/12 
mm. (Hirao, Bull. Chem. Soc. Japan, 1936, 11, 
179; Chem. Zentr. 1036, I, 1912). Heated 
with ethylene bromide and sodium hydroxide 
at 120-130°, eugenol forms the ^-bromoethyl 
ether, which on distillation with dry potassium 
hydroxide yields eugenyl vinyl ether, b.p. 260- 
202° (Wohl and Berthold, Ber. 1910, 43, 2175). 
Eugenyl alhyl ether, when boiled, yields o-allyl- 
eugenol, b.p. 149°/10 mm. (Claisen and Eisleb, 
Annalen, 1913, 401, 21). The benzyl ether has 
b.p. 235° and on heating with potash and 
oxidising, the benzyl ether of vanillin is obtained 
(Boehringer & Sohne, G.P. 65937; Ber. Ref. 
1893, 26, 211). The nitrobenzyl ether has m.p. 
53-6° (Reid, J. Amer. Chem. Soc. 1917, 39, 304). 

Eugenyl carbonate, m.p. 93-94°, is obtained 
by passing phosgene into an alkaline solution of 
eugenol; on treatment with ammonia the car¬ 
bamate is formed (von Hoyden, Nachf., G.P. 
58129 ; Ber. Ref. 1892, 25, 186); the carbonate 
can also be obtained from eugenol and the di¬ 
phenyl ester of carbonic acid (G.P. 99057; 
Chem. Zentr. 1898, II, 1190). A chlorocarbonate 
may also be prepared from eugenol, with 
phosgene and pyridine in benzene solution. It 
has b.p. 174°/17 mm. and with aminoalcohols 
forms mixed basic carbonates having water- 
soluble hydrochlorides. The use of the latter 
as internal antiseptics has been suggested 
(Einhorn, G.P. 224108, 1909). On adding 
eugenol to a cooled mixture of pyridine and 
chlorosulphonio acid in carbon disulphide, 
potassium etigenyl sulphate, m.p. 203°, is ob 
tained; the latter is transformed by heating 
with excess of potash into potassium ieoeugenyl 
sulphate, which on oxidation with ozone yields 
potassium vanillin sulphate (Vorley, Bull. Soc. 
chim. 1901, [iii], 25, 46). 

Eugenylacetic acid, 

C«H8(CH2CH:CH2)(OCH3)(OCH,COj,H), 


m.p. 76°, is obtained by heating eugenol with 
chloroacetio acid in the presence of sodium 
hydroxide for 20 hours, and decomposing the 
sodium salt thus formed with hydrochloric 
acid. This may be isomerised by heating with 
potash in amyl alcohol and the resulting 
woeugenol derivative oxidised to vanillin acetic 
acid (Gassmann and Krafft, Ber. 1895, 28, 
1870). 

Eugenylphosphoric acid, m.p. 105°, is 
obtained by treating eugenol with phosphorus 
oxychloride and decomposing the resulting 
chloride with water (Boehringer & ISohne, G.P. 
98522; Chem. Zentr. 1898, II, 950). It yields 
woougenol phosphoric acid with hot alcoholic 
potash. 

Eugenylalcohol, m.p. 37-38°, is prepared by 
heating eugenol in 10% sodium hydroxide 
solution with formaldehyde at 60° (Manasse, 
Ber. 1902, 35, 3845). 

Eugenolglucoside, m.p. 132°, is produced 
by the action of acetochlorhydrose on the 
potassium salt of eugenol (JMiehael, Amer. Chem. 
J. 1884, 6, 336). 

Eugenol forms a phenylarethane, m.p. 95 ’ 
(Wcehuizeii, Rcc. trav. cliim. 1918, 37, 266), 
and an a-naphthylurethanc, m.p. 122° (Prorich 
and Wirtel, J. Amer. Chem. Soc. 1926,48, 1736). 

Eugenol is used extensively as raw material 
in the synthetic preparation of vanillin. It has 
the bactericidal properties common to the 
phenols (Courmant, Morel and Bay, Parfum. 
mod. 161; Chem. Zentr. 28, II, 2198; 
Sehmidt, Compt. rend. Soc. Biol. 1931, 108, 
537); it has the Rideal-Walker coefficient of 8*6 
(Rideal, Seiver and Richardson, Perfumery and 
Essential Oil Record, 1930, 21, 341), and finds 
some application as an antiseptic in pharma¬ 
ceutical and dental preparations (Riedel, G.P. 
203093; Mentzel, Pharm. Zentr. 1926, 67, 978 ; 
Kruger, U.S.P. 1556696, 1562834). It is claimed 
that with soya-bean and some other vegetable 
oils eugenol acts as an antioxidant (Tanaka and 
Nakamura, J. Soc. Chem. Ind., Jap. suppl. 
1932, 35, 81B; Nakamura, ibid. 1933, 36, 
286B). 

isoEugenol, 

(MeO)(HO)CeH3CH:CHCH3, 

3-methoxy -4-hydroxy-propenyl benzene, occurs 
in small quantities in oil of nutmeg (Power and 
Salway, J.C.S. 1907, 91, 2041), in oil from 
Michelia champaca L. (Bacon, PhiUipine J. Sci, 
1910, 5, A, 257), and the seed oil of Nectandra 
Puchury major (Roure-Bertrand Fils, Chem. 
Zentr. 1922, I, 359). The methyl ether occurs 
in the oil from Asarum arifolium Michx. (Miller, 
Arch. Pharm. 1902, 240, 371). By a process 
of fermentation of the leaves of Jamaican 
pimentoes an oil can be obtained containing 
63% of woeugonol and 30-6% of eugenol 
(J.S.C.I. 1922, 41, 69R). The proportion 

of eugenol and ijoeugenol in a mixture of the 
two can be estimated from the melting-point 
of the product of benzoylation (McKie, J.C.S. 
1921, 119, 777). woEugenol is prepared from 
eugenol or clove oil by heating it with potassium 
hydroxide in the presence of a suitable solvent. 
Sodium hydroxide alone cannot be substituted 
for the potash, but a mixture of the two is 
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efiFective in bringing about the change (Horiuchi, 
J. Chem. Soc, Japan, 1925, 45, 209). Five 
parts of eugenol or an equivalent quantity 
of oil of cloves is added to 12*5 parts of potash 
in 18 parts of amyl alcohol and heated for 
16-20 hours at 140°. The product is steam 
distilled, the residue acidified with sulphuric acid 
to separate the woeugenol, which is washed with 
sodium carbonate solution and purified by dis¬ 
tillation (Tiemann, Ber. 1891, 24, 2870; 1894, 
2680; deLaire,B.P. 17547, 1890; J.C.S.L 1891, 
10, 854 ; Haarmann and Keimer, G.P. 67808; 
Ber. Ref, 1892, 25, 94). The amyl alcohol may 
be replaced by methyl, ethyl or butyl alcohol 
(Gassmann, Compt. rend. 1897, 124, 38; von 
Heydcn, Nachf., G.P. 70274; J.S.C.I. 1892, 11, 
633), or by ethylene glycol or glycerol. If 
30 g. of eugenol are mixed with 15 g. potassium 
hydroxide in 60 g. water and 10 g. of glycerol, 
and the temperature of the mixture raised 
during 45 minutes to 180°, then held between 
180 and 186° for 15 minutes, «>oeugenol is 
obtained in good yield with only 1 g. of tarry 
matter (Priester, Riechstoflind. und Kosmetik, 
1930, 5, 83, 108). Other methods are to heat 
eugenol with 4 parts of caustic potash and some 
water at 200° (Einhorn and Frey, G.P. 76982; 
Frdl. Ill, 863 ; Ber. 1894, 27, 2455); to heat the 
potassium derivative of eugenol to 200° in the 
absence of air (Eritzsche, G.P. 179948 ; J.8.C.I. 
1907, 26, 1216); to heat the acid sodium salt of 
isoeugenylphosphoric acid to 150° {v. eugenyl- 
phosphoric acid); and to heat eugenol with 
potassium hydroxide and phenol (Ehrlich, 
U.S.P. 1787036) or with sodium hydroxide and 
aniline or a homologue at 180-226° (Bots, 
F.P. 626685). A survey of the methods available 
is given by MoLang (Chem. Trade J. 1925, 8, 
180). isoEugenol may be freed from eugenol 
by shaking in benzene solution with aqueous 
10% mercury acetate, Eugenol mercury acetate 
is formed and passes into the aqueous layer 
(Braun, Dent. Parftimer. Ztg. 1930, 16, 4). 

isoEugcnol may also be obtained from safrole 
or tsosafrole. When either is heated with 
methyl alcoholic alkali and the product acidified, 
a mixture of methoxy-isoeugenol and methoxy- 
jsochavibctol is obtained. These may be 
separated by fractional precipitation of their 
sodium or calcium salts. The separated 
methoxyi^ochavibetol is then methylated in 
alkaline solution with dimethyl sulphate and 
the product, hydrolysed with hot dilute mineral 
acid, yields nsoeugenol. The methoxyiaoeugenol 
is hydrolysed with alcoholic hydrochloric acid, 
whereby one methoxyl group is removed and 
isoeugenol formed. Alternatively, the original 
mixture formed by treating safrole or tsosairole 
with alcoholic alkali is methylated and the 
product hydrolysed by boiling with dilute acids. 
This gives a mixture of isoeugenol and iso- 
chavibetol from which the latter, m.p. 97°, 
separates on cooling. When isochavibetol is 
methylated, propenylveratrole (propenylcatechol 
dimethyl ether, (MeO) 2 CQH 3 -CH:CH-CHj) 
is obtained, which on heating with alcohohe 
alkali under pressure gives a mixture of iso- 
eugenol and iwchavibetol. By repetition of 
this process itfoeugenol is accumulated at the 
expense of its isomer. A third variation of 


I procedure is to hydrolyse the original mixture 
' of alkoxymethyl phenols with hot dilute 
alcoholic sulphuric acid. The resulting pro¬ 
penylcatechol is methylated to the dimethyl 
ether, propenylveratrole, which is then treated 
as above described (8tockelbach, U.S.P. 1792716; 
1792717; Chem. Zentr. 1931, II, 1349; Riedel, 
A.-G., B.P. 286166; 285551 of 1928; Chem. 
Zentr. 1929, I, 3036; Monsanto Chem. Wks., 

U. S.P. 1789352 of 1931; Junge, Riechstoflind. 
und Kosmetik, 1933, 8, 61 ; Chem. Zentr. 1933, 
II, 460, and many patents). For the prepara¬ 
tion of isoeugenol from Huon pine oil, see Riedel, 
A.-G., G.P. 663126, 1928 ; Chem. Zentr. 1933,1, 
310. 

Technical tsoeugenol is a mixture of cis- and 
trans-momoTSy in which the trans- or high 
melting form (v. infra) appears to predominate. 
The physical constants of an average sample 
have been given as : b.p. 266°, 147-2°/20 mm., 
14()-142°/16 mm., 131*8710 mm., 118°/5 mm.; 
(ff 1*080; 71^^ 1*5739, mol. heat of combustion 
1278*1 kg.-cal. (llcilbron. Diet, of Org. 
Comps. 11, 431), specific magnetic rotation 
2*5578, molecular magnetic rotation at 15°, 
21*469 (Perkin, J.C.S. 1896, 69, 1247). 

Jn order to separate the stereoisomers of 
technical nvocugenol it is dissolved in 15% 
aqueous sodium hydroxide and the .solution 
cooled. The sodium salt which separates is 
decomposed with acetic acid in the presence of 
benzene. The benzene solution is dried and on 
distillation the solid form of woeugenol, m.p. 
33°, is obtained. This has b.p. 141-142°/13 mm., 
df 1*0862, 1*5782. The phenol liberated 

in the same way from the mother liquors from 
the sodium salt separation is benzoylated by 
the Schotten-Baumann procedure and the 
benzoate recrystallised from benzene to constant 
melting-point, 69-61° (68° according to Junge, 

V. infra). The benzoate is hydrolysed with 

boiling alcoholic potassium hydroxide and the 
phenol extracted with benzene and worked up 
as before to give the liquid form of isoeugenol, 
b.p. 134-135°, df 1*0861, 1*5726 (Boedecker 

and Volk, Ber. 1931, 64, [Bj, 61). Alternatively, 
iaoeugenol is acetylatod {v. infra) and the 
product crystallised from light petroleum. The 
acetate of the solid isomer separates, m.p. 79°, 
and the mother liquors are freed from the same 
by cooling to —10°. Regeneration yields the 
solid isomer, m.p. 34°. The isoeugenol obtained 
by regeneration from the mother liquors is 
purified by crystallisation of the benzoyl 
derivative, m.p. 68°. The latter, treated with 
cold alcoholic potash, gives a liquid w(?eugenol 
b.p. 11575 mm., nf 1*57002 (Junge, Riech- 
stoffind. und Kosmetik, 1932, 7, 112; Chem. 
Zentr. 1932, II, 2818). The physical properties 
of the two isomers were reinvestigated by Auwers 
(Ber. 1935, 68, [B], 1346), and the mean values 
obtained were: solid form, m.p. 33-34°, b.p. 
140712 mm., dj® 1-087, 1*5778; liquid form, 

b.p. IS271I mm., dj® 1-087, <®. 1-5720. From 
consideration of the boiling-point, density and 
spectrochemioal constants of the two isomers 
and by analogy with compounds of known 
configuration principally in the styrene and 
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cinnamic acid series, the configuration has 
been assigned to the solid and cis- to the liquid 
form of woeugenol (Junge, l.c. ; Auwers, l.c.). 
The solid form undergoes auto-oxidation in 
contact with the atmosphere. It forms a 
jihenylurethane, m.p. 162°, and with ferric 
chloride gives a yellow-green colour. The liquid 
form forms a phenylurethaney m.p. 118°, and 
gives an olive-green colour with ferric chloride 
(Schimmel & Co., Rep. 1930, 115; Junge, l.c.). 

On oxidation fsoeugenol and its derivatives 
yield the corresponding derivatives of vanillin. 
A number of reagents may be used to oxidise 
ii'oeugenol itself to vanillin. The earlier methods 
include the use of sodium peroxide (Haarmann 
and Reimer, B.P. 11952, 1894; 14928, 1896; 
J.S.C.l. 1895, 14, 506 ; 1897, 16, 633) and of 
chromyl chloride, when the woeugenol is first 
benzoylated or acetylated to protect the 
hydroxyl group ( , J.8.C.I. 1922, 41, 

69R). Such methods have now been super¬ 
seded commercially by oxidative processes 
using (i) ozone, (ii) electrolysis and (iii) organic 
oxidising agents. If ?>oeugcnol is treated 
with 1% ozone in acetic acid and the solution 
subsequently warmed, vanillin is obtained 
in about 38% yield. A similar result is obtained 
by blowing oxygen through an acetic acid 
solution of Moeugonol. If, however, 1% ozone 
is passed into a solution of i^oeugenol in hexane, 
the solvent removed after saturation and 
the rnono-ozonide, obtained as a yellow' syrup, 
reduced with zinc dust and acetic acid, a 71% 
yield of vanillin is obtained (Harries and 
Haarmann, Ber. 1915, 48, 32). By ozonising in 
acetic acid and reducing with potassium ferro- 
cyanides a yield of 95% is claimed (Harries, 
G.P. 321567), and other reducing agtuits have 
been applied with success, e.g. sodium hypo¬ 
sulphite (Schimmel & Co., G.P. 513678). A 
process is also described in which ozone is 
passed into a mixture of woeugenol and aqueous 
sodium bisulphite. The bisulphite compound 
of vanillin separates and is removed, decomposed 
with sulphuric acid and the vanillin extracted 
with benzene (Wood, Chem. Met. Eng. 1923, 
28, 806). An early method for the anodic 
oxidation of woeugenol in alkaline aqueous 
solution (G.P. 92007) proved to be unsatisfactory 
owing to attack upon the hydroxyl group under 
the (jondiiions given (Lowy and Moore, Trans. 
Amer. Electrochem. Soc. 1922, 42, 273 ; Fichter 
and Christen, Helv. Chim. Acta, 1925, 8 , 332). 
A process was later evolved in which this 
difficulty was overcome by eloctrolytically oxi¬ 
dising potassium isoeugenyl sulphate in aqueous 
solution (F. and C., l.c. ; Fichter, J.S.C.I. 1929, 
48, 329T). Among other methods proposed for 
the oxidation of i«oeugenol to vanillin is the use 
of nitrobenzene or its higher homologues in the 
presence of aniline or p-toluidine (Bots, F.P. 
626686; U.S.P. 1643804, 1643806; Chem. 
Zentr. 1928, I, 2208), or of the same oxidising 
agent in the presence of phenol (Verona Chem. 
Co., U.S.P. 1801416), potash (Riedel, B.P. 
286461), or azobenzene and alkali (Boake 
Roberts & Co., B.P. 417072, 1933), or of 
sodium m-nitrobenzenesulphonate with caustic 
soda (Hoffmann-La Roche etCie., F.P. 741468, 
1933). A review of the available methods is 


given by Wagner (Chem.-Ztg. 1928, 62, 626, 
642). Ferric chloride oxidises isoeugenol to 
dehydrodiisoeugenol, m.p. 133°, which, unlike 
dehydroeugenol, has only one free hydroxyl 
group in the molecule (Cousin and H^rissey, 
Compt. rend. 1908, 147, 247; Erdtman, 

Annalen, 1933, 608, 283). On catalytic re¬ 
duction Moougonol gives propylguaiacol (for di- 
hydroeugenol, v. supra) (Fournier, Bull. Soe. 
chim. 1910, [iv], 7, 23). 

^soEugenol is readily polymerised by small 
quantities of mineral acids, acid chlorides and 
metallic haloids, forming diimeugcnol, which 
crystallises in colourless needles, m.p. 180° 
(vonHeyden, Nachf., G.P. 70274 ; J.kS.C.I. 1892, 
11, 633; Puxeddu, Gazetta, 1909, 39, i, 131). 
The polymerisation with alcoholic hydrochloric 
acid only occurs in sunlight (Puxeddu et ai, 
ibid, i, 202). u'oEugenyl methyl and ethyl 
ethers give, similarly, the dimethyl and diethyl 
ethers, m.p. 106° and 130° respectively (P.,Z.c.; 
Atti R. Accad. Lincei, 1912, [v], 21, i, 
141 ; Wassermann, Annalen, 1875, 179, 375). 
Boiling formic acid acts in tlie same wa y upon 
^.weugenol and its methyl other ((jtlichitcli, Bull. 
Soc. chim. 1924, [ivj. 35, 1100). For the 
structure of these polymers, see Puxeddu, 
Gazzetta, 1925, 56, 604; Haworth and Mavin, 
J.C.S. 1931, 1363, and for higher polymers, 
Whitby and Katz, Canad. J. Res. 1931, 4, 
487. 

The acyl derivatives of t^oougenol are obtained 
by methods similar to those used for the 
eugenol compounds, but the solutions must be 
cooled to prevent polymerisation from taking 
place. If 30 parts of isociugenol are mixed 
with 21 parts of acetic anhydride, 0*21 parts of 
orthophosphoric acid added, and the mixture 
allowed to stand for 10 hours, the acetate 
separates in good yield. More may be 
obtained by dilution of the mother liquor 
(Wjaskowa, Russ. P. 42074; Chem. Zentr. 
1935, II, 3979). tran^^isoEugenyl acetate melts 
at 79° {v. supra), and the cus-isomer has 
b.p. J6O-IO2713 mm. (Boedockrr and Volk, 
l.c.). trans-isoAX^em// benzoate has m.p. 103° 
(Boedeckcr and Volk, l.c.), and that of the 
ci«-i8omcr 68° (Junge, Riechstoffind. und 
Kosmetik, 1932, 7, 112). Benzyl imeugenol 
melts at 48° (Pond and Beers, J. Amer. (yhem. 
Soc. 1897, 19, 825 ; Merck, G.P. 103581, 109445 ; 
Chem. Zentr. 1899, II, 927; 1900, II, 407; 

Haarman and Reimer, G.P. 57568; Ber. Ref. 
1892, 25, 93). It forms also a S:5-dimtro- 
henzoate, m.p. 168'4° (Phillips and Keenan, J. 
Amer. Chem. Soc. 1931, 68, 1924), and a 
phenylurethane, m.p. 149-150° (French and 
Wirtel, ibid. 1926, 48, 1736). The sym-trinitro- 
benzene compound has m.p. 70° (Sudborough 
and Beard, J.C.S, 1911, 99, 209). If acetyl 
chloride is added to woeugenol at 54°, and the 
temperature finally raised to 80°, diacetyldi- 
iaoeugenol is obtained, which yields by hydrolysis 
with acids dmoeugenol (Tiemann, Ber. 1891, 
24, 2870 ; 1894, 27, 2580). Methylene chloride 
reacts in alkaline solution with t>oeugenol, 
forming methylenedii&oeugenol, m.p. 60-52°, 
which on oxidation yields methylenedivanillin 
(P6rigne, Lesault & Co., G.P. 76264, 76061; 
Ber. Ref. 1894, 27, 812, 928). 
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5-Nitro/soeugenol is formed by the action 
of nitric acid on woeugenol in acetic acid 
solution; on recrystallisation from isobutyl or 
amyl alcohol it forms a reddish-yellow mass, 
which decomposes at about 160° (Puxeddu and 
Cornelia, Gazzetta, 1906, 86, ii, 450). 

/soE u gen y I ca rbon at e is prepared in the same 
way as eugenol carbonate {q.v.) (von Heyden, 
Nachf., G.P. 61848; Per. Ref. 1892, 25, 486). 

By adding excess of bromine to i«oeiigenoI, 
bromoiBoeugenol dibromide, m.p. 138-139°, is 
formed. If only 1 mol. of bromine is added, 
an unstable imeugenol dibromide, m.p. 95°, is 
produced. Di- and iri-isoeugeMol dibromides ha ve 
been prepared (Hell and Portman, Ber. 1895, 
28, 2088; Hell and Bauer, ibid, 1904, 37, 1128; 
Zincke and Hahn, Annalen, 1903, 329, 1). 

/soEugenyl methyl ether occurs in the oil 
of Asarinm arijolivm (v. supra), it can be 
prepared by warming eugcnyl methyl ether 
with alcoholic potash (Ciamician and 8ilber, 
Ber. 1890, 23, 1165) or by treating wocugenol 
with dimethyl sulphate and aqueous j>otash 
(Mannich, Arch. Pharm. 1910, 248, 151). The 
methyl ether of trans-isoewpewoZ has m.p. 16-17°, 
b.p. 143-144°/! 1 mm., and that of cis-isoet/pmoZ, 
b.p. 138-140°/12 mm. (Boedecker and Volk, 
L.C.). A mono-ozonide and triozonide have been 
reported. The mono-ozonide, warmed with 
acetic acid, yields methylvanilhn, and reduced in 
acetic acid solution gives methylhomovanillin 
(Majima, Ber. 1909, 42, 3666; Harries and 
Haarmann, ibid. 1915, 48, 32). Meth 3 dvanillin 
is also obtained smoothly from methjdnvo- 
eugenol by anodic oxidation (Fichter and 
Cluristen, Z.c.; Fichtcr, Z.c.). i^oEugenol method 
ether forms a 5yw-trinitrobenzene compound, 
m.p. 69-70° (Sudborough and Beard, l.c.). 

woEugenol is distinguished from eugenol by 
the following reactions : (i) with its alcoholic 
solution, ferric chloride gives a green coloration; 

(ii) zinc chloride, a bright rose-pink; and 

(iii) sulphuric acid, a rose-pink colour changing 
to light brown. 

EUGENOL PERFUMES. Eugenol and 
ttfoeugenol {q.v.) are phenols of the greatest 
importance to the manufacturer of artificial 
perfumes. Both—isoeugenol especially—^have 
a marked carnation odour and are indispensable 
for carnation and clove perfumes, but must 
only be used in small quantities in other fancy 
perfumes where the carnation odour is not to be 
predominant. The methyl ethers of both 
phenols are also employed to a limited extent in 
perfumery, and the benzyl ether of i«oeugenol is 
used in the manufacture of many delicate floral 
perfumes, such as magnolia, night-scented stock 
and sweet pea. 

E. J. P. 

EUKODAL. Dihydroxycodeinone hydro¬ 
chloride, administered as a substitute for 
morphine [Merck, Darmstadt ; JVapp, London), 
(B.P.C. 1934.) 

E U L AT IN . Trade name for a preparation 
of antipyrine, p-brombenzoic acid and o- 
aminobenzoio acid in the molecular ratio of 
3:2; 1 respectively (P. Zemik, Apoth.-Ztg. 1909, 
24, 62; Ber. Deut. Pharm. Ges. 1909, 19, 89), 
EUONYMIN V , Euonymus. 

EUONYMOL V. Etxonymus. 


EUONYMUSis the root bark of Euonymus 
atropurpureus Jacq. (Fam. Celastracese), a 
native shrub of the eastern U.S.A. known as 
wahoo, spindle tree and burning bush. It wm 
formerly official in the British Pharmacopoeia. 

Rogerson (J.C.S. 1912, 101, 1040) examined 
an alcoholic extract of the bark and isolated 
dulcitol ( 21 % of the weight of the drug); a 
new acid, C 5 H 4 O 3 , m.p. 121 - 122 °, which is 
furan-P<arboxyUc acid; a new cr^'stalline 
alcohol, C 21 H 30 O 4 , m.p. 248-250°, named 
euonymol. From the resinous portion of the 
extract insoluble in water, three new alcohols 
were isolated, namQly euonysierol, C 3 iH 5 iO-OH, 
m.p. 137-138°; hornoeuonysterol, C 4 oHq 90 -OH, 
m.p. 1.33-134°; and airopurol, C 27 H 44 (OH) 2 , 
m.p. 28.3 -285°. 

The name eitonymin is connnonly applied to 
the dried Jilcoholic extract of the drug. 

J. J. B. 

EUONYSTEROL Euonymus. 

EUPAD. A mixture of equal parts of 
chlorinated lime and boric acid used as an 
antiseptic, or employed for the extemporaneous 
preparation of solutions of eusol (B.P.C^ 1934) 
(v. Disinfectants, this Vol., p. 21d). 

EUPHORBIC ACID V . Eupiiorutum. 

EUPHORBIUM. This substance, a gum- 
resin, is the dried latex obtained by incision 
from the stem of Euphorbia resinifera Berg., 
and possibly from closely allied species. 'The 
j)lant is common in the mountainous districts 
of Morocco and neighbouring districts of 
northern Africa. It occurs in commerce in 
the form of yellowish-brown tears or small 
iiTCgular fragments, many of which contain 
dried stipules embedded in the mass. There 
are also frequently fragments of stem and other 
adventitious impurities present. It is practically 
odourless and has a very acrid taste. It is an 
emetic and a powerful cathartic, not now 
used to any extent as a medicine for human 
beings, but used externally as a vesicant in 
vetinerary practice. It is powerfully irritant 
to the mucous membrane, and has violent 
sternutatory properties. The crude drug con¬ 
tains a body known as euphorhone, from 26 to 
40%; gum, up to 20%; a resene, euphorbic 
acid; calcium malate; and one or more acrid 
substances not yet identified. 

A good quality euphorbium should not con¬ 
tain more than 10 % of mineral matter [i.e, 
ash), and should contain at least 60% of resinous 
matter soluble in 90% alcohol. 

I Euphorbium gives the following reaction: if 
6 g. of finely powdered euphorbium mixed with 
an equal amount of sand is extracted with 
10 c.c. of light petroleum, and a little of the 
liquid extract is poured on to sulphuric acid 
containing 0*25% of nitric acid, a blood-red 
colour appears at the junction of the liquids. 
Euphorbone is a crystalline substance melting 
at 67-68°. Euphorbol, probably of the formula 
C 2 AH 4 gO, melting at 118°, is also present 
(Schmid and Zackerl, Monatsh. 1931, 57, 177; 
Bauer and Schroder, Arch. Pharm. 1931, 269, 
209). The resin extracted by alcohol should 
have an acid value of about 20 (18-26), ester 
value 60-70, and saponification value 70-90. 
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EUPHORBOL V . Euphobbium. 

EU PH OR BONE v. Euphobbium. 
EUPHTHALMIN (EUCATROPINE). 

Hydrochloride of phenylglycolyl-N-methyl* 
vinyldiacetonalkaminc. Used as a mydriatic 
{Scheringy London). E.P.C. 1034. 

EUPHYLLIN. Theophjdline ethylcnedi- 
amine, a diuretic, containing about 80% of 
theophylline {Whi^eUy London). li.P.C. 1934. 

EUPITTONE, eupittonic acid, pittacal, 
3:5;3'':5':3";5"-hexamcthoxyaurino, CosHogOg, 
OMe 

0 =<^ ^=C[CeH,(OMe),OH], 

or^ 


The colouring matters described by the terms 
eupittone, eupittonic acid and pittacal appear 
identical. They have attracted little attention, 
however, since their original investigation. 

Hexamethoxyaurinc, a dyestutf of the 
triphenylmethane group, was synthesised in 
two ways by A. W. Hofmann, to whom the 
name eupittonic acid for the substance is due. 
His first method (Bor. 1878, 11 , 1455) consisted 
in heating pyrogalloM :3-dimethyl ether with 
alcoholic potassium or sodium h^^droxide and 
hexachloroethane at 100-170^'. His second 
method {ibid. 1879, 12, 1377) consisted in 
heating a mixture of the sodium salts of pyro- 
gallol-l:3-dimethyl ether and 4-hydroxy-3:5- 
dimethoxy-l-methylbenzene with excess of 
sodium hydroxide at 200 - 220 ° in the air: 


2C8H,o03+C,Hi203-}-30 

Neither of these salts yields any derivative when 
heated by itself, and the yield from the mixture 
does not exceed 10 %. 

The term eupittone was applied by Lieber- 
maim to the product obtainable by oxidising 
high-boiling beechwood tar, which contains 
pyrogallol-l:3-dimethyl ether and 4-hydroxy- 
3:6-dimethoxy-l-methylbenzene, with air in 
the presence of hot alkali carbonate (Gottheil, 
G.P. 9385; Liebermann, Ber. 1876, 9, 334; 
Grftttel, ibid. 1878,11, 2085). A brown material 
was isolated from which a colouring matter, 
resembling in its properties Hofmann’s com¬ 
pound, could bo obtained. 

Pittacal was the name given to the blue 
colouring matter which Reichenbach obtained 
from beechwood tar in 1835 (Berzelius’ Jahresber. 
14, 358). 

Hexamethoxyaurine crystallises in orange- 
yellow needles; m.p. 200 ° with partial de¬ 
composition into a blue substance (Hofmann, 
Ber. 1878, 11, 1457). It is soluble in acetic 
acid and sparingly soluble in boiling alcohol. 
It dissolves in alkalis, giving blue solutions, 
from which blue salts are quantitatively 
precipitated by excess alkali or by carbon 
dioxide. It dissolves also in hydrochloric and 
sulphuric acids, forming red solutions. In the 
latter case the colour changes to blue on warming 
and the solution contains eupittone black. 
Heated with alcoholic ammonia at 160-170°, 
it yields hexamethoxy-rosaniline. 


HOC[CeH2(OMe),(NH2)]8 
VoL. IV.—26 


I (Hofmann, ibid. 1878, 11 , 1459). Alcoholic 
methylamine at 150-160°yields (?) hexamethoxy- 
[ dimethylformyl-para-leucaniline, 

CH[CeH3(OMe)aNHCHa]5iC«Ha(OMe)2NHCHO 

(Liebermann, ibid. 1901, 34, 1038). Reduction 
to leucoeupittone, CasHggOg, may be effected 
with zinc dust and HCI, or by heating with 
water to 260-270“, when it is accompanied by 
})yrogallol-l:3-dimethyl ether (Liebermann and 
Wiedermann, ibid. 1039). Attempis to replace 
the metlioxyl groups by hydroxyl result in the 
f)roduction of pyrogallol. 

Eupittone behaves as a dibasic acid (Hofmann, 
ibid. 1879, 12, 1380). Sodium, and barium salts 
have been prepared; the calcium and mag¬ 
nesium salts are water-soluble. V arious deriva¬ 
tives have been prepared, including the diacetatey 
C 25 H 240 e(C 0 Me) 2 , m.j). 265"; the dibenzoate, 
C 25 H 240 j)(C 0 Ph) 2 , golden needles, m.p. 232°; 
the dimethyl ether, C 27 H 3 oOj), m.]). 242°; the 
diethyl ether, C 29 H 340 g, m.p. 201 - 202 °; the 
iodo-compound, C 25 H 26 O 9 I 4 . 

The use of eupittone as a dyestuff -was in¬ 
vestigated by Liebermann {ibid. 1901, 34, 1029). 
It has b(^en used for test-papers owing to the 
blue colour whicli alkalis produce. Its value 
as an indicator was recently investigated bv' 
Brand and I’eruche (Pharm. Zentr. 1934, 75, 
8 ). A sharp colour cliangt*. from orange to bliui 
takes place at pn 6-6-74, but in general it 
has no advantages ov or other indicators. 

Eupittone Black, Noreupittone, Hexa- 
hydroxyaurine, Cj5,Hi409, 

OH 

LCoHj(OH)3]jC-/ 

"oh 

This substance is produced when eupittone is 
dissolved in sulphuric acid at 140° and the 
temperature is kept at 125° until the mass is 
pure blue (Liebermann and Wiedermann, Ber. 
1901, 34, 1033). 

It is a black powder with a metallic lustre, 
soluble, when freshly precipitated, in boiling 
water and alcohol. With alkalis it gives 
dirty-violet solutions, very readily oxidised. 
Addition of fuming HCI to its alcoholic solution 
precipitates Cj 9 Hi 409 ,HCI,C 2 H 5 * 0 H. 

It dyes mordanted fibres through a dirty- 
violet colour to deep black. 

EUPITTONIC ACID Eupittone. 

EUPNINE VERNADE. A preparation of 
caffeine iodide used in the treatment of asthma 
(Darrasse, Nanierre; Wilcox Jozeau, London). 
B.P.C. 1934. 

EUPORPHIN (BROMOPHIN). Trade 
names for apomorphine methobromide, 

CiyHijOaNMeBr, 

used as an' expectorant in acute bronchitis 
(U.S. Dispensatory). 

EUQU1N IN E. Brand of Quinin® et 
iEtliyiis Carbonas (quinine ethyl carbonate, 
^ 20 ^ 2302 *^ 2 *^^ 2 ^^) {Zimmer, Mannheim). 
B.P.C. 1934. 

EURESOL. Trade name for resoroinyl 
monoacetate. 
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EURHODINES v. Azines (Vol. I, p. 5686). 

EURHODOL8 v. Azines (Vol. 1, p. 669c). 

EUROBIN. Trade name for triacetyl 
chrysarobin, formerly used as a substitute for 
ch^sarobin in the treatment of skin diseases. 

EUROPIUM. Sym. Eu,at. no. 63, at. wt. 
162*0 ; McCoy, Baxter and Tuemmler (J. Amer. 
Chem. Soc. 1937, 59, 1133) obtained the value 
161-96 from the ratio EuCi^tSAg; Meyers and 
Hopkins {ibid. 1935, 57, 241) previously ob¬ 
tained 162*30 from the ratio EuClaiSAg; 
Aston’s mass-spectrographic value (Proc. Koy. 
Soc. 1934, A, 146, 46) is 151*90. Isotopes, 
151 and 163 in approximately equal abundance 
(Aston, Nature, 1933, 182, 930). 

Europium is one of the rarer elements of the 
rare-earth group, in which it is normally 
classified in the yttrium division. Together 
with gadolinium and terbium it forms the 
terbium sub-group. 

Sources. —Europium oxide is present in very 
small quantities in monazite sand, and may be 
extracted from the rare earths which are a by¬ 
product of the thorium and cerium extraction 
processes based on monazite, Gadolinite and 
other minerals containing yttrium earths {cf. 
Erbium) also contain europium. Noddack (Z. 
anorg. Chem. 1936, 225, 337) has discussed the 
occurrence and abundance of europium in 
meteorites. The element has also been detected 
spectroscopically in the chromosphere of the 
sun and in certain stars. 

Extraction. —In the case of europium the 
older methods of fractional crystallisation and 
precipitation normally used in rare-earth 
separations have been superseded by much 
quicker processes dependent on the reduction 
of tervalent europium compounds to the bivalent 
state, which readily permits a separation from 
the accompanying tervalent earths. 

Yntema (J. Amer. Chem. Soc. 1930, 62, 2782) 
submitted a solution containing europic chloride, 
contaminated with the chlorides of gadolinium 
and samarium, to electrolytic reduction in 
presence of sulphuric acid. The type of 
apparatus used by Yntema and others for the 
electroljrtic reductions is shown in Fig. 1. 
The europic chloride solution, containing 
sulphuric acid, is placed in the mercury cathode 
compartment 0, the anode compartment A (in 
which chlorine is evolved) containing dilute 
sulphuric acid. The narrow tube connecting the 
two compartments serves to prevent re-oxidation 
of the europous chloride by the chlorine evolved 
at the anode. The narrow column of electrolyte 
greatly increases the resistance of the cell, and 
the reduction of europic formate or acetate in a 
simple low-voltage one-compartment cell, using 
a mercury cathode and a platinum anode, has 
been shown to obviate this difficulty (McCoy, 
ibid. 1936, 68, 1677). In the type of cell 
illustrated electrolysis for 6 hours using 0*18 
amp. at 66 volts sufficed for complete reduction 
of the europium, which was precipitated as 
white granular europous sulphate in the cathode 
compartment. On analysis this product was 
found to be practically free from other 
rare-earth elements, only 1-2% of samarium 
remaining. 

A veiy similar process was used by Kapfen- 


berger (Z. anal. Chem. 1936, 195, 199), who 
prepared 98% pure europium compounds after 
tliree successive reductions; the starting 
material contained 3% of europium, together 
with gadolinium, samarium and traces of 
terbium. After each reduction the europous 
sulphate was removed, reconverted to europic 
chloride (.'?ce below), and again reduced by the 
same method. Six reductions gave a 99*9% 
(spectroscopically pure) product. The difficulty 
of eliminating samarium is possibly due to the 
occurrence of bivalent samarium, which is 
carried down with the europous sulphate. 

Brukl (Angew. Chem. 1936, 49, 169) has also 
used the electrol 3 rtic process, precipitation of the 
europous sulphate in a pure state being 
facilitated by co-precipitation of strontium 
sulphate. 

A complete separation of europium, in which 
reduction to the bivalent state was effected by 
treatment with zinc, is exemplified by the work 



of McCoy (J. Amer. Chem. Soc. 1936, 68, 2279). 
The source was a rare-earth concentrate from 
Travancore monazite sand, from which 
ytterbium and lutecium had been eliminated 
by precipitation of the double sodium sulphates 
(leaving these metals in solution); lanthanum, 
praseodymium and neodymium had also been 
removed by fractional crystallisation of the 
double magnesium nitrates. The starting 
material was thus a mixture of the oxalates of 
neodymium (traces remaining from the previous 
separation), europium (0*6%), terbium, dyspro¬ 
sium, holmium, yttrium and erbium, with 
larger quantities of samarium and gadolinium. 
The oxalates were boiled with caustic potash, 
and the resulting hydroxides dissolved in 
hydrochloric acid. The solution of the chlorides 
was then reduced with zinc in presence of acetic 
acid and magnesium sulphate; barium chloride 
solution was added slowly and continuously 
during the reduction to aid precipitation of a 
purer europous sulphate by co-precipitation of 
barium sulphate. The crude insoluble residues 
were repeatedly extracted with hot dilute 
hydrochloric acid containing sodium chlorate, 
which dissolved out the europium as europic 
sulphate. Oxalic acid was added to precipitate 
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a crude oxalate (20% europium), wliioh was 
again converted to the hydroxide by treatment 
vdth alkali. The hydroxide was Resolved in 
hydrochloric acid, and traces of lead present 
as impurity precipitated by addition of a little 
zinc. The solution, containing europic chloride, 
was then allowed to percolate through a column 
of metallic zinc into a solution of magnesium 
sulphate and sulphuric acid, in which europous 
sulphate was precipitated. The precipitate 
was removed, boiled with sodium carbonate 
solution, and the europous carbonate dissolved 
in hydrochloric acid. The resulting 65-70% 
pure europous chloride solution was then 
oxidised by treatment with nitric acid in 
presence of excess of hydrochloric acid. Weakly 
basic elements (thorium, aluminium, etc.) 
present in small quantity as impurities were 
removed at this stage by neutralisation with 
basic magnesium carbonate and boiling with 
magnesium acetate. The europic chloride was 
then re-reduced by percolation over zinc, 
europous sulphate being precipitated as before; 
this was reconverted {via the carbonate) to 
europic chloride, and the reduction process 
again repeated. Eight successive reductions by 
this process gave 99*7% pure europous sulphate, 
of which 88 g, was obtained from 500 g. of the 
20% crude hydroxide. 

In a modification of the above process (McCoy, 
ibid. 1937, 59, 1131), three reductions with zinc 
were carried out by the method just described, 
giving a europic chloride solution of about 70% 
purity. This was agitated with zinc in presence 
of a little hydrochloric acid until disappearance 
of the tervalent europium absorption bands 
indicated complete reduction. The clear solution 
was decanted (in an atmosphere of carbon 
dioxide), and concentrated hydrochloric acid 
slowly added. 90% of the europium present 
then separated as a colourless crystalline 
precipitate of europous chloride dihydrate, 
EuC) 2,2H20. This was dissolved in water 
and the reduction and precipitation repeated. 
Five repetitions of the juocess gave a product 
from which pure europium oxalate was prepared. 

Preparation and Properties of Europium. 
—mixture of metallic europium with an 
alkali metal chloride has been prepared by 
Klemm and Bommer (Z. anorg. Chem. 1937, 
281, 138) by heating anhydrous europic chloride 
with sodium, potassium, rubidium or cesium. 
Magnetic measurements on the product show 
that the atomic moment of europium in the 
metal is p«af«=8*3 Bohr magneton units; this 
indicates tnat europium occurs in the metallic 
state chiefly as bivalent ions, giving a calculated 
value of iipara 7*9 magnetons. Tliis conclusion 
is supported by the comparatively high atomic 
volume (29*00 c.c,; sp.gr. 6*24). The metal 
has a body-centred cubic lattice, a=4*673A. 
Magnetic susceptibility measurements by 
Cabrera on europic compounds have given an 
atomic moment of 17*92 Weiss magneton units. 
The ionic radius of the tervalent europic ion is 
0*870 a (Grimm and Wolf, Z. physikal. Chem. 
1926, 119, 264). Noddack and Brukl (Angew. 
Chem. 1937, 60, 362) have studied the cathode 
potential-current curve for a dropping mercury 
cathode in europic solutions; the curves show 
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two distinct stages of reduction with character¬ 
istic potentials of —0-710 and —2*610 volts, 
referred to a normal calomel electrode. Other 
rare-earth elements also give two reduction 
potentials under these conditions, but the large 
difference of the two values in the case of 
europium corresponds to a comparatively high 
stability in the bivalent state. McCoy (J. Amer. 
Chem. Soc. 1936, 58, 1577) states that the reduc¬ 
tion potential of Eu**' — Eysolutions isapproxi- 
mately 0*43 volt. 

Intense artificial radioactivity is induced in 
europium by bombardment with slow neutrons 
(Marsh and Sugden, Nature, 1935, 136, 102; 
Hevesy and Levi, ibid, 103). The latter authors 
attribute the activity to the dysprosium 
isotope ”'Dy. 

The arc spectrum of europium is highly 
characteristic, strong lines being observed at 
4129*9, 4205*2 (both very intense), 3819*8, 
3930*7, 3972*2, 4435*8, 4594*3, 4627*5 and 
4662*1a. Three lines at 4661. 4627 and 
4594a, in the flame spectrum, are recommended 
by Piccardi (Atti K. Accad. Lincei, 1933, [vi], 
17, 1092) for the detection of europium. For the 
spark spectrum, see Porlezza and Donati 
(Annali Chim. Appl. 1926, 16, 519) and de 
Gramont (Compt. rend. 1920, 171, 1106). 

Compounds op Europium. 

Europium is notable among rare-earth 
elements in that it gives a particularly well- 
defined series of europo?^^ salts, in which the 
metal is bivalent, in addition to the normal 
(europtc) series characteristic of rare-earth 
metals. Europous salts show many similarities 
to the corresponding salts of barium, while the 
europic salts show the characteristic properties 
of the group. 

Europic salts give pale pink aqueous solutions, 
the absorption spectrum in presence of strong 
nitric acid having bands at 5,900, 5,700, 5,350, 
6,250, 4,650, 3,955, 3,855 and 3,800a. The 
band at 4,650a is particularly characteristic 
(r/. Gardiner, J.C.S. 1926, 129, 1618; Prandtl, 
Ber. 1920, 53, [B], 727; Z. anorg, Chem. 1921, 
116, 96; Yntema, J. Amer. Chem. Soc. 1923, 
45, 911). Europic solutions and glasses con¬ 
taining europic oxide give strong fluorescence 
bands in the yellow and red regions (Deutschbein, 
Z. Physik, 1936, 102, 772). The use of the 
fluorescence spectrum in analysis has been 
investigated by Deutschbein, Tomaschek and 
Gobrecht (Ann. Physik, 1937, [v], 29, 311). The 
characteristic cathodo-luminescence spectrum 
of calcium tungstate in presence of traces of 
europium has also been suggested as a delicate 
test for europium compoimds (Servigne, Compt. 
rend. 1937, 204, 863). 

Europous compounds in solution give none 
of the absorption bands referred to above, 
but complete absorption of visible fight occurs 
below 4,480a. 

Europic Oxide, EU2O3. —Prepared by heat¬ 
ing the hydroxide, nitrate or oxalate, or from the 
sulphate at 1,600®. It is a pale pink powder, 
the oxide prepared from the sulphate possessing 
a somewhat deeper colour. Goldschmidt's 
(pseudo-trigonal) form is obtained on heating 
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to 1,100®; the cubic C form is obtained on 
heating at 750® for 6 hours. The sp.gr. of the 
oxide prepared from curopic oxalate is 7-42. 

Europic Hydroxide, Eu(OH)3, is precipi¬ 
tated by addition of ammonia or an alkali to a 
solution of a curopie salt, or it may be prepared 
by boiling the oxalate with caustic allcali solution. 

Europic Chloride, EuCig. —Greenish- 
yellow needles, m.p. 023° in nitrogen in a closed 
tube, sp.gr. 4*471 at 35°. Prepared by passing 
sulphur rnonocliloridc over heated europic 
oxide at 200-500°, or by careful heating of the 
hydrated salt (prepared I'rom the oxide and 
hydrochloric acid) in sulphur monochloride and 
chlorine. The anhydrous chlorifle may also be 
obtained from the; hydrated salt by* drying the 
latter over phosphorus pentoxide, heating to 
320" in hydrogen (hloride and cooling in 
nitrogen, ('an’! must be taken in all these 
fjreparations not to overheat the (“hloride, 
otherwise partial reduction to europous chloride 
may occur. Reduction of europic chloride by 
hydrogen begins at 270"; at high temjHTatures 
the europous chloride formed “ dispropor- 
tionates ” into europium and europic chloride 
(dantsch, Nkalla and Grubitsch, Z. anorg. 
(3iem. 1933, 216, 75). In dry air at 000' 
europic chloride gives the oxychlorides EuOCI, 
which is a white powder insoluble in water, and 
soluble in mineral acids. Aqueous solutions of 
europic chloride are colourless and neutral to 
litmus. 

Europic bromide and iodide are not known; 
an iodatet Eu ( 103)3,5^H20, is precipitated by 
iodic acid from europic at^etate solutions. 

Europic Sulphate, Eu2(S04)3,8H20. —A 
pale rose-coloured crystalline solid prepared by 
evaporation at the ordinary temperature of a 
solution of curopit; oxide in sulphuric acid. 
Phiropic sulphate is the least soluble of the 
rare-earth sulphates, the solubility in 100 parts 
of water being 2*5()3 parts at 20° and 1*93 parts 
at 40°. The anhydrous sulphate is obtained 
on heating the hydrate to 375°. The oxide is 
formed at 1,600°. I^hc octohydratc has a mag- 
ru'tic susceptibihty of 5*59x 10“^ (IG.S units. 

Europic Nitrate, Eu (N03)3,6H20.— 
Obtained by dissolving euro]iic oxkle in nitric 
acid, evaporating off the excess acid on a water- 
bath, dissolving the residue in water and 
crystallising over sulphuric acid. The salt melts 
in its water of crystallisation at 85° (sealed tube). 

Europic Carbonate, Eu2(C03)3,3H20, is 
an insoluble miorocrystalline powtier prepared 
by passing carbon dioxide through an aqueous 
su^ension of europic hydroxide. 

Europic Phosphate, EuP04,4H20, is 
prepared as a microcrystalline powder by 
adding a slightly ammoniacal solution of 
disodium phosphate to europie nitrate solution. 
Europic Platinocyanide, 

Eu,[Pt(CN),]„21H,0. 

A yellow crystalline solid with a blue fluores¬ 
cence, prepared by double decomposition of 
europic sulphate and barium platinocyanide. 
Partial dehydration in a vacuum desiccator 
gives a red salt with a green fluorescence, 
characteristic of the platinocyanides of the 
yttrium group earths. Prolonged drying over 


sulphuric acid in a vacuum gives a monohydra to 
(pale yellow). 

Europic Nitrite. —A characteristic triple 
nitrite of sodium, caesium and europium, 
NaCSgEu (NOg)^, has been prepared (Goswami, 
Sci. and Culture, 1935, 1, 210). 

Europic Formate and Acetate may be 
prepared by dissolving the oxide in the 
corresponding acid; the acetate crystallises as 
the tetrahydrate, Eu (0Ac)3,4H20. 

Europic Oxalate, Eu2(C2O4)3,10H2O, is 
obtained by precipitating a boiling solution of 
europic nitrate with boiling oxalic acid solution. 
The j)entahydrato is formed on heating at 100°. 
A double oxalate, KEu(0304)3,SHgO, is pre¬ 
cipitated on careful addition of europic nitrate 
solution to a solution of potassium oxalate. 

Europic Tartrates, EuH(C4H40g)2,2H20 
and Eu2(C4H40g)3,5H20, Citrate, 

Eu(CeH,0,),5H20, 

and Acetylacetone, Eu (CgH702)3,3H20, 
have been prepared. 

Europous Chloride, EuClg- —Anhj^drous 
europous chloride is obtained as a white 
amorphous powder by reduction of europic 
chloride with hydrogen at 270-450°, or by 
gradual heating of europic chloride to 520°. 
Europous chloride is mucli more stable than 
samarous chloride, SmClg, to which it is 
analogous. It is soluble in water, and the 
solution is not oxidised by nitric acid; an 
equilibrium reaction occurs with iodine. Con¬ 
centration of the solution at 100° causes the 
following reaction: 

6EuCl2+3H20-4EuCl3+2Eu(0H)3. 

On adding concentrated hydrochloric acid to a 
solution of europous chloride, the dihydrntc 
EuCl2,2H20 is precipitated as a colourless 
crystalline solid which is probably isomorphous 
with the barium salt BaCl2,2H20. Europous 
chloride dihydrate is readily oxidised on 
exposure to air. 

Europous Iodide, Eulg. —A brownish-green 
powder prepared by heating the hydrated or 
anhydrous chloride in a mixture of hydrogen 
iodide and hydrogen at 450°. The a({ueous 
solution is colourless and fairly stable. 

Europous Sulphate, EUSO4. —(kdourless 
crystals, prepared by electrolytic reduction of 
europic salts {v. supra ), or by adding sodium 
sulphate to europous iodide solution. It occurs 
in two forms differing in solubility and density, 
both of which are almost insoluble in w'ater 
and dilute acids. Nitric acid effects oxidation 
to the tervalent state. The salt is stable in air 
at the ordinary temperature and up to 65°; 
it is isomorphous with barium sulphate (McCoy 
and Pauling, J. Amer. Chem. Soc. 1937, 59, 
1132). The cell dimensions are a 8*46, b 5*37, 
c 6*90a, the unit cell containing 4 mol. The 
ionic radius of the bivalent (europous) ion is 
deducted from these measurements to be 1*17a. 
The magnetic susceptibility of europous sulphate 
is 21-9X 10-» e.G.S. units. 

Europous Carbonate, EUCO3, obtained 
as a dense granular precipitate by boiling the 
sulphate with sodium carbonate solution. 

A. J. E. W. 
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EUSCO POL . Trade name for i-scopolamine 
hydrobromide, C^HgiO^N-HBr, formerly used 
chiefly as a drastic sedative. 

EUSOL V, Disinfectants (this Vol., p. 21d). 

ELISTEN IN. Trade name for an addition 
compound of sodiotheobromine and sodium 
iodide, C 7 H 702 N 4 Na-Na I. 

EUTERPENE v. Euc !ARVONE. 
EUXANTHIC ACID. The colourin^^ 
matter in Indian a pigment obtained 

from the urine of cows which have been fed on 
mango leaves. 

EUXENITE. A rare-earth mineral con¬ 
sisting essentially of columbate and titaiiato of 
yttrium and erbium, with smaller amounts of 
uranium, thorium, cerium earths, iron, etc. 
Crystals are orthorhombic, but are very rare 
and indistinctly developed ; the mineral is more 
often massive, with a blackish-brown colour and 
a brilliant pitchy lustre ; sp.gr. 4 G-5*1 ; H. 

In appearance and character, it closely resembles 
several other rare-earth minerals, particularly 
polycrasc, from which it ditl'ers in containing a 
lower ratio of (Cb.TalgOg: TiOa- It is occa¬ 
sionally found in the felspar (luarries at sevHual 
places in the neighbourhood of Arendal in 
ISIorway {v, W. C. Brdgger, “ Die Mincralien der 
Sudnorwcgischen Granit-l’cgmatitgange,” 190G). 
Also in the pegmatite veins of Madagascar 
(with UO 2 1G%), Cooglegong in Western 
Australia, South Sherbrooke in Ontario, etc. 
Named from eu^eror, friendly to strangers, in 
allusion to the several rare-carths it contains. 

L. J. S. 

EVAPORATION. 

General PRiNcirLKS. 

The term “ Evaporation ” is used in con¬ 
nection with technical or iiuinufacturing 
operations when a liquid is converted into 
vapour, but in chemiiial manufactures it is 
generally limited to those processes w'herc the 
object is to separate a liquid from a solid which 
is dissolved in it, or to concentrate a solution, 
or to separate a more volatile from a less 
volatile liquid ; the term being used in this case 
when the physical properties of the liquids are 
dissimilar, so that good separation is obtained 
by continuous “ boiling ” as opposed to frac¬ 
tional distillation, c/. concentration of sulphuric 
acid, glycerin, etc. In cases where the liquid to 
be evaporated is one of the products of the 
process, and is collected by condensation, the 
process is known as distillation {q<v.). The 
process of removing water from a high per¬ 
centage of solid matter, when such w^ater is 
not part of the crystalline form, is known as 
desiccation or drying {q.v.). The operation of 
evaporation, however, is conducted on the 
greatest scale in the generation of steam for 
steam engines, and in the production of steam 
generally for manufacturing purposes. Although 
more water is evaporated in connection with the 
steam engine or turbine than for any manu¬ 
facturing processes, yet great quantities of steam 
are used as a convenient means of applying and 
distributing heat, especially when regulated and 
moderate temperatures are required. In such 
cases the heat is applied to the vessel to be 
heated through jackets or coils of pipes im- 


405 

mersed in the liquid to bo raised in temperature. 
Such applications are made in sugar and con¬ 
fectionery manufacture, and in distilleries, 
breweries and dyeing, and in chemical and allied 
industries. 

Evaporation occurs with all liquids when a 
sensible vapour pressure difference exists be¬ 
tween the liquid and its surrounding vapour. 
In a heat insulated region the liquid will cool 
by evaporation until its vapour pressure becomes 
equal to that of the surrounding vapour. This 
cooling will also occur when the evaporation is 
rapid compared to the heat transfer from the 
atmosphere. If ample heat is available, either 
directly applied or from the surroundings, the 
liquid wiU be maintained at constant tempera¬ 
ture until the atmosphere is saturated at the 
vaj)our pressure of the liquid for the tempera¬ 
ture under consideration. This occurs for 
mixtures of liquids or with liquids witli solids 
in solution, the amount of evaporation before 
saturation is reached depending on the mol- 
content and va 2 )oiir pressure of each con¬ 
stituent. A liquid is said to be volatile when 
its vapour has a considerable jircssure at 
ordinary atmos 2 )Iieric teraj)erature8. At 20°, 
for example, the 2 )rc 8 sure of water vapour (or 
tension, as it is somewhat ina 2 )propriateJy called) 
is 17-39 mm. mercury, whilst the pressure of 
ether vai)our at the same temperature is 440*5 
mm. and tliat of alcohol 44-5 mm. If the liquids 
be placed in atmosj)heres whose pressures can 
be kept at these points by artificial means, then 
these liquids will boil. As the evaporation 
under these circumstances is very raj)id, rela¬ 
tive to the flow of heat to the liquid from 
surrounding bodies, if only atmospheric tempera¬ 
ture be available, the heat is abstracted so 
quickly that many liquids freeze. 

Advantage is taken of these properties for 
many purposes in the use of air currents passed 
over the surfaces of liquids to evaporate them 
without the api)lication of other than natural 
heat; also in the extensive use of hot air as the 
evaporating medium, as in spray evaporators and 
dryers, the regeneration of silica gel, etc. Re¬ 
duced pressures are applied to evaporate 
without heating or to reduce the teinj^erature 
necessary in order to avoid chemical decom¬ 
position and also to produce cold mechanically. 
Reduced pressures are also used for economy in 
large-scale evaporation, as successive use can 
be made of the latent heat of the vapour from 
the first stage evaporation in second and 
subsequent stages, often in three, but may even 
be extended to eight effects. 

Evaporation in Steam Boilers. 

Steam is almost the universal means of con¬ 
veniently transferring heat for evaporative pur¬ 
poses and has an exceptionally wide application 
in the steam engine for the production of power. 

Hence the evaporative efficiency of the steam 
boiler has been more closely studied than that 
of any other type of evaporating apparatus, and 
the principles of the economical application of 
heat for evaporating are more completely known 
in this connection than in any other. 

There are many types of steam boiler which 
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are generally classified either as smoke tube or 
water tube. The following are some of the best 
known types: Lancashire, Cornish, Loco-Multi- 
tubular. Marine Multitubular and Water Tube. 

Obviously in an article of this character, 
delved description of the various types of 
boiler is uncalled for; the reader is therefore 
referred to the numerous textbooks existing 
on the subject, such, for example, as : “ Modem 
Steam Boilers,’* by E. Pull, Benn, London, 
2nd ed., 1929. 

Steam Heated Evaporators. 

In the older processes, such as sugar manu¬ 
facture, the liquors were evaporated in a direct- 
fired open pan. For the source of heat use was 
made of solid fuel, oil, gas or flue gases. Owing 
to the difficulties of inefficiency, tempera¬ 
ture control and local overheating causing 
deterioration of the liquor, direct firing has been 
replaced by steam except in special cases such 
as liquids of high boiling-point. Vessels are 
used with coils or jackets heated by steam at 
such a temperature above the boiling-point of 
the liquid as to give a reasonable temperature 
drop for evaporation. A combination of coil 
and jacket increases the heating surface and also 
the thermal agitation. Even then movement is 
slow and the rate of evaporation is low. 

Evaporation under Reduced Presmre .—The 
vacuum pan was introduced by Howard for 
sugar liquors, whereby the liquor is evaporated 
under vacuum and consequently boils at a lower 
temperature. This is of advantage where the 
liquor is affected by temperature or if it has a 
high boiling-point. It also allows the use of 
exhaust steam or gives a higher temperature 
drop, thus increasing the rate of evaporation to 
some extent. 

The vacuum pan consists essentially of a 
vessel, usually cylindrical, constructed either of 
copper, mild steel plate or cast iron, containing 
the sugar liquor or massecuite, and having 
provision for heating by steam or vapour. 

The heating element may either be copper 
coils immersed in the liquor, or a calandria, t.e. 
a belt of the pan body closed off by tube plates, 
with straight vertical tubes, also one or more, 
circulation downtake tubes, all well secured to 
the upper and lower tube plates. The heating 
medium is allowed into the annular space and 
heats the outer surfaces of the tubes, the heat 
being transmitted to the liquor inside; this 
liquor, on being heated, circulates upwards 
through the heating tubes and downwards 
through the circulating tube. 

The upper part of the vacuum pan carries a 
vapour dome and saveall or separator con¬ 
taining baffie plates which, by changing the 
velocity of the vapour and reversing the direc¬ 
tion of flow suddenly, trap any particles of 
liquor carried up in the vapour. 

The outlet branch of the saveall is connected 
by piping of large diameter to a condenser, 
generally of the barometric direct contact type, 
in which the vapour is condensed, while air and 
other incondensable gases are exhausted from 
the condenser by a vacuum pump, or an air 
ejector. 


Fig. 1 shows a vacuum pan made by Messrs. 
Manlove, AUiot & Co. Liquor is fed from 
vessel B to the pan A; a and b are arranged to 
equalise the pressure so that the flow is 
towards A. Steam is admitted at valve C and 
passes through coils D into jacket E, the con¬ 
densate discharging through F. The vapour 
passes through separator G and through H to 



I and from L to the condenser. Pipe K returns 
any liquid to A. 

Fig. 2 shows a vacuum pan as supplied by 
the Mirrlees Watson Co., Ltd., and designed in 
accordance with most recent practice for the 
concentration of sugar juices. 

This is a calandria-heated pan, having a 
liberally proportioned central downtake and 
specially shaped bottom, features which pro¬ 
mote lively circulation of the sugar liquor. 
Steam enters the calandria at two inlets fitted 
with deflectors, which, in conjunction with 
baffles, suitably placed, ensure even distribution 
of steam and complete venting of incondensable 
gases. Liquor feed enters from a ring-pipe at 
six points around the bottom, through ports 
arranged so that the inflow merges with the 
circulation current. 

The special shape of the bottom has the 
object of minimising the volume of liquor 
below the heating surface, also of giving a 
stream-line contour for reversing the downward 
current in the large centre tube to an upward 
movement towards the heating tubes, without 
eddying. 

Evaporation in Multiple Effect .—^This consists 
of a number of evaporators connected in series, 
the steam supply being connected to the first 
effect. The vapour evaporated is taken to the 
steam space of the second effect and is con¬ 
densed, thereby evaporating further vapour 
which can be used in a third effect and similarly 
for more effects. This exchange of latent heat 
can be continued to any number of effects 
provided that there is sufficient temperature 
drop between the heating vapour and the 
boiling liquor to cause evaporation. Multiple- 
effect operation can therefore be carried out 
non-vacuum or under vacuum, depending on 
the steam pressure available, number of effects 
required and characteristics of the liquor. 
Although increase in the number of effects 
decreases the steam consumption, the heating 
surfisce increases accordingly. 
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It frequently happens that a liquor increases 
in viscosity during concentration, to such an 
extent that at its reduced temperature under 
vacuum the rate of evaporation is very slow. 
With such a liquor the last effect of a straight 
multiple-effect plant becomes very inefficient. 
It is the modern practice to overcome this 
difficulty by passing the liquor through the 
multiple-effect in a counter-current manner, 
i.e. the weak liquor enters the last effect, passes 


forward through the effects and leaves the 
first effect at the final concentration. Alter¬ 
natively, semi-counter-current working is adop¬ 
ted as, for example, when dealing with sulphite 
liquor from paper mills in a quadruple effect, 
the liquor passes through the effects usually 
in the order third, fourth, first and second. 

When cold liquor is fed directly into a single- 
or multiple-effect, an appreciable amount of 
steam is used in preheating the liquor to boiling- 



Fig 

point before evaporation commences. The 
steam economy of an evaporator can be greatly 
improved by using the vapour evaporated from 
the liquor for preheating the feed, and this is 
now the usual practice with the best makes of 
evaporators. 

In the simplest case, the vapour from a single- 
effect passes through a heater, where a portion 
of it is condensed and is usef^uUy employed in 
preheating the feed. The maximum steam 
economy is obtained in a multiple-effect 
evaporator by multiple-effect heaters. The 


I. 3. 

liquor passes through a series of heaters, each 
taking its required vapour from the effect to 
which it is connected, so that each heater has 
vapour at a progressively higher temperature, 
and the liquor finally enters the first effect 
almost at boiling-point. 

As an example, the steam consumption for a 
single-effect working under atmospheric pressure, 
fed with liquor at 16°C. and evaporating 70% 
of the feed, is reduced by about 16% by using 
vapour for preheating. In a double-effect under 
similar conditions, the saving is about 28%. 
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Fig. 3 is an illustrat ion of a modern quadruple- 
effect evaporator, as constructed by the 
Mirrlees Watson Co., Ltd., for dealing with 
sugar juices, papermakers’ soda lye, distillery 
spent wash, etc. 

By means of baflaes (1) in the calandrias a 
definite path of flow with an even distribution 
of steam or vapour entering the calandria is 
obtained, and evaporative duty thereby in¬ 
creased. The calandria has a large outlet well 
for passing out the condensate; large vessels 
have two or three such drains. From the first 
effect the drain is discharged through a steam 
trap for boiler feed. Condensate from following 
effects passes into a separating receiver, from 
which the vapour obtained by flash evaporation 
passes to the next calandria, and the condensate 
to the following receiver. The calandria of the 
first effect has a relief valve to avoid overloading 
by excessive steam pressure. I 
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! Savealls (2) are constructed to intercept 
effectively liquor entrained in vapour and are 
proportioned to suit the quantity and density 
of vapour passing between the respective vessels. 

Non-condensable gases are withdrawn from 
the calandrias by internal dip pipes, and thence 
through pipes (3) leading to the vacuum space 
of the last effect, then to the condenser. Liquor 
enters the bottom of each vessel from an internal 
perforated distributing pipe directly under 
small tubes. Concentrated liquor leaves at a 
point immediately below the circulating (down- 
take) tube. The liquor column receives the 
liquor for maintaining a “ head ” of liquor on 
suction side of extraction pump. A sampler for 
ascertaining liquor density is fitted on the last 
effect. 

Quick-action man-doors (4) arc fitted at the 
bottom of each vessel for access below calandrias, 
and on the body for access to the vapour space 



for cleaning tubes. All fittings are conveniently 
arranged for manipulation, and the liquor- 
regulating valves have extension spindles for 
operation from a platform. 

Film Evaporators .—In the calandria type 
evaporator as Figs. 2 and 3 the tubes are 
vertical and submerged in liquor. There is 
also the submerged type where steam passes 
through a number of horizontal tubes which 
are covered by the liquor surrounding them. 
This submergence causes an elevation of 
boiling-point due to the hydrostatic head. 
Research on heat transfer showed that the 
liquor should flow with the highest permissible 
velocity or, even better, should be evaporated 
in the form of a thin film. The Lillie evaporator 
was introduced with these points in view. 
Liquor is distributed by a pump over a hori¬ 
zontal nest of steam-heated tubes and falls from 


tube to tube to the base of the evaporator partly 
as a film and partly in drops. The tubes are 
closed at one end and arranged at a slight angle 
for drainage of the condensed steam. 

The Yaryan evaporator is also of tho hori¬ 
zontal tube type, but the liquor passes through 
the tubes, as shown in Fig. 4, from feed tank E 
with float control F or by pump in the direction 
of the arrows. The diagram shows four passes 
of tubes, there being usually five tubes per pass. 
The boxes at each end have partitions so that 
the liquor being evaporated together with 
vapour travels continuously through the four 
passes via M into the separator L. R is the steam 
inlet to the first effect body J^, and the vapour 
from T passes to the second effect J^. The 
liquor from the bottom of the first separator also 
enters the second effect and loaves at 0 after 
concentration. S, jr, a and c are openings for 
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fittings, condensate and air drain. Vapour 
leaves the plant from U. The advantages of 
this type are the rapid flow of liquor and its 
exposure to heat for a much shorter period 
than in the submerged pan type. There is 
ready access to the tubes for cleaning by 
removing covers K and the liquor content is 
small. The Mirrlees Watson Co., Ltd., have 
constructed large evaporators of the Yaryan 
type for the distillation of fresh potable water 
from seawater, brackish well waters, etc., and 
Fig. 5 indicates the essential features of a 
typical plant. Six effects are employed to 
obtain the highest practical ratio of production 
to steam consumption. Salt water previously 
warmed by passing through heaters, in which it 


helps to condense and cool the distillate, is 
supplied into heating tubes in the lowest, i.e, 
the sixth, effect (E^ of the evaporator, and 
thence is passed upwards through heating tubes 
in the remaining effects in succession. On 
leaving the heating tubes in E^, the salt water 
has reached boiling-point, and is then circulated 
into the evaporating tubes of that effect, which 
is heated by exhaust steam from the steam- 
driven pumping engine supplemented by some 
direct boiler steam. The mixture of liquor and 
vapour passes into the first separating chamber, 
S^, from which the vapour is led to the steam 
shell of Eo, and the liquor to the evaporating 
tubes of that effect; this process is repeated 
in the remaining effects and separators, from 
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the last of which, S®, the strong brine is drawn 
off by pump, and the vapour passes through the 
tipper heater to the vacuum condenser. The 
water distilled in the preceding stages, being 
condensed in the steam shell of the following 
stage, is passed forward through valves to 
6®—becoming cooler at each stage—into the 
lower heater, where it is further cooled in heating 
the salt water feed, and is finally drawn up 
through valve 6’ into the condenser. The total 
distillate in the condenser is extracted by the 
vacuum pump. 

Paul Kestner invented the Keatner “ climbing 
film ’* evaporator resulting from his study of 
the limitations of the horizontal t 3 ^es. Fig. 6 
illustrates a typical section. The liquor already 
preheated nearly to boiling-point enters at B 
and passes through the vertical tubes, which 
are fewer and of greater length than in the 


apparatus last described. Steam supplied 
through inlet C to the jacket round the tubes 
causes ebullition of the liquid at the bottom of 
the tubes, releasing a volume of vapour wliich 
must find its way to a region of lower pressure 
by passing up the tube. As this vapour ascends 
it forms a core in the centre of each tube and 
carries up the liquor as a film at high velocity 
on the internal tube surface. Evaporation 
proceeds continuously in the passage up the 
tubes and the liquor reaches the required 
concentration at the top, where it is separated 
from the vapoiur in a specially designed tangen¬ 
tial separator from which vapour leaves at F 
and liquor at E. A is the condensate outlet and 
B the air drain. Very complete separation is 
obtained by the high velocity, and entrainment 
is further prevented by baffles in the top of 
the separator which act as a saveall. When it 
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is required to obtain a higher percentage of 
evaporation the liquor passes up the “ climbir 
film ” tubes and down a set of “ falling film 
tubes, all the tubes being within the same steam 
jacket. The separator in this case is placed at 



under atmospheric pressure or vacuum or in 
multiple effect, the liquor and vapour from 
outlets E and F being passed to inlets B and 0 
respectively of the next effect. The high 


velority in the tubes not only gives optimum 
conditions for heat transfer, but reduces scaling 
to a minimum. The time of contact with the 
heated surfaces being only about 1 minute 
enables some sensitive liquors to bo evaporated 
under atmospheric pressure, whereas a vacuum 
would be required in a pan having relatively 
large quantities subject to long time contact. 
The tubes are readily accessible and owing to 
their length the number is reduced to a minimum, 
and consequently the number of joints; more¬ 
over, the plant occupies a small ground space. 

Brine Evaporation. 

Solar .—Weak brine is pumped from wells and 
allowed to flow over a selected area of ploughed 
land or a base of twigs, etc., to expose an 
extensive surface to air currents. Solar radia¬ 
tion evaporates the water and leaves salt- 
impregnated earth which is washed with weak 
brine. The solution leaves in the form of 
strong brine and is taken to the boiling sheds. 
In some cases a number of large shallow re¬ 
servoirs are connected in series in which the 
brine is gradually evaporated. 

Open Pans ,—When artificial heat is applied 
to the evaporation of brine large shallow salt 
pans are used. They consist of fiat rectangular 
vessels of mild steel plate supported on suitable 
brick walls, forming flues which distribute the 
heat from furnaces placed in the centre part 
under the vessel. The flames strike directly 
upon the bottom of the vessel, and the hot 
products of combustion are conducted outwards 
by flues leading to the stack or chimney. In 
this way they traverse the whole bottom 
surface of the evaporating pans. The pans are 
of great area, often 60 ft. long by 30 ft. wide. 
The water vapour is collected by a large conical 
hood and carried off by a separate chimney. 
The sides of the lower part of the cone are so 
constructed that they can be opened to admit 
air from the direction in which the wind is 
blowing. This assists the evaporation by 
carrying off the water vapour generated and 
exposing the surface to a continual air current. 

If heat enough to cause a liquid to boil be 
applied, an air current will not increase the 
evaporation, but wiU tend to diminish it by 
cooling the vessel containing the liquid; but 
when the liquid does not reach the boiling-point, 
the continuous removal of the atmosphere in 
contact with the liquid is necessary. If this be 
not done, then, so soon as the atmosphere has 
become saturated with the vapour, that is, so 
soon as the water vapour is present in quantity 
sufficient to produce the pressure which corre¬ 
sponds to the temperature of the liquid, the 
evaporation ceases. 

It is a necessary condition of evaporation at 
temperatures less than the boiling-point that 
the atmosphere into which the evaporation 
takes place should bo continuously renewed, 
and it is advisable that the air into which the 
water evaporates should not be of lower tempera* 
ture than the liquid. When the temperature 
of the air is lower than that of the liquid, the 
volume of vapour carried off is much reduced, 
as the air must be heated by the vapour before 



412 


EVAPOEATION. 


it is capable of carrying off the volume equivalent 
to the vapour pressure. 

Salting Type Evaporator .—In the evaporation 
of brine for the production of pure, fine grain 
salt much use is made of steam-heated multiple- 
effect evaporators, the brine being first purified 
to remove calcium and magnesium salts. 
Exhaust steam is usually used working in triple¬ 
effect. When it is required to recover crystals 
from an imsaturatod salt solution, a general 
method is to concentrate to saturation point 
and crystallise out by cooling, the mother liquor 
being returned to the evaporator. This, how¬ 
ever, is not a feasible proposition with salts 
having a more or less flat solubility curve, e.g. 



In the Kestner salting type evaporator the 
heating surface consists of vertical tubes in a 
steam jacket or calandria, there being one or more 
calandrias connected to the separator in which 
the salt crystals are deposited. This has the 
advantage that the heating surfaces are readily 
accessible and one calandria can be cleaned whilst 
the others are in operation {v. Crystallisation 
BY Evaporation, Vol. Ill, p. 451). 

Forced Circulation .—further improvement is 
the recent development of the principle of forced 
circulation, wliich not only overcomes the difficul¬ 
ties just mentioned but also has other applica¬ 
tions. The Kestner type forced circulation 
evaporator is shown in Fig. 7, which is a 
photograph of a triple-effect 

--— of this type. Fig. 8 shows 

a standard single-effect evapo¬ 
rator of this typo. The plant 
is similar to a salting typo, 
each effect consisting of an 
external calandria fitted with 
straight tubes, and coupled 
to a separator and special 
liquor circulator. The liquor 
is circulated continuously 
from the separator and 
through the tubes at a high 
velocity. The vapours driven 
off the liquor by evaporation 
are disengaged in the separa¬ 
tor, and when dealing with 
salting liquors the resulting 
crystals are deposited in the 
separator and not in the 
calandria. The principle of 
working and operation is as 
follows: 

A certain maximum height 
of liquor above the top tube 
plate is maintained in the 
separator, such that the 
boihng-point of the liquor in 
the tubes due to hydrostatic 
head is higher than its boiling- 
point at the liquor surface in 
the separator. A very high 
rate of circulation is main¬ 
tained through the tubes, such 
that the temperature of the 
liquor at the top tube plate 
is below the boiling-point 
under the static head at this 


sodium chloride. With such solutions it is point, the temperature rise in passing through 
necessary to cany the concentration beyond the the tubes being actually only a few degrees. The 
saturation point and to deposit crystals in the hot liquor entering the separator rises to the top, 
evaporator itself. Many designs oif evaporator where it boils owing to the reduction in static 
have been built for salting out, with more or head, and the temperature drops to the boiling¬ 
less success, but generally speaking the con- point corresponding to the pressure or vacuum 
ditions are not so simple as when dealing in the vapour space. The calandria thus acts 
with liquors below the saturation point. The simply as a heater, and as no evaporation takes 
chiefdifficulty is that of preventing accumulation place in the tubes no crystals are deposited on 
of crystals on the heating surface, any such the heating surface. 

accumulation naturally reducing the rate of heat These evaporators are used for a number of 
transfer. Usually short tube calandria pans are salting liquors, and are remarkably successful 
adopted, special attention being paid to tube with borehole brine, which is a particularly 
distribution in order to obtain maximum natural difficult solution to deal with in the ordinary 
circulation. Mirrlees Watson have built plant way. Other advantages of the forced circulation 
of this type where the vessels are as much as design are that the velocity tends to keep the 
26 ft. diameter. tubes clean and also increases the heat transfer. 
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Apart from its use with salting liquors, the 
forced circulation evaporator is in addition used 
for delicate liquors. In general it is better to 



Fig. 8. 
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iwe a continuous film type of evaporator for 
liquors sensitive to heat, but other considerations 
from the process point of view sometimes make 
it preferable to work in batches, in which case 
the forced circulation type is to be preferred to 
the ordinary calandria pan, as it greatly reduces 
the danger of overheating. 

Evapobation of Acid Liquobs. 

Sulphuric acid is concentrated by direct-fired 
evaporation, the hot furnace gases passing under 
or above a series of shallow open vessels. In 
the usual form of basin or cascade concentrator 
the vessels are arranged one above the other so 
that the acid flows top to bottom counter- 
current to the direction of the hot gas flow. 
These vessels were made in lead or silica, but 
later sific^on iron alloys such as Tantiron were 
used as they resist the attack of the acid and 
heat and are not fragile. 

There are other well-known forms of con¬ 
centrator, such as the Gaillard and the Kessler 
in which the hot gases pass over the surface of 
the acid in a shallow trough, and then up a 
column where they meet a descending stream 
of weak acid. These methods sometimes 
involve entrainment losses, which are dealt 
with by special scrubbers. These systems are 
used where the highest concentrations are 
required. 

In modern industrial conditions it is frequently 
necessary to concentrate corrosive liquors 
which will attack even the latest of the many 
special metals and alloys that have been 
produced, such as nickel, monel metal, stainless 
steel, special bronzes, etc. For phosphoric and 
sulphuric acids lead and silicon-iron alloys are 
particularly suitable for resisting corrosion, but 
there are constructional difficulties in their use 
for the various typos of steam-heated evaporator 
previously described. The parchment paper 
and artificial silk industries are largo and in¬ 
creasingly important. In these processes there 
are largo quantities of liquor containing sulphuric 
acid which become diluted and have to be 
concentrated for re-use. The Kestner acid 
evaporator is a good example of a steam-heated 
plant extensively used for such industries 
(Fig. 9). The tubes are in special lead or 
silicon-iron alloy, each tube being arranged 
vertically in a steam jacket or calandria. The 
liquor passes up the tubes into the separator to 
which six tubes, for example, are connected to 
form one unit. Several units may be used 
arranged for liquor flow in series or parallel 
depending on conditions and capacity required. 
The separator is of special cast lead alloy 
construction, thus obviating the frequent 
attention and high upkeep cost caused by 
corrosion which is found when using lead-lined 
mild steel, even though the lining is homo¬ 
geneous. The vapour passes from the top of 
the separator through a vapour main to a baro¬ 
metric condenser, the non-condensable gases 
being dealt with by a steam-operated air 
ejector which having no moving parts obviates 
the corrosion difficulty of a vacuum pump. 
The concentrated liquor discharges under baro¬ 
metric head so that no extraction pump is 
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required. With this type of plant concentrations 
as high as 78% sulphuric acid can readily be 
obtained. 

Evaporation of Delicate Liquors. 

High Vacuum Evaporation .—^Liquors that 
readily deteriorate and are particularly sensitive 
to heat must be concentrated at low temperature 
with minimum time contact, and the continuous 
film typo evaporator is successfully used for this 
purpose. Progress with new products and 
demand for still better quality have led to the use 



Fig. 9. j 

of much higher vacua so as to reduce the liquor: 
temperature. The Kestner high vacuum multi- 
circulation film evaporator is a recent develop¬ 
ment of great importance for dealing with fruit 
juices, etc. A high percentage evaporation is 
required, usually some 80%, and the greater 
volume of vapour due to the high vacuum would 
produce such a high vapour velocity in the tubes 
as to give a drop in vacuum, due to friction, 
sufficient to minimise, to some extent, the 
advantage of the high vacuum in the condenser. 
This defect is avoided by the multicirculation in 
which the liquor enters a set of “ climbing film ” 
tubes, but the liquor and vapour enter the 
separator before the final concentration is 
reached. The partly concentrated liquor flows 
down from the separator to another set of 
“ climbing film ” tubes and liquor is removed in a 
second separator, from which it passes down to 
the next set of “ climbing film ” tubes and 
leaves at the required concentration from the 
third separator. The tubes are all arranged in 
one calandria, there being divisions in the top 
and bottom boxes to isolate the three sets of 
tubes. The vapour from each separator is taken 
to a special high-vacuum condensing plant and 


concentrated liquor removed by barometric 
discharge or extraction pump. Depending on 
conditions, only two stages may be required 
with two separators. The successive removal 
of vapour obviates the vacuum drop in the 
tubes and gives all the advantages of the high 
vacuum and low liquor temperature, together 
with film evaporation and minimum time 
contact. A special arrangement can be added 
to the evaporator for fruit juices whereby the 
aromatic constituents are first recovered and 
subsequently added to the concentrated juice. 
This gives a product which not only has no 
cooked taste but has all the flavour and aroma 
of the juice, and can be kept without addition 
of preservatives or sugar owing to the con¬ 
centration of the natural sugar content. Other 
products such as milk, gelatin, pectin, etc., 
are concentrated in this type of plant. 

Spray Evaporation .—A development of 
another type is evaporation by spraying the 
liquid into a current of hot air. In the earlier 
attempts the liquid was sprayed through jets 
involving high liquid-feed pressures and fine 
openings in the jets to get sufficiently good 
atomisation. The difficulties of choked jets 
and high pressure pumps were avoided with the 
Kestner patent atomiser. The liquor is fed by 
gravity from a feed tank and distributed evenly 
over the inner surface of a disc of inverted 
cuplike shape. The disc runs at the high speed 
of some 10,000 r.p.m. and sprays the liquor by 
centrifugal force into the top of the chamber in 
which the atomiser is centrally housed. Ad¬ 
justment can readily be made to give practically 
any required degree of atomisation. The upper 
portion of the chamber is constructed to give 
directional control of the hot air currents which 
cause instantaneous evaporation of the atomised 
hquor. The temperature of the liquid is raised 
until its vapour pressure approaches equilibrium 
with the partial pressure of the vapour in the 
hot air leaving the plant ; thus the liquid 
temperature can be varied by adjusting air 
temperatures and is extremely low. The 
liquor leaves the base of the chamber after 
concentration and is only in contact with heat 
for a very short time at minimum temperature. 
This type of plant has also advantages when 
dealing with liquors which cause scaling on the 
heating surfaces of evaporators having a metal 
wall l^tween the liquor and heating medium. 
Waste gases from boiler flues, etc., can in many 
cases be used for spray evaporators, thus forming 
a very economical unit. A considerable amount 
of water can be evaporated with flue gases from 
a comparatively small boiler, c.g. a boiler 
burning J ton coal per hour, assuming flue gases 
at 300°F. and the normal quantity of air per 
pound of coal, supplies sufficient heat to 
evaporate some 2,000 lb. of water per hour. 

Special Cases of Evaporatton. 

There are naturally some cases of evaporation 
which do not come within the category of the 
types of plant previously described. Amongst 
these may be mentioned the use of a volatile 
liquid to produce refrigeration. The liquid is 
introduced into a vessel at a pressure at which 
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it is liquid, the vapour being constantly removed. 
The fall in temperature caused by the rapid 
evaporation is used to cool the refrigerating 
medium, such as brine, which passes through 
pipes in the liquid. 

A recent development of interest is the use of 
fluid heat transmission where high temperatures 
are required which cannot bo obtained with 
steam at normal pressures. The Kestner 
system employs a special organic fluid which 
circulates in a closed circuit through an ab¬ 
sorber where it is heated to the required 
temperature by fuel oil, gas, electricity or solid 
fuel. After giving up the requisite amount of 
heat to the liquid to be evaporated it returns 
at a lower temperature to the absorber to com¬ 
plete the circuit. As an example, 600°F. is 
obtained with only 15 lb. pressure, whereas 
for this temperature steam would be required 
at 1,530 lb. In this connection it must be 
remembered that superheated steam is not a 
good medium for an evaporator as it acts as a 
gas and gives extremely low heat transfer. In 
some cases the special fluid is actually vaporised 
in the absorber, and its latent heat of condensa¬ 
tion is used to supply the heat for the evaporator. 
'Phe system of fluid heat transmission also has 
all the advantages of steam compared to direct 
tiring in avoiding local overheating of the 
liquid under evaporation. 

An interesting development, largely due to 
Oscar Brunler, is the combustion of liquid or 
gaseous fuel in direct contact with the liquid that 
is being evaporated. The vapour evaporated 
from the liquor leaves the plant mixed with the 
products of combustion. 

J. A. R. 

EVERITT’S SALT v. Cyanides (Vol. Ill, 
p. 471c). 

EVERNIC ACID, a lichen acid; the 
orsellinyl ester of everninic acid (orsellinic acid- 
4-methyl ether): 


OH OH 



EVIPAN. EVIPAN SODIUM. Trade 
name for l:6-dimethyl-5-cyc/ohexenylbarbituric 
acid, used in the treatment of insomnia. The 
sodium derivative (Evipan Sodium) is used by 
intravenous injection to produce immediate anaes¬ 
thesia {Bayer Products^ London). 

EVODIA MELI>CFOLIA. This tree, 
belonging to the Rutacese, is found in China and 
Japan, where its bark is employed in medicine 
and in dyeing. It was formerly described as 
PUrocarpus jiavus, but Squire (Pharm. J. 1888, 
[iii], 18 , 786) showed it to be really Evodiaglauca, 
which is s 3 monymou 8 with E. melisefolia. From 
the results of qualitative tests, Martin (Arch. 
Pharm. 1878, 18 , 337) and Squire (l.c.) suspected 
the presence of berberine, and this colouring 
matter was subsequently isolated by Perkin 
and Hummel (J.C.8. 1895, 67 , 415). 

A. G. P. and E. J. C. 

EVODIA RUT>ECARPA, ALKALOIDS 
OF. The dried fruits of Evodia rutmcarpa (Fam. 
Rutaoese) possess an aromatic odour and a 


bitter taste and have long been used in China 
and Japan in medicine and perfumery (Wu- 
Chii-Yii, c/. Chen and Chen, J. Amer. Pharm. 
Assoc. 1933, 22, 716, or Amor. Chem. Abstr. 
1933, 27, 6151). The occurrence of the two 
alkaloids evodiamine (I) and rutsecarpine (II) in 
E. rutaecarpa was first mentioned by Asahina and 
Kashiwaki (J. Pharm. Chim. 1916, [vii], 14, 64), 
and later by Asahina and Mayeda (J. Pharm. 
Soc. Japan,'1916, No. 416; J.C.S. 1021 , 120, i, 
48). A thiril alkaloid, tmchuyine^ has been 
reported to occur in the same plant by Chen 
and Chen [l.c.). 

Extraction (Asahina and Mayeda, l.c., 1921). 
—The dried material is percolated with acetone, 
the solvent evaporated and the residue, con¬ 
sisting of crystals and an oil, is treated with 
MeOH, which removes the oil. The crystalline 
mixture {1-5% of the fruit) consists of the two 
alkaloids and of small amounts of the lactone 
evodine. The alkaloids are separated by crystal¬ 
lisation from EtOH, evodiamine being the less 
soluble and the more abundant. The filtrate 
is boiled with 2% alcoholic HCl until the 
evodiamine still present is converted into iso- 
evodiamine hydrochloride, which is soluble in 
water. The water-insoluble part, consisting of 
ruteecarpine, not being affected by HCl, is 
recrystallised from EtOH. 

Evodiamine ( 1 ), Cj^Hi^ONg, 4-352° (in 
acetone), m.p. 278°, yellowish leaflets (from 
EtOH), is a weak base forming no salts with 
acids. Insoluble in HgO, CgHg and light 
petroleum, slightly soluble in cold Et 0 H,Et 20 , 
CHg-COOEt and CHClg, easily soluble in 
cold acetone. It does not react with nitrous 
acid or with acetic anhydride, the pine- 
wood reaction is negative. When heated in 
EtOH with HCl, it is converted into 
“ evodiamine-hydrate ” — moevodiamine (III), 
optically inactive, m.p. 146-147°, 
m^roso-compound, m.p. 120 °, pine-wood reaction 
positive. Ill is a stronger base than I, the 
hydrochloride forms hexagonal or rhombic 
plates. Heating HI with acetic anhydride or 
heating IIT-oxalato to its m.p. (150°) re¬ 
converts /moevodiamine into evodiamine, which, 
however, is then optically inactive. Evodiamine 
gives an orange-yellow coloration with H 2 SO 4 , 
changing to reddish-brown and finally to blue, 
and similar reactions with HCl (c/. Asahina 
and Mayeda, l.c., 1921). Rutwcarpine (II). 
CigHigONg, optically inactive, m.p. 268-261°, 
yellowish needles, only slightly soluble in most 
organic solvents ; it is not acted upon by 
Mel or nitrous acid, but a mono-acetyl- (m.p, 
184-186°) and a mono-henzoyl-dQTivsXiXQ (m.p, 
194°) may be obtained; it does not give a 
pine-wood reaction and is more resistant than 
evodiamine towards the action of hot cone, 
HCl, yielding the hydrochloride, which is 
instantly hydrolysed by HgO; II gives only a 
yellow colour with cone. H 2 SO 4 . 

Wuchuyine. (IV), CjoHi,0,N - 68 °. 

m.p. crystallises from acetone in colour¬ 

less tufts, slightly soluble in acetone. 

Constitution and Syntheses ,—^Evodiamine is 
decomposed by KOH into N -methylanthranilio- 



416 


EVODIA RUTiECARPA, ALKALOIDS OF. 

acid (V) and dihydronorharmane (VI) (Asahina ethyKndole- 3 -carboxylic acid of earlier papers, 
and Ohta, J. Pharm. Soc. Japan, 1926, No. 630, see Asahina, Manske and Robinson, J.C.S. 
29). If III is treated in a similar way, also V 1927, 1709, footnote.) 

and in addition 3-/8-aminoethylindole (VII) are If III-HCI is heated over the free flame it 
obtained. The latter compound was first loses H 2 O and CH 3 CI and II is formed 
regarded by Asahina as a 2 * 8 ub 8 tituted indole, (Asahina and Ohta, l.c., 1926). By treating I 
which error created considerable confusion in in a similar way, II may be obtained directly 
the early literature of the two alkaloids (cf. (Asahina and Ohta, J. Pharm. Soc. Japan, 1929, 
Asahina, Amer. Chern. Abstr. 1924, 18, 1667). 49, 157). 

In agreement with these results, II gives rise 1 and II were synthesised in various ways, 
to anthranilic acid (VllI) and 3 -^-aminoethyl- all methods starting with a derivative of 3*jS- 
indolc- 2 -carboxylic acid (IX) when treated with aminoethylindole (VII) or dihydronorharmane 
KOH in boiling amyl alcohol. ( 2 *^*Amino- (VI) and a derivative of anthranilic acid (VIII). 



1. For synthesis of II from ketotetrahydro- EX A LG IN. Trade name for N-methyl 
carboline and methylanthranilate, see Asahina, acetanilide, an analgesic. 

Manske and Robinson, J.C.S. 1927, 1708; cf. EXALTOLIDE and EXALTON. 
also Asahina and Ohta, J. Pharm. Soc. Japan, These two comparatively new synthetic per- 
1928, 48, 61. fumes, which are at present the subject of 

2. For synthesis of I from 3-j3-aminoethyl- letters patent, were prepared by Ruzicka during 
indole and a derivative of N-methyl-anthranilic his researches on musk, civet and poly-carbon 
acid, see Asahina and Ohta, Ber. 1928,61, [B], 319. ring compounds. 

3. For synthesis of II from 3-)3-aminoethyl- Exaltolide is a crystalline compound having 

indole- 2 -carboxylic acid and o-nitrobenzoyl- an odour between those of muscone and ambrette 
chloride, see Asahina, Irie and Ohta, J. Pharm* seeds. It is so powerful that 2 g. in 100 kilos 
Soc. Japan, 1927, 543, 61, 81. of toilet powder produces a marked effect on the 

Schl. perfume. It is the lactone of 14-hydroxytetra- 

EVODIAMINE v, Evodia btjt.®cabpa, decane- 1- carboxylic acid and is prepared by heat- 
Alkaloids of. ing cycfepentadeoanone with Caro’s acid (cf, B.P. 

EVONYMIN V. Cardiac Glycosides (Vol. 294602/1927ofM.Naef&Co.). Exaltoneisgener- 
II, p. 387d). ally considered to be superior to muscone in its 
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muBk odour. It is cyclopentadecanoue of the 
constitution [CHa]i 4 :CO (c/. Ruzicka, U.S.P. 
1673093, 1928), muscone being methyl- 

cyclopentadecanone. 

E. J. P. 

EXOLON, a trade name for carborundum (?>. 
Abrasives). 

EXPLOSIONS—GASEOUS. Duringthe 
present century there has been a widespread 
development in the use of the internal com¬ 
bustion engine as a source of motive power; 
this has been in no small degree attributable 
to the great progress of the oil industry, which 
has spent vast sums on research leading to the 
production of liquid fuels from crude petroleum, 
such that both spark- and compression-ignition 
engines can operate with a high level of efficiency. 
In 1936 the consumption of hquid fuels in Great 
Britain approached eleven million tons.^ In 
addition, gas engines using coal gas, producer 
gas or blast-furnace gas are still widely employed 
at all powers up to 2,000 h.p. per cylinder. 

As is well known, the motive power in internal 
combustion engines is produced by the explosion 
of mixtures of inflammable gas or vapour and 
air in suitable proportion, but their eiftioienty 
depends very largely upon complete control of 
the rate of pressure development in such 
explosions relative to the speed of running in 
any particular case; this in turn depends 
upon both the design of the cylinder head and 
the fuel employed. 

An understanding of the phenomena associated 
with gaseous explosions is also essential for 
those concerned with the sal'ety of workers 
both in coal mines and factories where explosive 
mixtures may be encountered. It is therefore 
important first to consider generally the pro¬ 
perties of such mixtures and the mode in which 
flame may be propagated through them. At the 
outset, it should be recognised ( 1 ) that under 
given conditions of temperature and pressure, 
the “ range of inflammability ” of mixtures of 
any particular combustible gas and air (or 
oxygen) may be strictly defined, so that all 
mixtures outside certain “ lower ” and “ upi)er ” 
limits are non-inflammable; ( 2 ) that the 

ignition of any given inflammable mixture at a 
particular pressure is normally determined by 
the attainment of a certain definable thermal (or 
otherwise sensitised) condition at some point 
or region in it; (3) that after ignition the speed 
and mode of propagation of flame through the 
mixture are usually capable of measurement 
and analysis by well-established experimental 
methods; and (4) that when such a mixture is 
inflamed in a closed vessel, the maximum 
pressure on explosion and its rate of attainment 
may be accuratel 3 ’^ determined. 

A. Ignition Phenomena. 

Pre-Flame Combustion .—Chemical change may 
be determined in a gaseous explosive mixture 
at a much lower temperature than is required 
to develop flame. Thus, for example, if electro- 
l 3 rtic gas bo heated in an enclosure at a tempera¬ 
ture somewhat above 4()0®C., the formation of 
VoL. IV.—27 


steam can usually be detected after a lapse of a 
few days; with rise of temperature, liowever, 
such a reaction usually becomes more rapid, 
an increase of some 10 °C. resulting in its rate 
being doubled or quadrupled. And according 
to the classical view of Arrhenius, which held 
the field until but a few years ago, the rate of 
slow combustion in any particular case is 
I controlled by the number of molecules whose 
energy exceeds the required activation energy, 
E, this number being approximateI 3 " proportional 
to Qri these premises the ignition 

pointor “ ignition temperature of any 
particular explosive mixture was accepted as 
that temperature to which the medium must 
be raised so that the heat lost from the system 
by conduction through the walls of the enclosure 
is more than counterbalanced by the rate at 
which it is evolved by the interaction; the 
reaction thus becomes self-accelerating, the 
temperature rising until ignition occurs and 
flame appears. Many phenomena are now 
recognised which have tended to invalidate the 
universal acceptance of this simple thermal 
view; an example of long standing is the part 
played by water vapour in determining the 
combustion of carbon monoxide, and this had 
hitherto been thought to require some special 
explanation. Among others more recently 
recognised are ^; 

( 1 ) The retardation of slow combustion by 

decreasing the diameter of the reaction 
vessel. 

( 2 ) Its acceleration by the presence in the 

medium of inert diluent gases. 

(3) The dependence of reaction rate on the 

absolute concentration of one of the 
reactants and not of the other. 

(4) The observation of an abrupt transition 

from negligibly slow reaction to ex¬ 
plosion and vice versa. 

(5) The influence of inhibitors and promoters 

on combustion. 

In amphfication of (4), for example, attention 
may be directed to the phenomenon of low 
pressure ignition limits. At a suitably high 
temperature, certain explosive mixtures become 
spontaneously ignitible at a pressure pj (usually 
much less than 100 mm. mercury). Above 
some higher pressure, pg* f mixtures are again 
non-ignitible, and the reaction rate may become 
negligible. At some higher pressure, pj, a 
third pressure limit is found corresponding, no 
doubt, to the type of spontaneous ignition with 
which we are normally famihar at atmospheric 
pressure. Also in amphfication of (5) mention 
may be made of (a) Midgeley’s discovery that one 
part of lead tetraethyl in a thousand of an 
average motor spirit has the same effect in 
suppressing “ knock ” in an engine as blending 
the fuel with 30 or 40% of benzol; and ( 6 ) 
H. B. Dixon’s discoveries relating to the 
remarkable influence of moisture on the com¬ 
bustion of carbon monoxide, as well as to that of 
traces of NO 2 on slow combustions generally.* 

It is now well known that the recognition 
of the relationship between such results in 
combustion processes and the abnormal quantum 
yields frequently observed in certain photo- 
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chemical reactions has led, mainly in the hands 
of Semenoff and Hinshelwood, to the develop¬ 
ment of the chain theory of chemical reactions, 
whereby it is recognised that the progress of an 
exothermic chemical reaction depends upon 
specific encounters between certain reactive 
species; and in so far as the relative con¬ 
centrations of these in the early stages of a 
reaction are small, any influence either increasing 
or decreasing them will have an apparently 
disproportionate influence on the time necessary 
for its completion.^ 

In chain reactions the velocity depends upon 
a time factor, assuming initially no temperature 
change in the system. Thus where 

A=constant, ^=the net branching probability 
and ^=time. If ^ is greater than zero, the 
number of active centres will increase exponen¬ 
tially and the reaction velocity accordingly. 
Two causes may prevent the attainment of an 
infinite velocity; <f> may change with time until 
it becomes zero or negative, due to (a) mutual 
neutralisation of centres as their concentration 
increases,® or (b) change in composition of the 
mixture including intermediate products with 
the progress of the reaction, as is found in the 
case of the combustion of hydrocarbons. When 
the progress of such a reaction is studied by 
change of pressure with time in the system, it is 
usually characterised by S-shaped pressure¬ 
time curves. When ^ is very small but positive, 
long induction periods occur and in hydrocarbon 
oxidations this may be attributable to the 
formation of intermediate products not neces¬ 
sarily influencing the primary chain or not until 
critical concentrations of them have been 
reached ; this involves the conception of 
degenerate branching. Concurrently with the 
theoretical development of the chain theory of 
reaction in exothermic processes there has been 
much speculation as to the nature of the centres 
promoting reaction in any particular case. At 
first these were considered as likely to be hot 
products of interaction which did not pass on 
energy by indiscriminate collision to the system 
as a whole, thereby causing general temperature 
rise, but by specific encounters with suitable 
reactant molecules passed it on quantum by 
quantum. A chain of this type is referred to as 
an “ energy ” chain. The discovery of the 
photo-sensitisation of combustion,® however, 
fed to the view that the centres responsible for 
reaction were more likely to be reactive chemical 
species, and in this connection the participation 
of atoms and free radicals is nowadays more 
frequently invoked. For example, the forma¬ 
tion of water from hydrogen and oxygen is now 
regarded as involving reactions requiring atomic 
oxygen and hydrogen and radicals such as OH 
and HOjj. Hinshelwood and Williamson ’ have 
preferred a sequence of events as follows : 

H+Oo-HOj; HOa-f-Ha-HgO+OH; 

OH+Ha«HaO+H 

the centres being multiplied by processes such 
as: 

H+Oa-OH-l-O; O-fHa-OH+H. 

It will be appreciated how any influence either 
increasing or decreasing the absolute con¬ 


centration of any of the reactive species in¬ 
dicated, particularly at the commencement of 
reaction, may materially influence the time 
required for its completion. 

The Simpler Hydrocarbons .—In the light of 
the foregoing it will be of advantage to consider 
briefly the behaviour of the simpler hydro¬ 
carbons during slow combustion. 

The classical researches of the late Professor 
W. A. Bone and his collaborators * established 
that the oxidation of a hydrocarbon gives rise 
to a series of intermediate oxygenated com¬ 
pounds, which, according to his view, arose by 
successive stages of hydroxylation. Almost all 
the predictable intermediate produc^ts or their 
thermal decomponents could be isolated in 
quantities varying with mixture composition 
and condition of environment as follows : 

Methane gave methyl alcohol, formalde¬ 
hyde and formic acid. 

Ethane gave ethyl alcohol, acetaldehyde, 
acetic acid, methyl alcohol, formaldehyde and 
formic acid. 

Ethylene gave CgH^O-isomers (acetalde¬ 
hyde and ethylene oxide), acetic acid, 
formaldehyde and formic acid. 

Substances of peroxidic character were also 
found, together with a variety of other products 
due to secondary reactions. Kecent discussion 



ON Induction and Keaction Periods 
(Bone and Hill). 

has centred mainly upon the possible kinetic 
mechanisms which ultimately lead to the 
formation of these products; there is, for 
example, doubt as to whether an alcohol is 
necessarily the immediate oxidation product. 
It probably results as the outcome of suitable 
encounters between particular species. 

When a hydrocarbon-oxygen mixture is 
introduced into an enclosure at a temperature 
such that reaction will eventually take place, 
there is an “ induction ’* period during which 
very little oxygen is consumed. This is followed 
by a period of relatively rapid reaction during 
which the greater part of the hydrocarbon or 
oxygen, whichever is in defect, is used up ; and 
with increase in the experimental pressure or 
temperature, the reaction accelerates so that 
under suitable conditions spontaneous ignition 
may ultimately occur. It seems probable that 
at reduced pressures, corresponding to the low* 




EXPLOSIONS—GASEOUS. 


pressure ignition limit phenomena, spontaneous 
^nition is controlled essentially by factors in- 
nuencing the breaking or branching of reaction 
chains; at high pressures chain propagation 
may lead to temperature rise in the system, 
which in turn increases the concentration of 
active centres. 

In Fig. 1 the induction and reaction periods 


m 

found by Bone and Hill® with a 
mixture are illustrated by pressure-time 
curves relating to experiments at tempera¬ 
tures between 290 and 318^0. In the following 
table the influence of mixture-composition on 
these periods is also illustrated by data relating 
to various hydrocarbon-oxygen mixtures at 
atmospheric pressure. 


Hydrocarbon and Temp. 

Methane 477°. 

Ktlianc .3U>°. 

Propane 267°. 

Ethylene 300°. 

Hydrocarbon-Oxygen ratio 

2:1 1:1 1:2 

2:1 1:1 1.2 

2:1 

] : 1 

2;1 1:1 1:2 

(i) Induction period (min.) . 

3-5 10 18 

3 30 fiO 

110 

170 

1(> 47 700 

(ii) Keaction period (min.) . 

__ 

35 4(M) 

13 25 225 

14 

21 

11 33 32 


In such cases the mixture with the 2 :1 hydro¬ 
carbon-oxygen ratio is usually the most reactive 
although this ratio should not be regarded as 
rigid; with higher hydrocarbons it tends to 
1:1 and it also varies with pressure. The 
influence of pressure may be illustrated by the 
following figures relating to a 2 CH 4 I Oj 
mixture at 447'T!. 


Pressure (mm.). 

575 

706 

770 

Induction period (min.) 

12 

10 

4 

Reaction period (min.) 

270 

160 

36 


The induction period is usually regarded 
as one during which a “ surface ” reaction is 
proceeding, which gives rise to an adequate 
concentration of an intermediate product; 
once attained, this material is able to initiate 
chains in the system faster than they can be 
broken and “ reaction ” sets in. In this con¬ 
nection it is of particular importance to note 
that many of the known intermediate oxidation 
products when added to the media are found to 
promote reaction powerfully, and aldehydes as a 
class are found to be specially potent in this 
respect. Indeed, Bone and Hill found that 
the presence of 1 % of acetaldehyde caused 
the ignition of an ethane-oxygen mixture at 
316°C. and 710 mm. pressure under conditions 
when normally the reaction proceeded quite 
slowly. Later Bone and Gardner made a 
special study of the part played by formaldehyde 
in the slow combustion of an equimolecular 
methane-oxygen mixture and found not only 
that the aldehyde greatly accelerated the 
oxidation, but also that an equilibrium propor¬ 
tion ofit was present at the end of the induction 
period, which was independent of reaction 
temperature. This accorded well with the view 
of Norrish that in the oxidation of methane a 
primary chain is propagated by oxygen atoms 
which first arise by a surface oxidation of 
formaldehyde, thus: 

(1) HCH 0 -f 02 =HC 00 H-f -0 followed by 
the chain ; 

(2) CH4+0-:CH2-fH20, 

(3) :CH 2 + 0 a=HCH 0 -f- 0 . Branching may 
occur by the further production of O atoms in 
the gas phase, thus: 

(4) HCHO+Oj-HCOOH-fO. Norrish 


regarded the formatioji of methyl alcohol as 
arising at sufficiently high pressures by the 
triple collisions : C H 4 4 O4 X - C H3O H 4 - X 
X being a third body (de-energiser) rendering 
the product stable. 

A less simple chain has been advanced by 
Lewis and von Elbe whereby the formalde¬ 
hyde produced gives rise by a surface reaction 
to OH radicals which react with the methane 
in a primary chain, thus : 

(1) HCHO4-O2-HCOO4- OH, 

(2) •0H4-CH4=H204- CH3, 

(3) •CH34-02-HCH0-f 0H, 

(4) OHd-HCHO^H.O+ HCO, 

(5) •HC04-02=H024-C0, 

(6) HO24-HCHO-H2O4-CO4- OH. 
Although a final interpretation of the correct 
mechanism by which such a simple hydrocarbon 
as methane may be oxidised is not yet forth¬ 
coming, the foregoing suffices to illustrate the 
trend of thought now prevalent. 

The Determination of Ignition Temperatures. 
—^From what has been said it will be obvious 
that an ignition temperature can in no sense be 
regarded as a physical constant, as was at one 
time supposed, and any determination can only 
be regarded as pertaining to particmlar experi¬ 
mental circumstances of environment, pressure 
and mixture-composition. Further, the question 
of the relevant time-lag (which involves both 
the induction and reaction periods prior 
to ignition) is of the utmost importance, for any 
particular stated ignition temperature might be 
materially lowered were a longer time-lag 
possible than that allowable by a particular 
experimental method. 

Concentric Tube Method ,—A few of the 
methods more commonly used for the de¬ 
termination of ignition temperatures may now 
be referred to. Mention may first be made of 
the concentric tube method introduced by 
Dixon and Coward in 1909 in order to obviate 
the part played by “ surface,” which was 
considered to have vitiated some of the results 
of earlier workers. The apparatus, by means 
of which the combustible gas and air (oxygen) 
were separately heated to the temperature of 
the enclosure before being allowed to mix, was 
later improved so as not only to control the 
pre-flame time-lags but also to study the 
influence of wide variation in gas pressure 
between about 50 cm. mercury and 7 atmo* 
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spheres. As illustrating the influence of lag on 
the ignition-points, attention may bo directed 
to Fig. 2, in which the ignition-points of ethane 
in air for Jags between 0 0 and 10 Hoeonds have 
been plotted at pressures between 100 mm. and 



Pressurp. mm. 


Fki. 2.—Infjajence of Time-Lag on Ljnition- 
PoiNTS (Coward). 

atmospheric. At atmospheric pressure, if the 
experimental mixture were allowed to remain 
in the apparatus for 10 seconds, ignition could be 
effected at 000°C.; wlioreas for ignition to occur 
in 0‘6 second the temperature had to be raised to 
660°C. The following figures show, for various 
combustible gases or vapours at atmospheric 


pressure, (a) the minimum ignition tempera¬ 
tures (°C.) allowing indefinite lags, and (6) thf' 
corresponding ignition temperatures for ignition 
to occur in 0-5 second.^* 



In air. 

In Og. 


(a) 

(6) 

( 0 ) 

(i) 

Ho . 

585 

630 

585 

625 

c6 . 

661* 

(693D 

650» 

687^ 



(683*) 


6802 

C2N2 . 

856 


811 


CH, . 

650-70 

722 

556-700 

664 


520-630 

650 

520-630 

628 

^sHg • 



400-570 




600 


365 

C2H4 . 

543 

627 

510 

604 

^aH e • 


618 


586 

. 

420 

435 

428 


CfiH« 


710 


685 

EtaO . 


549 


219 

CS2 


156 


132 

HgS . 

364 


227 


NH3 . 



700-800 



(1) 0'63% HoO in atmosphere. 

(2) 6*3% H2O in atmosphere, 

<3) 2% HgO in gas and atmosphere. 

The following values found by Dixon and 
collaborators show the variation with both 
pressure and time-lag of the ignition tempera¬ 
tures of hydrogen and methane in air and oxygen 
respectively. 


Ignition Temperatures in °C. of Hydrogen at Different Pressures. 


Lag. 
0*5 see 
5 see. 
IT) sec. 


Atmospheres. 

_ A 

3 5 7 


mm. 

mm. 

mm. 

ram. 

75 

100 

200 

400 

502° 

5i.r 

55.3° 

594° 

.— 

— 

541 

572 


— 


563 


(a) In air. 

mm. mm. mm. 

600 760 1,000 2 

620° 630° 632° 628^ 

585 588 592 591 

570 572 573 672 


624° 

618° 

611 

591 

590 

689 

567 

565 

563 


(6) In oxygen. 


Lag. 

75 


100 

160 

200 

400 

760 

3 atmos. 

0-6 sec. 

500° 


512° 

533° 

550° 

591° 

625° 

618° 

5 sec. . 

— 


— 

— 

639 

566 

588 

565 

10 sec. . 

— 


— 

— 

536 

661 

675 

546 

Ignition 

Temperatures in °C. 

OF Methane at 

Different 

Pressures. 






(a) In air. 












Atmospheres. 


mm. 

mm. 

mm. 

mm. 

ram. 

mm. 

- ----- A - 

_^ 

Lag. 

100 

200 

400 

600 

700 

1,520 

3 5 

7 

0*6 sec. 

815 

788 

765 

763 

746 

722 

705 676 

653 

5 sec. . 


697 

683 

679 

677 

666 

_ 

_ 

10 sec. . 

— 

697 

664 

669 

657 

— 

— — 

— 




(6) In oxygen. 






mm. 


mm. 

mm. 


mm. 

mm. 

mm. 

Lag. 

76 


100 

200 


400 

600 

760 

0*6 sec. . 

727 


728 

732 


720 

696 

670 

6 sec. 

— 


642 

633 


625 

621 

619 

10 sec. 



033 

621 


611 

604 

602 
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In each case there was a certain pressure 
(about 1,000 mm. for hydrogen in air and below 
100 mm. for methane in air) at which the ignition 
temperatures are at a maximum, and this corre¬ 
sponds, as is now known, to the change in direc¬ 
tion with pressure of the ignition-point curve, 
at the meeting of the two pressure ignition 
limits, Pa pj (c/. p. 426, Fig. 7). It may also 
be mentioned that it was in such experiments 
that Dixon first observed the remarkable 
promoting influence of traces of NOa on the 
explosive media; thus with methane 0-7% of 
NOa depressed the ignition-point at atmo¬ 
spheric pressure from about 750°C. approxi¬ 
mately to GOO^^’O. This effect gradually 
diminished, however, to its final nullification 
in presence of about 2*0% of the impurity. 

The main drawback in the concentric tube 
method is that it affords no information as to 
the effect of varying the proportions of com¬ 
bustible and air, so that presumably the results 
obtained may relate to the most easily ignitiblo 
mixtures in the circumstances. 


Method Using a HecUed Vessel, —The method 
of passing an explosive mixture into an evacuated 
vessel heated to a known temperature has been 
frequently employed. It originated with Mallard 
and Le Chatelier and has been used sub¬ 
sequently by a number of workers.^® It has 
also been used extensively in the determination 
of low pressure ignition limits and also for the 
determination of ignition temperatures at high 
pressures.The method is a good one, although 
the results obtained depend upon the nature of 
the surface of the vessel ; moreover, although 
the variation of ignition temperatures wnth 
time-lag is normally quite easily measurable, 
this becomes difficult when (jonditions of very 
short lag are under observation owing to the 
small time interval required for the oiJcration 
of filling. 

The following figures, due to Mason and 
Wheeler, 22 for minimum ignition temperatures 
(indefinite lag) in a (juartz vessel at atmospheric; 
pressure are representative of those obtained 
by the method: 


% Methane in air 

30 

5-85 

7-0 

8*0 

9-0 

10-0 

12-0 

130 

Minimum I.T. (°C.) 

700 

695 

698 

701 

707 

713 

726 

732 

% Propane in air . 

1*25 

2-50 

305 

4-90 

6-50 

7-85 


— 

Minimum I.T. (°C.) 

588 

552 

544 

525 

516 

514 



% Butane in air 

1-25 

2-00 

2*60 

3-65 

4-85 

7-05 


— 

Minimum I.T. (°C.) 

509 

545 

531 

515 

502 

489 


— 

% Pentane in air . 

1-5 

215 

2-75 

3-75 

5*30 

7-65 

— 

— 

Minimum I.T. (°C.) 

548 

532 1 

520 

502 

486 

476 

— 

1 ” 


Sometimes flow instead of static systems have 
been employed, and much useful information 
has been obtained thereby, particularly in regard 
to the “ luminosity ” and “ cool flame ” tem¬ 
peratures observed with higher hj’^drocarbons 
and their derivatives, 23 a matter to which further 
reference will be made. 

Oil-Drop Method, —In this method a drop of a 
liquid fuel under test is allowed to fall into a 
cup heated to a known temperature and through 
which a stream of air or oxygen is passing. It is 
practically the only method which can be 
employed when high boiling-iJoint fuels are 
under test, for they can only be handled in 
the vapour phase with difficulty, anti at tem¬ 
peratures at which they would either oxidise 
and/or polymerise. It is therefore the only 
useful method available for working with Diesel 
fuels and has been employed by a number of 
workers.2^ The possible variations in working, 
e.g, drop size, nature of the surface, velocity of 
supporting atmosphere, etc., as well as unknown 
factors controlling time-lags, have led to some 
discrepancy in pubhshed results. It should 
also be noted that prior to ignition the latent 
heat of evaporation of the drop has to be 
absorbed from the system ; a further dis¬ 
advantage is that it is not possible to define the 
precise combustible-air or -oxygen mixture to 
which an ignition relates. The nature of the 
agreement observed may be seen from the follow¬ 
ing figures ; sometimes wide differences in 
published values are due to lack of discrimina¬ 
tion between cool and normal flames, a matter 
which will be dealt with later. 


Ignition Tempp^ratures in Air (°C.) by 
Oil-Drop Method. 



Holm. ; 

Moore. j 

Tause and 
Schulte. 

3Iasson and 
Hamilton. 

Thompson. 

Egerton and 
Gates. 

w-Pentane 

_ 


487 

579 

309 

515 (540) 

w-Hexanc 



— 

520 

248 

— 

n-Heptane . 

— 

— 

— 

— 

— 

430 

Benzene . 

520 

566 

740 

656 

580 

700 

Toluene . 

— 

516 

810 

633 

553 

780 

Ethyl alcohol 

510 

518 

558 

568 

426 

515 

Ethyl ether . 

400 

347 

343 

487 

193 

440 

Petrol 

— 

383 

— 

— 

353 

460 

Aniline . 

— 

770 

770 

— 

— 

750 

Carbon disulphide 

— 

_ 

i 

343 

125 

120 


Adiabatic Compression Method. —Tlie method 
of determining spontaneous ignition tempera¬ 
tures by compressing explosive mixtures adia- 
baticaUy was proposed by Nernst in 1903.23 

From the adiabatic equation constant, 

if Y be known, the temperature at any stage of 
compression can be calculated from the relation 

The method more nearly approaches conditions 
in engine practice than any other in that ignition 
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temperatures for very short lags may be deter¬ 
mined ; moreover, the results are unaffected 
by the catalytic ” influence of surfaces although 
cooling losses may be heavy. The main difficulty 
rests in deciding the approximate value of y 
in any particular case, and the results pertain 
not only to the compression temperature, but 
also to the compression pressure. The earUest 
experiments were carried out by Falk in 
Nemst’s laboratory and later by Dixon and 
Crofts.*^ Dixon and Higgins improved the 
method in detail and published in 1926 the 
following figures: 

Medium. Temp., ®C. 

2H2+0« .... 521 
2H2+30a ... 501 

2 H 2 + 8 O 2 . ... 458 

2H2^ I6O2 • • • 438 

CH 4 + 3 O 2 . . . 340 

CH4H-502 . . . 345 

CH4-fl602 . . . 377 

Much interest attaches to the remarkable lower¬ 
ing of the ignition-points of hydrogen with 
increase in dilution of the media with oxygen ; 


temperature), which they considered to be 
319°C. They obtained the following “ minimum 
average temperatures of compression to produce 
ignition ” : 

Mixture. Temp., ®C. 

Pentane-air.316 

Hexane-air.307 

Heptane-air.298 

Octane-air.297 

Cool Flames. —During the past ten years a 
number of investigations into the combustion of 
hydrocarbon fuels have been carried out, 
designed principally to throw light on internal 
combustion engine problems. These researches 
have shown that when the molecule contains 
more than three carbon atoms, and within 
certain temperature ranges, the phenomena 
known as cool flames may be observed. Such 
flames, which are of pale bluish appearance, are 
propagated through the explosive media, the 
combustion resulting therefrom being very 
incomplete and resulting in the formation of 
intermediate products strongly aldehydic in 
character. 

The first systematic work 
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Pressure in Atmospheres 

Fio. 3 . — INF1.UENCE OF Pressure on the Spontaneous Igni¬ 
tion Points of Corresponding Methane-, Ethane-, 


Propane-, Butane- and Hexane-Air Mixtures (Curves nised. 


was that of Pope, Dykstra 
and Edgar,®® who estab¬ 
lished that while the initial 
oxidation of higher paraffins 
commenced at 150-200°C., 
becoming active between 
250-270*^0., in which range 
the products were lumin¬ 
escent and then mildly 
explosive (cool flames) at 
270-300°C., at higher tem¬ 
peratures the combustion 
was less rapid until 600°C. 
had been reached. Parallel 
observations were also made 
by Pease with propane- 
oxygen mixtures, and a 
temperature range in which 
the reaction velocity 
actually decreased with 
temperature w'as recog- 


1, 2, 3, 4 AND 5) (Townbnd and COLLABORATORS). Prettre also made a 


special study of cool flame 

similar dilution with hydrogen or nitrogen had a formation with a number of combustibles; 
reverse effect. they were not observed with methane and 

In 1922-6 H. T. Tizard and D. R. Pye ethane ; rich mixtures of paraffins higher than 
published data regarding the ignition tempera- propane gave rise to them in the temperature 
tures of hydrocarbon-air mixtures under com- range 230-300®C., above which normal ignition 
pression, as the result of experiments which did not occur until about 600®C. had been 
aimed at determining the temperature of spon- reached. They were less easily detectable with 
taneous ignition of various vaporised fuels with the higher olefins and alcohols, but aldehydes 
air under conditions obtaining in practice, using and ethers readily gave rise to them. Another 
an apparatus consisting essentially of a water- interesting observation was due to Emel4us,** 
jacketed cylinder (internal diameter 4 in.) who showed that the spectrum of the cool 
with a piston (stroke 8 in.) actuated by a flames of several combustibles was similar, 
very heavy fly-wheel kept spinning by an and consisted of a large number of diffuse 
electric motor at about 350 r.p.m. They found bands extending through the visible region, 
that although a 1-20 (by weight) heptane-air These bands were subsequently shown to 
medium would eventually ignite (after 0*51 be identical with the fluorescence bands of 
second) on its average temperature being raised formaldehyde. 

by compression to about 280^C., the ignition The Influence of Pressure.—^Much light has 
originated at a locus which was at a somewhat been thrown on the subject in recent yean 
higher temperature (the true adiabatic ignition by the systematic determination by Townend 
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and collaborators of ignition>points over wide 
pressure ranges. With the higher paraffins, 
for example, although at low pressures ignition 
does not occur below 600°C., on the attainment 
of a critical pressure, which varies with the 
material concerned and with the composition of 
its mixture with air, it occurs abruptly in a 
temperature range below about 370°C., that 
in which only cool flames are normally 
observable. As the outcome of this new work, 
the subject has been brought closer into line 
with recent developments in our knowledge of 
the kinetics of chemical processes, for it is now 
appreciated that the absolute concentration of the 
reactants in any particular case is quite as 
important a factor as the experimental tempera¬ 
ture. Moreover, there are temperature ranges 


in which some explosive mixtures are far 
more susceptible to spontaneous ignition than 
in others, owing to the adequate formation 
and longer life of specific intermediate 
products. 

The Paraffin Hydrocarbons ,—The heated 
vessel method was employed in this work; the 
steel explosion bomb used had a cylindrical 
cavity 17 cm.x 3*75 cm., capacity=170 c.c.®* 
Alteration in the dimensions of the vessel or in 
the material of its surface, wliile influencing the 
precise location of the curves according to 
circumstances, was without effect on the 
general character of the phenomena about to be 
described (Figs. 3-6). 

The curve for the methane-air mixture fell 
rapidly from above 700°C. to about 600°C. as the 



Pressure in Atmospheres 

Fic. 4.— Influence of Pkbssube on the Spontaneous Ignition 
Points of Ethanb-Aib Mixtubes with and without Additions 
of Acetaldehyde. Curves 1, 2 and 3 relate to 6, 10 
AND 13% Ethane-Air Mixtures ; Curves 4 and 5 are as 3, 
but with 1 AND 2% Additions of CHg-CHO (Townend and 
Chamberlain). 


pressure was raised to 6 atmospheres; thereafter 
it feu progressively to about 460°C. with increase 
of pressure to 30 atmospheres (No. 1, Fig. 3). 

With the ethane-air mixture (No. 2) at 
pressures up to 16 atmospheres the curve was as 
found with methane, ignition now occurring at 
somewhat lower temperatures. At this pressure 
(and at about 430°C.), however, a sharp inflec¬ 
tion occurred, the ignition-points following an 
imposed lower system, settling down to tempera¬ 
tures about 340°C. at 26-30 atmospheres. 
Another interesting feature of this work relates 
to the pre-ignition time-lags, or, in other words, 
the delays which occur between the completion 
of the ^ng operation and the occurrence of 
ignition, comprising both the induction and 
initial reaction periods. Whereas with methane 
these lags had increased progressively from 
3 to 40 seconds, with fall in the ignition-points 
to about 460®C., with ethane the increase was 


from 20 seconds at 660°C. to a few minutes at 
436'"C., the point of inflection ; thereafter the 
lengthening was very marked and at 325-340°C. 
the lags had reached two hours or more. In 
spite of the length of such lags the results were 
remarkably reproducible. 

In the early stages of these investigations it 
was considered not unlikely that at the lower 
temperatures some comparatively unstable 
material might well be responsible for the super¬ 
posed lower system ; in particular, acetalde¬ 
hyde, which is known to promote strongly the 
combustion of ethane at 316°C. (c/. p. 4196), 
might well function in this way. This was soon 
borne out by a comparative study of the 
ignition-point curves of ethane-air mixtures 
with and without the addition of acetaldehyde 
(Fig. 4). The addition of 1% of acetaldehyde to 
a 13% ethane-air mixture not only markedly pro¬ 
moted combustion in the lower system, but 
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reduced the time-lags from more than two hours to 
a few seconds. Moreover, the effect was limited 
entirely to the lower system, for above 435°C. 
the aldehyde had no influence whatever ; if 
anything it tended to retard the ignitions. 

With all paraffins containing three or more 
carbon atoms (curves 3, 4 and 5, Fig. 3, relate to 
the propane-, butane- and hexane-air mixtures 
respectively) an abrupt fall in the ignition- 
points occurred at critical pressures, an import¬ 
ant observation being the occurrence of two 
pressure minima of ignition, one at about 280- 
330®C. and the other at about 340-370°C., 
both minima being lowered with increasing 
length of the hydrocarbon chain. Moreover, as 
the series was ascended not only did the 
minimum pressures for ignition decrease but the 
pre-ignition time-lags were also materially 


reduced ; for instance, lags of the order of 
3-6 seconds with propane were reduced to less 
than 0*5 second with heptane. In all cases also, 
additions to the explosive media of higher 
aldehydes facilitated ignition, this being marked 
in the temperature range below 450°C. 

The Cool Flame Manges ,—With members 
containing three or more carbon atoms in the 
molecule there were also pressure and tempera¬ 
ture limits within which cool flames were 
propagated, those for three propane-air mixtures 
being illustrated by the shaded areas associated 
with the curves 1, 2 and 3 (Fig. 6). Cool 
flames were propagated as slow-moving, pale- 
bluish flames of incomplete combustion, 
observable through windows provided in the 
explosion apparatus. These eool flames occurred 
after a definite time-lag of the order of 20-30 



Fig. 6.— Curves 1, 2 and 3 relate to 2*6, 6*0 and 7*6% 
Propane-Air Mixtures; Shaded Areas show Pressure and 
Temperature Limits for Cool Flames (Townbnd and 
Chamberlain). 


seconds at the lower temperature boundary; 
as at any selected pressure the temperature 
was raised these lags were appreciably shortened, 
and the cool flames became more intense up to 
about 360°C. Above this temperature the 
lags became very short and the intensity of the 
flames rapidly diminished until above the 
upper temperature limit they were no longer 
observable. At a stated temperature the cool 
flames also increased in intensity as the pressure 
was raised from the lower pressure limit ; and 
when a pressure adequate for true ignition was 
attained, a two-stage process occurred, the full 
ignition following at a definite short interval 
after the formation of a cool flame. 

The results of Prettre, Pope, Dykstra and 
others (p. 422) can now be seen in their true 
perspective and the restricted information from 
experiments carried out solely at atmospheric 
pressure at once appreciated. 


The spontaneous ignition of undiluted hydro¬ 
carbon-oxygen mixtures is, of course, accom¬ 
panied by similar occurrences, and although 
effected at lower total pressures it is frequently 
very violent, particularly if the minimum 
pressures are at all exceeded. A knowledge of 
their behaviour is none the less essential 
for a complete kinetic interpretation of the 
phenomena concerned, and a number of investi¬ 
gations to this end with these mixtures have 
been made, notably by Neumann and Prettre.^* 
Newitt and Thornes made a close examination 
of the ignition phenomena observed with an 
equimolecular propane-oxygen mixture in silica 
vessels and also of the intermediate products 
at ail stages of the combustion. They observed 
that in certain pressure and temperature ranges 
it is possible for as many as five cool flames to 
succeed one another at intervals. On the basis 
of their experiments it was concluded that a 
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necessary condition for cool flames was the 
attainment in the medium of a critical con¬ 
centration of higher aldehydes ; during the 
passage of the flame the aldehydes were further 
oxidised to give aldehyde peroxides and/or 
peracids and ultimately formaldehyde. Large 
amounts of propylene wore also found in the 
gaseous reaction products and the reactions 
by which this and the higher aldehydes were 
formed were thought to be related. Aivazov and 
Neumann adopted the view that cool flames are 
formed when the peroxides and aldehydes reached 
a certain critical concentration. Neumann 
and Tutakin have also reported observa¬ 
tions on the thermal decomposition of di¬ 
ethyl peroxide, indicating that the minimum 
critical pressure for its self-propagating 
luminescent decomposition agrees with the 


partial pressure of peroxides determined with a 
butane-oxygen mixture at the minimum coo! 
flame pressure. The complexity and interplay 
of the processes concerned, however, call for 
some hesitation in accepting at present any one 
particular view. 

Olefins .—Recently these investigations have 
been extended to cover observations with the 
simpler olefins : ethylene, propylene, a- 
butylene and a-amylene®® (Eig« fi)- Generally 
speaking, the olefins behave in a manner not un¬ 
like that of the corresponding paraffins. Thus 
ethylcno behaves hke methane and although 
propylene and butylene do not reveal marked 
pressure minima of ignition, the ignition-point 
curves exhibit a sharp fall over narrow critical 
pressure ranges in the temperature ranges 
where cool flames are observed. With five 



Fia. 6 .—Influence of Pbessubb on the Spontaneous Ignition 
Points of Theoretical Mixtures with Air of (1) Ethylene, 
(2) Propylene, (3) c-Butylene and (4) u-Amyi^ene. Shaded 
Areas denote Pressure and Temperature Limits for Cool 
Flames (Kane and Townend). 


carbon atoms in the molecule, however, i.e. 
with amylene, the ignition-point curve shows all 
the characteristics typical of higher paraffin-air 
mixtures. 

While the behaviour of the simple olefins 
under pressure is not unlike that of correspond¬ 
ing paraffins, the main difference lies in the fact 
that both the luminosity and intensity of the 
(!Ool flames are much less with the former; 
moreover, the pressures at which they give rise 
to ignition are not abnormally reduced, as is the 
case with the paraffins, until the saturated end of 
the chain contains at least three carbon atoms; 
lastly, the time-lags are not only greater with 
the olefins, but decrease less rapidly with 
increase of pressure. All these facts indicate 
that the processes operative in the low tem¬ 
perature system are less intense than with the 
paraffins. 

There would seem no reason to postulate any 
difference in the intermediate products or chain 


initiators responsible for promoting reaction in 
both series. As with the paraffins, it is likely 
that they result from the formation of higher 
aldehydes, and the less vigorous behaviour of 
the olefins may be attributable to a slower 
building up of active centres depending upon 
aldehyde concentration by virtue of difference 
in the chemical stages involved. This view 
would bo in keeping with what is known con¬ 
cerning the respective stages possible in building 
up higher aldehydes from, say, propane and 
propylene, cf. Bone,^® Norrish,^® Beatty and 
Edgar.®® 

Other Combustibles .—These ignition tempera¬ 
ture determinations have been extended to other 
combustibles including alcohols,** aldehydes,** 
ethers,*** *^ ketones *^ and benzene,*^ and the 
reader particularly interested in the subject 
is referred to the original papers. 

Complete Ignition-Point Ranges .—It will be 
convenient to review typical complete ignition- 
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point curves over the entire pressure range, for 
hitherto the complexity of the problem coi3d not 
have been foreseen. Unfortunately no one 
comprehensive investigation has been under¬ 
taken covering all the features of spontaneous 
ignition over a pressure range extending from a 
few mm. of mercury up to high pressures of some 
atmospheres, and a complete understanding of 
the subject is therefore difficult ; also in few 
instances have the media selected for investiga¬ 
tion at low pressures corresponded to those 
studied elsewhere at high pressures. In Fig. 7, 
however, a diagram has been prepared which may 
help to clarify the position. 

The left-hand side of the diagram (drawn to a 
larger scale than that on the right) indicates 
the behaviour observed at low pressures. 
Thus a hypothetical explosive mixture may ignite 
if admitted to an evacuated vessel maintained 
at, say, 6 r) 0 ‘^C., providing its pressure exceeds 
Pj mm. mercury. This pressure is the “ lower 
ignition limit.” If the experimental pressure be 
raised further, ignition will occur with decreas¬ 


ing time-lag, but above Pg (the upi)er ignition 
limit ”) ignition will n^t take place. At some 
still higher pressure, P 3 , located in the high 
pressure area, a third limit is found, above 
which ignition will again occur. 80 far, low 
pressure ignition limits have not been studied 
with hydrocarbons higher than methane and 
ethane, but the observation has been well 
established with carbon monoxide, hydrogen, 
carbon disulphide, phosphine, etc. Outside 
certain ranges of mixture-composition the limits 
cease to occur and the curve is then smooth 
(dotted line). There is evidence that with 
hydrocarbons the low limit phenomena are 
dependent upon the intermediate formation of 
carbon monoxide, ignition at pressures below 
Pj being brought about by exactly the same 
mechanism as when carbon monoxide itself 
ignites.*® 

Passing to the high-pressure region, the 
ignition-points depend on the character of the 
fuel concerned. Curve A is representative of 
paraffin hydrocarbons with three or more 
carbon atoms, the cool flame area being 


shaded ; naphthenes behave similarly, but 
they are less reactive. The olefins with less 
than four carbon atoms exhibit a smooth 
curve of the type depicted by curve B, and the 
ignition-points of benzene and methane are 
usually higher, as shown by curve C. 

Ignition by Electric Sparks .—It has been a 
matter of controversy whether electrical 
ignition is a purely thermal process or otherwise. 
This seems now to have been settled by the 
experiments of G. I. Finch and his collabora¬ 
tors,*® who have shown that in the case of 
condensed discharges, for example, the discharge 
frequency may be a far more potent factor in 
determining ignition than either the amount or 
rate of dissipation of energy. Thus, whereas in 
the case of the ignition of a theoretical carbon 
monoxide-air mixture the least ignition pressure 
of the medium was 731 cm. when a 0-071 m.f. 
condenser was discharged in a circuit whose 
natural frequency was 380 kc./s., the corre¬ 
sponding pressure when the frequency was 
reduced to 260 k.c./s. was only 60 cm. 

Moreover, the results ob¬ 
tained in the course of the 
study of the cathodic com¬ 
bustion of hydrogen and 
carbon monoxide showed that 
such combustion is determined 
by the suitable prior excita¬ 
tion of at least one or 
probably both reactants, and 
that self-propellant combus¬ 
tion may be set up in the 
explosive medium by the 
attainment therein of a 
sufficient concentration of 
suitably excited molecules. 

In regard to coil ignition it 
has long been thought that 
the capacity component of the 
discharge was responsible for 
ignition. This subject has 
also been further studied by 
Finch, who, with more refined 
methods than have hitherto 
been possible (cathode-ray oscillography), has 
now found that except in certain rare cases, such 
as would seldom occur in practice, the capacity 
component per se plays no role in ignition. It 
is entirely effected by the inductance component, 
i.e. that portion of the discharge which is due to 
the dissipation of electromagnetic energy gener¬ 
ated in the secondary circuit. 

Given standard conditions of spark ignition, 
however, it is possible to determine the variation 
with mixture-composition at atmospheric 
pressure of the minimum spark energies requisite 
for ignition. The work of Thornton and of 
Wheeler and his collaborators with “ break,” 
“ capacity ” and “ induction coil ” sparks is 
described elsewhere.** 

B. Flame Peopaoation. 

Limits of Inflammability. —In order to 
determine flame in mixtures of inflammable 
gas and air, {a) a source of ignition is necessary, 
whether it be a spark, flame, a heated surface 
or gases, etc., and ( 6 ) the composition of the 



Fig. 7,—Comprehensive Ignition-Point Diagram. 
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mixture must lie within certain limits of 
inflammability. 

It is well Imown that when a flame is intro¬ 
duced into a mixture of an inflammable gas and 
air containing but little inflammable gas, a 
“ cap ” or aureole is formed around the flame ; 
this cap is larger the greater the proportion of 
inflammable gas present. The coal miner 
regularly uses this cap formation as an indication 
of the presence of firedamp in the workings of 
the mine. It has been observed also that in a 
current of gas and air poor in combustible 
gas, passing a lamp flame or similar source of 
heat, the cap or aureole may become separated 
from the burning body by which it is initiated 
and bo carried along for a limited distance ; 
unless fed by some mixture richer in com¬ 
bustible gas than that in which it originated, 
however, it would gradually die away. In a 
uniform mixture of gas and air the flame 
could only be self-propagating throughout the 
extent of the mixture if the inflammable gas 
were present in quantity above what is termed 
the “ lower limit ” of inflammability. 

An inflammable mixture is usually defined as 
one in which flame can spread to any distance, 
independently of, and away from, the original 
source of ignition. There are under given 
physical conditions both a “ lower ” and an 
“ upper ” composition limit of inflammability 
within which self-propagation of flame will 
take place after ignition has once been effected. 
The limits differ slightly with the position of 
the source of ignition, since the progress of the 
flame may be assisted or retarded by convection- 
currents dependent upon whether it has to pass 
in an iipward or downward direction. For 
example, with mixtures of methane and air the 
limits, expressed as percentages by volume of the 
CH 4 in mixtures, are, for upward, downward 
and horizontal propagation of flame, as follows: 


For all but hydrogen and carbon monoxide the 
criterion of inflammability adopted for the 
determinations was propagation of flame 
throughout a 2 ^ litre sphere, ignition being at 
the centre. The figures for hydrogen and 
carbon monoxide refer to upward propagation 
of flame. 

In 1924 A. G. White*® published the limits 
of inflammability of a number of combustible 
gases and vapours with air at 17^±3^0. and 
atmospheric pressure for upward, horizontal 
and downward flame propagation respectively, 
in glass tubes of 2*5, 5*0 and 7-6 cm. respec¬ 
tively, internal diameter, from which the 
following percentages of inflammable gas 
for upward propagation in a 7*5 cm. diameter 
tube are given as representing almost optimum 
conditions for flame propagation : 


I Lower. 

Upper, 

Hydrogen .... 

415 

75-0 

Carbon monoxide . 

128 

72-0 

Hydrogen sulphide 

4-30 

45-6 

Methane .... 

6-35 

14-86 

Ethane . 

312 

14-05 

Pentane .... 

1-42 

8-0 

Ethylene .... 

302 

34-0 

Propylene .... 

2-18 

9-7 

Butylene .... 

1-70 

9-0 

Acetylene .... 

2-60 

80-6 

Ethyl ether 

1-71 

48-0 

Acetone. 

2-89 

12-95 

Benzene. 

1-41 

7-45 

Toluene. 

1-27 

6-75 

Methyl alcohol . 

7-06 

30-6 

Ethyl alcohol . 

1 3-56 

18-0 

Carbon disulphide . 

1-06 

50-0 


Upward. 

Lower limit. 
Downward. 

Horizontal. 

5-40 

6-00 

5-40 

Upward. 

Higher limit. 
Downward. 

Horizontal. 

14-80 

13-40 

14-30 


The limits of inflammability determined by 
Wheeler *® for a number of gases and vapours 
mixed with air at atmospheric temperature and 
pressure are given in the table that follows. 


Gas. 

Lower 

limit, 

% 

Upper 

limit. 


%. 

Hydrogen .... 

4-1 

71-5 

Carbon monoxide . 

12-6 

73-0 

Methane .... 

6-6 

14-8 

Ethane. 

3 1 

10-7 

Propane. 

2-2 

7-4 

Butane. 

1-7 

6-7 

Pentane. 

1-4 

4-6 

Ethylene .... 

3-0 

22-0 

Acetylene .... 

3-3 

! 62-3 


Reference should also bo made to the very 
extensive experiments of Jorissen and his 
collaborators on (a) the ranges of inflamma¬ 
bility of mixtures of combustible gases and 
vapours in air ; ( 6 ) the influence of foreign 

substances on inflammable ranges ; and 
(c) the inflammable ranges of dusts suspended in 
various atmospheres. The results become very 
complicated and have been expressed in three- 
and four-dimensional diagrams. The original 
papers should therefore be consulted. 

“ Ranges of inflammability ” widen with 
increasing temperature at atmospheric pressure; 
thus, for example, for downward flame propaga¬ 
tion White found: 


Temp., 

“ 0 . 

17 . 
100 . 
200 . 
400 . 


Hg-air. CO-air. CH^-alr. 

9’4-71-5 16-3-^700 6-3~12*9 

8»-73*5 14-8-71-5 6-95-13-7 

7-9-760 13-5-73-0 6-5-14-6 

6-3-81-6 11-4-77-6 4-8-16-6 


As regards the influence of pressure, in 1928 
W. A. Bone, B. M. Newitt and C. M. Smith 
published the following “ explosion limits ” for 
the foregoing media in steel bombs at room 
temperature {f.e. 17®±3®C.); 
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Mixtures. 

10 Atmos¬ 
pheres. 

50 Atmos¬ 
pheres. 

125 Atmos¬ 
pheres. 

Hydrogen-air 
Carbon mon¬ 

10-2-68-6 

100-73-3 

9-9-74-8 

oxide-air . 

17-8-62-8 

20-6-56-8 

20-7-51-6 

Methane-air. 

60-171 

5-4-290 

5-7-45-5 


Whereas the explosion range of hydrogen- 
air or methane-air media is widened (wdthoat 
much alteration in tlie lower limit) by increasing 
pressure, in the case of carbon monoxide and air 
media it is narrowed at both ends, the latter 
circumstance being partly due to the increasing 
dryness of a carbon monoxide and air medium 
and partly also to an increasing effect due to 
nitrogen dilution with pressure. For further 
information as to the relative influences of these 



Fig. 8.—Influence op Pkessure on the 
Normal and Cool Flame Kanges of 
Inflammability of Ether-Air Mix¬ 
tures IN A 4-5 CM. Tube at 20°C. (White). 

two factors the original memoir should be 
consulted. 

In 1919, White made an important dis¬ 
covery that in a 2*5 cm. horizontal glass 
tube there are two independent ranges of 
inflammability, one for normal flames (1-88- 
9*46%) and one for cool flames (19-0-34%), 
separated by a range of mixtures which are 
incapable of flame propagation. An important 
factor in his experiments was that while the 
normal flame range could be determined 
by spark ignition, the cool flames were only 
initiated at atmospheric pressure by means of a 
heated wire. Subsequently White explored 
these two ranges at reduced pressures in a 4*5 
cm. tube and discovered that there are two 
separate systems for each type of flame pro¬ 


pagation which Unk up at about 600 mm. 
pressure, see Fig. 8. 

Townend and Chamberlain,®® recognising a 
close analogy between White’s observations 
in regard to cool flame ranges at room 
temperature and the corresponding observations 
in the spontaneous ignition experiments under 
pressure (pp. 424-5), examined the cool flame 
propagation in cold media more closely, par¬ 
ticularly with the view of discovering whether at 
higher pressures the cool flames would give rise 
to normal ignitions, as might be expected, and 
thus widen abruptly the upper limit of inflamma¬ 
bility. Not only w^as this anticipation fulfilled, 
but in collaboration with H. S. Hsieh it was 
discovered that at an adequate pressure, which 
is very critical, ignition occurs entirely as a 
subsequent occurrence in the combustion 
products behind the cool-flame front. And 
further experiments loft no doubt that the setting 
up of ignition by such a two-stage process in this 
way was the same phenomenon whether the 
cool flames were ignited spontaneously in heated 
vessels (c/. p. 424) or artificially in cold vessels, 
the crucial difference being that in any par¬ 
ticular case a much higher pressure was requisite 
to effect ignition in the cold than in the heated 
media. Taking the work a step further it was 
found that inflammation ranges for cool flames 
separately from the normal flames could be 
I located with the higher paraffins in just the 
same manner as with ether, provided high 
enough working pressures were employed. Thus 
with propane-air mixtures at room temperature 
the cool flame range is located at 12 atmospheres 
pressure, with butane-air mixtures at about 
6 atmospheres, and with hexane-air mixtures at 
4 atmospheres. These experiments also throw 
hght on the work of Berl and his collaborators 
on the influence of pressures up to COO atmo¬ 
spheres on the inflammable ranges of a number of 
higher hydrocarbons. They reported a widen¬ 
ing of the higher limit with increase of pressure 
much greater even than that found by Bone, 
Newitt and Smith in the case of methane-air 
mixtures (pp. 427-8). 

Perhaps the greatest advance which the 
opening up of this field has made is that it is 
now possible with suitable fuels to study at 
moderate pressures in cold media confined in 
glass tubes the same phenomena which under 
ignition temperature conditions occur in vessels 
which have at best to be confined in electrically 
heated enclosures. Moreover, it is possible to 
examine the products and reactions involved in 
each particular type of flame without much 
interference by secondary (particularly surface) 
reactions. 

The general case for the influence of pressure 
on the inflammable ranges of media in which 
cool flames are known to be possible is best 
illustrated by the diagram in Fig. 9. The curve 
EAB may be taken as representing the normal 
flame range and CDH the cool flame range. 
A matter of great importance is that whereas 
the normal flame system centres upon approxi¬ 
mately the theoretical mixture for complete 
combustion (i.e. that with the greatest heat con¬ 
tent), the cool flame system centres upon mix¬ 
tures of composition having a combustible- 
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'»?fyg©n ratio between 1:1 and 2 : 1 , or those 
which would be expected to be the most reactive 
during slow combustion. Further observations 
made by Maccormac and Townend in special 
regard to mixtures of ethyl ether with air or 
oxygen but probably of general application 
.‘ire : 

( 1 ) The velocity of the cool flames in mixtures 
made with air does not vary within the experi¬ 
mental error, with pressure, temperature or 
mixture-composition. With undiluted oxygen 
media, however, the cool flame velocities 
definitely increase with pressure. 


( 2 ) If the pressure be raised to a critical valuCf 
as indicated by the curve XG, Fig. 9, a blue 
flame is formed some distance behind the cool 
flame in its combustion products. In closed 
vessels this blue flame travels at a velocity 
much greater than that of the cool flame. 

(3) The events subsequent upon the formation 
of the blue flame depend upon the amount of 
oxygen remaining in the mixture. With little 
oxygen, the flames will probably travel 
separately ; with more oxygen the blue 
flame will increase in velocity and travel closely 
behind the cool flame, causing its velocity to 



Fig. 9.—Diagram showing the Influence of Pressure on 
THE Inflammable Kanqes of Combustibles giving rise to 
Cool Flames, 


increase. With still further oxygen the blue 
flame becomes a normal flame ; and, once 
initiated, it travels through the cool flame, 
replaces it and travels on with high velocity. 
In suitable circumstances, as with certain ether- 
oxygen mixtures, detonation is set up, 

(4) The investigations so far completed have 
shown that the cool flame of ethyl ether produces 
high concentrations of acetaldehyde and per- 
oxidio substances (probably hydroxy-alkyl- 
peroxides), the proportionate amount of the 
latter being apparently independent of pressure. 
These materials are destroyed in the blue 
flame, which also effects the decomposition of 
much of the excess combustible. The tempera¬ 
ture of the blue flame is much higher than 
that of the cool flame ; none the less, this flame 


does not appear to be initiated thermally, for it 
arises in the partially chilled products of the 
cool flame. 

The cool flame of acetaldehyde, which is, no 
doubt, of great relevance to the combustion of 
higher hydrocarbons, appears to give rise, 
probably via an intermediate peroxidic product 
X, to the ultimate products CH 3 OH, HCHO, 
CO and some HoO. It seems likely that either 
X or its initial decomponents may act in pro¬ 
moting both the further oxidation of the 
aldehyde, and (when relevant) of the parent 
hydrocarbon ; but such processes are accom¬ 
panied by the decomposition of some of the 
aldehyde into CO and CH^. 

( 6 ) It thus appears that, whatever the 
mechanism giving rise to cool flames, a certain 
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concentration of peroxidic bodies is always 
found in the dame products, which agrees with 
the finding of Newitt and Thornes. With 
falling temperature behind the cool flame, 
accumulating peroxidic bodies attain a critical 
(concentration at which they break down 
explosively (possibly by a chain mechanism) 
and thus propagate a blue flame through the 
cool flame produces. Whether the ensuing 
flame is mainly such an exothermic decomposi¬ 
tion or an oxidation depends on the oxygen 
concentration ; there is also evidence that this 
decomposition can, under suitable conditions, 
be so violent as to set up a “ shock wave ” 
type of flame propagation which would be akin 
to “ knock ” in engines, a problem which will be 
referred to later. There is probably a strong 
parallel also between the pressure required for 
the initiation of the blue flame and the 
critical pressure at which peroxides decompose 
explosively as described by A. C. G. Egerton 
and E. J. Harris,®® but as far as the work 
has allowed of forming any opinion on the 
matter, it may be questioned whether a cool 
flame is simply an exothermic decomposition of 
peroxides {cf. Mondain-Monval and QuanquinS?); 
the most important problem which yet has to 
be solved is the true kinetic interpretation of 
cool flames. 

Speed of Propagation of Flame .—During the 
propagation of flame in any limit mixture, 
accor<iing to the classical Le Chateller thermal 
view, a balance is struck between (a) the heat 
generated by combustion and (ft) that employed 
in raising an adequate volume of the medium 
ahead of the flame to a degree of reactivity 
sufficient to effect its spontaneous ignition, after 
allowing for losses due to conduction and 
radiation. Theoretically, therefore, provided 
that the amount of energy imparted to the 
system by the initial source of ignition is 
sufficient to provide any appreciable impetus to 
the propagation of flame near the source of 
ignition, flame should travel in a limit mixture 
at a uniform speed. 

It is otherwise when the proportion of 
inflammable gas lies at some intermediate 
point between the limits. The phenomena of 
propagation of flame in such mixtures are 
dependent in a marked degree upon the 
conditions under which ignition is ofiTected, so 
that it is necessary when speaking of the pro¬ 
pagation of flame through them to specify 
exactly those conditions. 

When ignition of a mixture of combustible gas 
and air has been effected at the open end of a 
long tube which is closed at the other end, the 
flame can be propagated in two principal ways, 
namely, (a) by transmission of heat and active 
centres from a burning layer of gas to a layer 
adjacent ; and (ft) by the transmission of a 
sufficiently high pressure. 

According to the first mode of propagation, 
the flame travels along the tube at a uniform 
speed for a certain distance; it may then 
develop vibrations, swinging backward and 
forward with oscillations of increasing amplitude. 
The mean speed of the flame during this vibra¬ 
tory movement is usually greater than the speed 
of the uniform movement. According to the 


nature of the mixture, either the vibrations may 
continue to the end of the tube, or the flame 
may become extinguished. Again, a sudden 
permanently enhanced speed of flame may be 
developed as the result of the second mo(le of 
propagation coming into play. 

During this second mode of propagation each 
layer of gas is so compressed that the propaga¬ 
tion of flame is maintained at an exceedingly 
high velocity by the passage of a shock wave, 
the pressure in which is maintained by the 
adiabatic combustion of the explosive medium. 
This phenomenon is termed the “ detonation 
or “ explosion wave ” ; its speed is the 
maximum attainable by the flame and is a 
constant for each explosive mixture under the 
experimental conditions. 



Fig. 10. —Velocities of Uniform Flame 
Movement through Mixtures with Air 
OF THE Common Combustible Gases 
(CHA rMAN AND WhEELEE). 

When ignition takes place at the closed end of a 
tube open at the other end, the flame travels at a 
rapidly increasing speed towards the open end. 
If the tube is long enough, the flame may 
eventually assume a vibratory character and 
the detonation wave may be developed. 

Of the different phases in the propagation of 
flame in mixtures of gases, the two regarding 
which most information is available are the 
“ uniform movement ” and the “ detonation 
wave.” Some further account of these may now 
be given. 

The Uniform MovemerU .—The initial move¬ 
ment of flame that takes place when an in¬ 
flammable mixture at rest is ignited has been 
regarded as due essentially to the transference of 
the energy developed by the combustion of the 
mixture surrounding the igniting source whereby 
successive layers of the mixture ahead of the 
flame are raised in temperature until chemical 
action becomes rapid. According to this view. 
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the initial speed of propagation of flame in a 
given mixture should depend mainly upon 
(a) the maximum temperature attained in the 
flame, (b) the heat conductivity of the unbumt 
mixture and (c) the velocity with which a 
sufficiently heated layer begins to react 
chemically and so to rise rapidly in tempera¬ 
ture ; or, in other words, on the rate of change 
of reaction velocity with temperature. On the 
other hand, the recognition in recent years of 
chain processes in the initial isothermal stages of 
gaseous combustion has led to some discussion 
as to the likelihood of their occurrence in 
flames. Chemically reactive species or hot 
molecules may be considered as functioning 
as chain carriers either (a) during the direct 
transfer of energy from the inflamed to the 
reactant molecules or, if very rapid 
heat transfer be assumed, (6) during 
the subsequent initial combustion 
leading to the development of the 
ignition of the medium ahead of the 
flame. Other factors needing considera¬ 
tion are, therefore, the rate of diffusion 
of centres from the flame front, the 
formation of centres photocheinically 
by suitable emission from the flame, as 
well as the presence of inhibitors or 
promoters already present in the ex¬ 
plosive mixture. Generally speaking, 
in mixtures of high available thermal 
energy the rapid transfer of heat would 
seem to be the controlling factor. In 
mixtures giving rise only to slow flame 
propagation, however, there is more 
evidence of the importance of the part 
played by individual reactive centres ; 
the “ limit ” flames of carbon mon¬ 
oxide and air, for instance, are influ¬ 
enced by the presence of iron carbonyl.®® 

The part played by water vapour in 
increasing flame velocity through carbon 
monoxide-air or -oxygen media is also 
an example of the function of chain 
processes. The relative importance in 
flame propagation of the parts played 
by heat conductivity and diffusion of 
centres has been discussed in a number 
of recent papers.®®® 

Under certain conditions, with all 

inflammable mixtures of gases and air 
at atmospheric temperature and 

pressure, an initial slow propagation of 

flame can be maintained at a uniform speed 
over a considerable distance of travel. The 
conditions most favourable, to initiate and 

maintain this uniform movement of flame, 
are (a) that the inflammable mixture should be 
contained in a long straight tube open at one 
end and closed at the other ; and (b) that 
ignition should be at the open end by a source of 
heat not greatly exceeding in temperature the 
ignition temperature of the mixture, and not 
productive of mechanical disturbance of the 
mixture. The 8i)eed of the uniform movement 
then depends in Uke physical conditions on the 
composition of the mixture and on the diameter 
of the tu^ in which it is contained ; and its 
meastzrement is of considerable value in enabling 
a judgment to be formed of the behaviour of the 
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mixture under normal conditions of burning. 
In Fig. 10 are shown speed-percentage curves for 
the uniform movement of flame in mixtures of 
some of the common combustible gases with air 
over the whole range of inflammability for 
each gas.®® All the measurements were made in 
a tube of 2-5 cm. internal diameter, so that they 
are comparable one with another. Apart from 
the striking differences in the speeds obtainable 
in different gases displayed by this diagram, a 
noticeable feature of the curves ig the fact that 
with each gas the maximum speed is obtained 
not, as might be expected, with tbe theoretical 
mixture for complete combustion, but over a 
range of mixtures containing an excess of 
inflammable gas. 

The extent to which the speed of the uniform 


movement is affected by the size of the tube 
along which the flame travels has been deter¬ 
mined for mixtures of methane and air. The 
results recorded in Fig. 11 are the more recent 
results of Coward and Hartwell.®® For all 
practical purposes it can probably be assumed 
that the speed of the uniform movement of 
flame in mixtures with air of gases other than 
methane will be affected to a similar degree, 
so that the absolute speeds of the flames in 
pipes 30, 60 and 90 cm. in diameter will be 
respectively about 2*5, 3 and 3*5 times as great 
as the speeds recorded in the 2*5 cm. tube 
(Fig. 10). It should be noted, however, that the 
rate of increase in flame velocity in wider tubes 
obeys no simple relationship with tube diameter 
owing to the change in the shape of the flame 
envelope in any particular case after a limiting 



Fig. 11.—^Influence op Tube Diameter on the 
Velocities of Uniform Movement through 
Methane-Air JMixtures (Coward and 
Hartwell). 
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diameter has been exceeded. This is well 
brought out in Fig. 12,®® which relates to the 
flame speeds through methane-air mixtures 
containing between 6 and 10% of the com¬ 
bustible in tubes of diameters increasing to 
100 cm. With tubes of diameters upwards 
of 20 cm. an abrupt increase in velocity is 
observed corresponding to a change from a 
“smooth” to a “crenellated” flame front; 
this is well brought out by the intermittent flame 
photographs illustrated in Fig. 13.®® The 
velocity of uniform movement of flame is 
also affected by influences due to convection. In 
“ upward propagation ” convection assists, 
while in “ downward propagation ” it hinders, 
flame movement. In illustration of this, data are 


plotted in Fig. 14 showing the speeds found by 
Mason and Wheeler ®^ in the case of methane- 
air mixtures at atmospheric pressure and tem¬ 
perature in a 6 cm. diameter tube for upward, 
downward and horizontal propagation of flame. 

It should not be supposed that the uniform 
movement can be regarded as in the nature of a 
physical constant ; it has been described ®® 
as “an early phase of sensibly uniform speed 
usually observed in the propagation through a 
quiescent gaseous mixture, from the open end 
of a straight tube towards the closed end.” 
Occasionally conditions permit of uniform speeds 
being attained in the same media under quite 
different circumstances. For example. Bone 
and Fraser ®* found that on igniting a 200+0. 
medium at a point 0-6 cm. from the closed end 
of a horizontal glass tube 1*5 m. long by 13 mm. 


internal diameter, the other end being open, in 
which circumstances the products of combustion 
were precluded from escaping, the flame started 
off with an initial and nearly uniform velocity 
of 30 m. per second. Such an initial speed was 
some thirteen times greater than it would have 
been had the end of the tube adjacent to the 
source of ignition been open, so as to allow of the 
hot expanding products escaping therefrom, 
and the other end closed. 

Again, with “ strong ” mixtures (i.e. those 
well removed from one or other of the “ limits 
of inflammability ” of a given combustible gas 
and air (or oxygen)) it not infrequently happens 
either that the velocity of the initial slow uniform 
flame movement through a particular medium 
may vary with circumstances (e.g. 
intensity of ignition) or that (and 
especially with oxygen mixtures) it 
2 nay bo of such brief duration as to be 
practically non-existent. Thus even 
when gently ignited near the open end 
of a horizontal glass tube 2*5 cm. 
internal diameter, certain ethylene- 
oxygen and acetylene mixtures, with 
initial flame speeds exceeding 40 m. i>er 
second, showed no initial uniform move¬ 
ment at all, the flame being continuously 
accelerated ab initio right up to detona¬ 
tion. Moreover, hydrogen-oxygen media 
containing between roughly 55 and 
80% of the combustible show a marked 
tendency to develop quite different 
initial uniform flame speeds when ignited 
in successive experiments.®® 

It should be added that during the 
initial flame movement it may be taken 
that in many cases only a fraction of 
the explosive medium is burnt in the 
flame front itself, such fraction varying 
with circumstances. 

From what has been said it will be 
apparent that although measurements 
of uniform flame speeds as ordinarily 
understood furnish a good practical 
comparison of the relative speeds on 
ignition of the flames through respective 
explosive media, they convey nothing 
which may be regarded as of funda¬ 
mental significance. 

A more fundamental aspect of flame 
velocity has been brought out by the work 
of Coward and Hartwell,®® who have applied the 
reasoning of Guoy ®® in regard to the burning 
velocity of an explosive mixture in the cone of a 
Bunsen burner. In this case V=v sin a, where V— 
the rate of translation of the conical shell, normal 
to its surface and relative to the mixture, or, 
otherwise expressed, the ratio of the speed of the 
flowing mixture and the area of the conical shell; 
v—the speed of the flowing mixture striking the 
surface of the cone at an angle a. Coward and 
Hartwell have photographed at regular intervals 
the luminous flame envelope during its passage 
down an open tube under the conditions giving 
rise to the “ uniform movement ” (c/. Fig. 13). 
So long as the envelope retains constant (Bmen- 
sions the forward velocity is constant and the 
“ fundamental speed of flame ” becomes the ratio 
of the volume of gas burned per second and the 


260 , 



Fig. 12.— Influence op Tube Diametek on the 
Velocities op Uniform Movement through 
Mixtures containing 6 , 7, 8, 9 and 10% 
Methane in Air (Coward and Hartwell). 
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S/Foa of the flame envelope. This holds good closed tube was impeded by the impingement 
whether propagation is materially affected by upon it of compression waves ; but these were 
convection or whether the tube diameter is thought to be sound waves originating in the 
changed. Moreover, the well-known influence spark (c/. H. B. Dixon, Figs. 16 and 17, 
of turbulence in increasing the intensity of p. 435). The progress of such a sound wave in 
gaseous explosions is shown to be due to an Fig. 15 is indicated by the dotted hne. Of far 
increase of the flame surface induced thereby, greater moment is a shock wave, revealed by 
Speaking generally, it is now clear that except means of shadow photography to emerge from 
in the case of “ detonation ” the rate at which the flame front at A; it travels ahead of the 
flame consumes a gaseous 
mixture is directly proportional 
to the 

flame 

tern- 

perature and pressure condi- 
tions, and (5) the area of the 

flame front. Smooth Flame Front in a 5-cm. Tube. 


Flame Propagation in Closed 
Tubes .—Among the most 
potent disturbers of flame 
movements are compression- 
waves, whicjh may either 
accelerate or decelerate (or 
even temporarily arrest) them 
according as either they over¬ 
take a flame front moving in 
the same direction or impinge 
upon it in an opposite direction. 
“ Compression waves ” may 
originate either (a) from 
source external to the flame, 
or ( 6 ) aiitogeneously either in, 
or just behind, the flame front 
whenever anything occurs to 
enhance the chemical activity 
of the burning medium. .For 
without {b) it would be difficult 
to account for the continuous 
rapid acceleration of a flame 
front between the initial phase 



Crenellated Flame Front in a 24-cm. Tube. 


Fi(3. 13. —Intermittent Flame Puotogratiis dukinq 

“ Uniform Movement ” through a 10% Methane-Aib 
Mixture (Coward and Hartwell). 


of relatively slow movement and the final phase 
of detonation which occurs even whore special 
precautions have been taken to exclude the 
influence of extraneous compression waves. 
I’rom this point of view, the possibility of 
continuous auto-acceleration is inherent from 
the outset in all explosion flames, and is soon 
manifested in strong mixtures. 

The part played by such compression waves is 
best brought out in photographic records of 
flame movement in closed vessels. Until recently, 
direct photography was the method most 
frequently employed in such work ; recently, 
however, shadow or Schlieren photography has 
become an equally powerful weapon in such 
investigations, for not only can the progress of 
poorly actinic flames be followed, but the 
presence of compression waves, not otherwise 
detectable, brought to light. 

Fig. 16 shows side by side records obtained 
by direct and Schlieren methods of the explosion 
by spark ignition of an ethylene ( 16%)-02 mix¬ 
ture in a closed tube 30 cm. long by 2-5 cm. 
diameter. It should be pointed out that the 
records show graphically the movement of flame 
and are the resultants compounded of the flame 
movement in a horizontal direction, right to left, 
and the movement of a photographical film 
in a vertical plane, from bottom to top. It was 
early recognised that the progress of flame in a 
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Methane, per rent. 


Fia. 14.— Influence of Direction of 
Propagation on the Velocity of 
Uniform Movement (Mason and 
Wheeler). 


VoL. IV.—28 
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flame, is reflected from the end of the tube, B, and 
is refracted by the flame front at B', causing 
the fliame velocity to decrease. Thereafter it 
travels to the other end of the tube and is again 
reflected, C. The origin of the shock wave at A 
needs further investigation, but it seems not 
unlikely that it may be related to the completion 
of the initial combustion in the flame front, and is 
initiated by an auto-ignition of the uncombined 


gases behind the flame front (cf. a corresponding 
effect with cool flames, p. 429). 

C. The Development of “ Detonation ” in 
Gaseous Explosions. 

It was in the year 1881 that Berthelot and 
Vieille, and independently also Mallard and Le 
Chatelier, announced the discovery of the rapid 



Direct photograph. 


Shadow photograph. 



Analysis of records. 


Fig. 16.—Dibect and Schlibren Photographic Records of Fi^ame Movement 

THROUGH A MIXTURE IN A CLOSED TUBB (PaYMAN AND TiTMAN). 


acceleration of the initial velocity of inflamma¬ 
tion in the progress of gaseous explosions and 
the final attainment of the enormously higher 
constant velocity of the “ explosion wave.” 
Since that date the phenomena associated 
with the development of detonation and the 
propagation of the explosion wave have been 
extensively studied in this country, first by 
H. B. Dixon and more recently by W. Payman, 
R. P. Fraser and their collaborators. 

H. B. Dixon’s method originated with Mallard 
and Le Chatelier and consisted in photographing 
the explosion flame travelling along a horizontal 
tube on a film rotated vertically with constant 


high velocity (varying, however, between 
26 and 60 m. per second in different experi¬ 
ments), the explosion tube being placed at such 
a distance from the camera that the size of the 
image was about one-thirtieth that of the 
flame. It was thus possible to analyse the 
progress of an explosion from its origin to the 
final attainment of its maximum force and 
velocity in detonation. The investigation 
also included the discoveries of (a) the wave of 
“ retonation,” which is thrown back through 
the still burning gases from the point where 
detonation starts (a phenomenon also discovered 
by Le Chatelier independently in 1900), {b) the 
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effects of collision between two explosion waves, flame movement—^wbich in an op€,u tube may 
and (c) the passage of reflected waves through be oscillatory—during which the advancing 
the hot products of explosion. flame is being overtaken by sound or oom- 

The phenomena associated with such an pression waves which may be passing through it 
explosion in a CS 2 + 5 O 2 mixture, fired in a in the same direction ; (iii) the pre-detonation 
closed tube by a spark passed a few inches from stage, in which the advancing flame front over- 
tho closed end, are shown in the photograph takes such sound or compression waves ; and 
reproduced in Fig. 16, which is analysed in finally (iv) “ detonation.” 

Fig. 17. The four phases referred to are illustrated in 

According to Dixon’s analysis the progress the accompanying photograph (Fig. 18), in 
of flame travel was influenced as indicated by which the development of an explosion from the 
the passage of the compression waves OM and ignition-point up to detonation wa.8 recorded on a 
ON originating in the spark O. According to film moving vertically, time being indicated in 
more recent work the compression waves of millisec. on the vertical scale on the right-hand 
greatest importance are “ shock ” waves as of the photograph. Ignition was effected by the 
shown in Fig. 15, which originate 
in the flame front itself at a some¬ 
what later stage. Dixon clearly 
recognised, however, that detona¬ 
tion was set up at the point of 
impact between the flame and a 
compression wave at E. At this 
point a strongly luminous wave of 
compression EG (the rotonation 
wave) is sent backwards through 
the still burning gases, which, on 
reaching the near end of the tube, 
is reflected back again as GH. The 
detonation wave EF passes onward 
tlirough the mixture with its 
characteristic uniform high velocity 
and intense luminosity. The 
velocity of the retonation wave is 
always inferior to that of detona¬ 
tion; thus Le Chatelier gave 
2,990 m. per second for the detona¬ 
tion wave and 2,330 in. per second 
for the retonation wave in an 
cquimolecular mixture of acetylene 
and oxygen. When, however, the 
rotonation wave is developed just at 
the closed end of a tube {e.g. when 
the explosive mixture is fired at 
such a distance from the closed end 
that detonation is set up just as the 
flame arrives at the end) it may bo 
reinforced by a reflected wave, in 
which case its velocity cannot be 
distinguished from that of a true 
“ detonation.” The part played Figs. 10 and 17.— The Setting up of Detonation in 
by compression waves in the setting a CS 2 + SOo Mixture (Dixon). 

up of detonation is clearly brought 

out by more recent experiments of Bone and minimum requisite high tension spark at a point 
Fraser,®® who studied the influence of such 2*5 m. from the closed end of the tube, a 
waves furnished extraneously on flame propaga- detonator being simultaneously fii*ed right 
tion through a 2 CO+O 2 mixture. up against the closed end, the intervening space 

When an advancing flame is being accelerated between it and the ignition-point being filled 
under the influence of successive compression with nitrogen. A feebly luminous flame started 
(shock) waves moving in the same direction, from the spark with an initial uniform velocity 
there is a practical difference according as the of 38-6 m. per second, but after about 3*3 
flame is either being overtaken by, or is over- millisec. it was overtaken, and its velocity 
taking, the wave, for it is in the latter circum- abruptly accelerated to 308 m. per second, by 
stance that detonation may be set up, the shock wave emitted by the detonator, 
and therefore such condition has been termed which, after passing through the flame, emerged 
the pre-detonation stage of an explosion, and travelled ahead of it along the invisible 
Indeed, for convenience of description, the track indicated by the white dotted line. Mean¬ 
following four phases of an explosion may be while, the so accelerated flame, following hard 
distinguished, namely: (i) initial phase of after it with a further rapid self-acceleration, 

relatively slow and often practically uniform soon all but overtook it after a total run of 
flame speed ; (ii) second phase of accelerated about 1*2 m. ; whereupon an ignition occurred 
(usually continuous, but not necessarily so) at a point in the track of the compression wave 
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a little (4*25 cm.) ahead of the flame, whereby 
detonation was set up, a strong retona- 
tion wave being sent back through the 
incandescent medium at the point of coalescence 
of the two flames. 

During the pre-detonation stage of an explo¬ 
sion, auto-ignition may occur ahead of the 



Fig. 18.—PiioTOGRAPino Record showing the 
Part Played by Shook Waves in the 
Setting Up of Detonation in a 2C0-t-02 
Mixture (Bone, Fraser and Wheeler). 

{From the PhUotophical TransacHons of the Royal 
Society—hy kind jfermiesion.) 


advancing flame front when the latter is on the 
point of overtaking a compression wave in 
front of it; indeed, all such auto-ignitions 
are conditioned by the close proximity of a 
flame front, moving with an intrinsic velocity 
greater than that of sound in the medium, to a 
shook or compression wave moving ahead of it. 
They seem also to depend upon the effects of a 
steep pressure-gradient just ahead of the flame 


plus radiant energy from the flame front super¬ 
imposed upon the pressure in the shook wave 
itself. Although one such auto-ignition does not 
necessarily set up detonation, in some cases it 
may do so ; but frequently more than one is 
required. Indeed, detonation may be set 
up in a sufficiently explosive medium at the 
instant of its ignition provided that the source 
thereof is of sufficient intensity and the flame 
simultaneously struck by a sufficiently powerful 
shock wave. 

Fig. 19 is a beautiful record by Bone, Fraser 
and Wheeler of the setting up of detonation in 
a 2 CO+O 2 medium ; it reveals the remarkable 
analysing power obtainable by modem high¬ 
speed photographic methods. The flame enters 
the record (Fig. 19) at a speed of 1,275 m. per 
second ; when it approached within 6-37 cm. of 
a shock wave travelling ahead of it, spontaneous 
ignition occurred in the latter. From this 
point two flames travelled forward with differing 
velocities, the first at an initial speed of 2,380 m., 
per second, quickly rising to 3,260 m. per second 
and the other at a speed of 350 m. per second. 
The latter soon meets the oncoming original 
flame and afterwards gives rise to a wave 
travelling through the gaseous explosion pro¬ 
ducts with a velocity of 875 m. per second. 
Two other waves are also set up, one at the point 
of spontaneous ignition and the other a little 
ahead of it, both eventually travelling with a 
speed of about 1,320 m. per second. The 
detonation wave itself gradually settles down in 
speed to 1,980 m. per second at the edge of the 
record and eventually to its normal constant 
value of 1,760 m. per second. 

Spin in Detonation .—^In 1926 C. Campbell 
and D. W. Woodhead observed a curious 
banded appearance in the auto-photograph 
of a moist 2 CO+O 2 detonation flame and two 
years later C. Campbell and A. C. Finch 
published further experiments from which they 
concluded that the bands in question are due to a 
local and highly luminous “ head ” of detonation 
moving along a hohcal path, leaving behind it a 
long luminous slender “ tail ” which is also 
rotating close to the wall of the tube with a 
frequency almost identical with that of the head, 
but diminishing as the distance therefrom 
increases. Also, it was shown that, although 
the pitch (L) of the “ undulation ” causing the 
banded appearance varied with the diameter 
(D) of the tube, the ratio L/D was constant and 
nearly equal to 3*0, the frequency being of the 
order of 40,000 per second. Similar banded 
or striated appearances were observed in the 
photographs of detonation flames of certain 
mixtures of oxygen with methane, ethane, 
carbon disulphide and cyanogen respectively. 

The same phenomenon was independently 
observed and subsequently studied by Bone 
and Fraser with the aid of high speed cameras 
of such high analysing powers that flame 
movements occurring with a frequency of up to a 
million per second could be photographet^ro- 
vided tney were sufficiently actinic. These 
results, while confirming those of Campbell and 
collaborators in regard to the constancy of the 
L/D ratio provided there is only one rotating 
head of detonation, showed that there S 
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often more than one such head, in which 
case the said constancy no longer holds. The 
following points were established : (i) tkere 
may be two or more such rotating heads of 


detonation, according to circumstances; thus 
with a CH 44 *Oj medium one, two or four such 
heads have been observed, showing fre¬ 
quencies of 68,000,110,000 or 221,000 per second 



Fio. lO.—1'iiE Setting up of Detonation in a 2CO+O2 Mixture—Flame Travel 
Kigiit to Left (Bone, Fraser and Wheeler). 


respectively ; (ii) the spin ” does not depend 
primarily on such factors as either the density 
of the gaseous medium, or its chemical com¬ 
position, or its rate of detonation ; (iii) the spin 
is not due to the rotation of the gaseous medium 
as a whole, but rather to a head of detonation 
travelling spiral-wise as a wave front through 
the medium in the tube at the observed flame 
speed. It also seems probable (a) that the 
“ head ” of detonation causing the sinuous 
flame front is a locus of intensive ionisation of 
the medium ; for the “ spin ” (and with it the 
detonation itself) can be destroyed by sufficiently 
powerful electric fields suitably applied ; and 
(6) the striated or “ banded ” appearance in the 
flame photograph is merely an optical effect 
due to the criss-crossing of two distinct pheno¬ 
mena (such as a compression wave and a stream 
of highly luminous particles) simultaneously 
originating discontinuously with high frequency 
in the “ head.” An example of “ spin ” in a 
2 CO+O 2 detonation in a horizontal tube 2-5 
cm. internal diameter, taken upon a vertically 
moving film, is shown in Fig. 20 (time scale in 
millisec. on the left-hand) ; the velocity of the 
detonation flame is 1,795 m. per second, and the 
frequency of the spin 24,000 per second. 

Quite recently Jost has suggested that in 
a detonating gas mixture the velocity of the | 
principal shock wave is so great that the zone 
of active flame reaction cannot keep pace with it, 
and the flame falls behind ; the high pressure 
and temperature attained in the wave, however, 
prepare the mixture for spontaneous ignition, 
which actually occurs behind the wave after a 


M.S. 



Fig. 20.— Photographio Rboobd showing Spin 
IN Detonation (Bone, Fraser andWhebleb). 

(From tAs Philosophical TrantaUima of the Boyal 
Soeietrf-by kind permitHon.) 
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definite interval, tlnie providing the additional 
energy requisite for its maintenance. This 
process is repeated continuously and the 
retonation waves from the successive ignitions 
account for the striae behind the flame front 
recorded in most high speed photographic 
records of “ spinning detonations.” 

The Explosion Wave ,—Berthelot and Vieille, 
in describing their discovery of the develop¬ 
ment of detonation (” I’onde explosive ”) in 
gaseous explosions, described it as “ une certaine 
surface reguli^re, oh se developpe la transforma¬ 
tion, et qui realise un m^me etat de combinaison, 
de temperature, de pression, etc. Cette surface, 
une fois produite, se propage ensuite do couche 
en couche, dans la masse tout enti^re, par suite 
do la transmission dcs chocs successifs des 
molecules gazeuses, amenees a un otat vibratoire 
plus intense en raison do la chaleur d6gag6e 
dans leur combinaison, et transformerssur place, 
ou, plus exactement, avec un faible deplacement 
relatif ...” ‘ Such conditions are comparable 
with those of a sound wave passing through the 
gaseous mixture, with, however, the important 
difference that, whereas a sound wave is pro¬ 
pagated from layer to layer with an incon¬ 
siderable vis viva and with a small excess 
pressure and a velocity which is the same for 
every kind of vibration and determined solely 
by the physical condition of the vibrating 
medium, the (‘hango in chemical constitution 
which is propagated on the explosion wave 
communicates to the system in movement an 
enormous vis viva and a considerable increase 
of pressure* (Ann. Chim. 1883, [v], 28, 289). 

In their experimental work Berthelot and 
Vieillo proved that the velocity of the explosion 
wave is independent of the length of the column 
of gas traversed, and of the material or diameter 
of the tube employed, provided a certain small 
limiting diameter is exceeded. They also 
concluded that the velocity is independent 
of the initial pressure, but this is not strictly 
correct, as Dixon has since shown that the rate 
increases slightly with the initial pressure, at 
any rate until a pressure of about 2 atmospheres 
has been reached. 

Once determined in a particular explosive 
mixture, the explosion wave is propagated with 
constant velocity, which at given temperature 
and pressure is a physical constant for the 
mixture. The following rates of explosion, 
as determined by Dixon, may be considered as 
typical of the extremely high velocities attained : 

Bates of explosion for mixtures fired at 10° 
and 760 mm.: 

Mixture. m. per second 

2 H 2 +O 2 .2,820 

Hg-f CL.1,729 

2C50-f Oo (moist, sat’d at 28°) 1,703 

NHg-fSOa.2,390 

CH4-f-202.2,322 

Dixon adopted Berthelot’s sound wave 
theory in, principle, but modified it in certain 
particulars ; the velocities calculated from his 
formula, however, were often not in very good 
agreement with those found bjr experiment. 
The true theory of the explosion wave was 


I worked out independently by D. L. Chapman 
I and by E. Jouguet.’® Chapman, in 1899, 
deduced from Riemann’s equation a formula for 
rates of explosion on the assumption that an 
abrupt variation in density and pressure can be 
propagated through a gaseous medium without 
change of type. It was assumed (1) that the 
“ front ” of the wave {i.e. from the unexploded 
gas to the point of maximum pressure) does not 
alter in character, or, in other words, that 
every portion of the wave travels with the same 
velocity ; (2) that the velocity is the minimum 
consistent with (1) ; and (3) that at the point 
of maximum pressure the chemical change 
concerned in the propagation of the wave is 
complete. The unburnt gases immediately in 
front of the wave are, of course, fired by com¬ 
pression, and the abrupt variation in the density 
and pressure of the medium is flue to the 
chemical change. 

Chapman’s formula for the velocity of the 
explosion wave in cm. per second is : 


BJrr 

LL 


-f-taCj; ?CpL-f-(Cp-|“ c,.)/? 


when K-=thc gas constant (1*985), J~the 
dynamical equivalent of heat (42x10** ergs), 
p=^the gram equivalents of the mixture exploded, 
n and w--the number of gaseous molecules 
before and after the chemical change in the 
wave, Cp and c^—the mean specific heats of 
the products at constant pressure and volume 
respectively, /t=the'total heat generated in the 
wave, and L^the initial temperature (abs.) 
of the mixture exploded. 

Selecting some seventeen of Dixon’s found 
rates of explosion, Chapman calculated by means 
of his formula the corresponding molecular 
heats and temperatures, arriving by inter¬ 
polation at results for Cv at intermediate 
temperatures, which are now known to be of the 
same order as those calculated a few years later 
from measurements of explosion pressures {cf. 
Bier,’® p. 444d). With the aid of these values he 
applied his formula to the calculation of the 
rates of explosions of some forty other mixtures 
investigated by Dixon, finding in all cases close 
agreement between the found and calculated 
values, of which the following may suffice as 
examples: 


Rate of explosion, 
m. per second. 


Calculated I’ound 


Mixture exploded. 

Temp., 

C 2 H 4 + 2 O 2 . . 

C2H4+3O2 . . 

CoHo-fOo . . 

CH^+Oa . . 

2CH4-I-3O2 • 

2 CH 4 + 30 a+N 2 

4,365 

3,882 

5,029 

2,772 

3,764 

3,513 


One of the most puzzling features of Dixon’s 
observed detonation velocities had been the 
varying influence of diluents. Thus the follow* 
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rates were found in the 
diluted as foUows: 

case of electrolytic 

Mixture 

Rate (m. per 

exploded. 

second.) 

2Ha-^02 .... 

. . 2,817 

2H2+Oa+2H2 - . 

. . 3,268 

2H2+O2+4H2 . . 

. . 3,527 

2H2+02+6Ha . . 

. . 3,632 

2H2+O24-O2 
2H2-I-O2+3O2 . . 

. . 2,328 

. . 1,927 

2H2+O2+N2 . . 

. . 2,426 

2H2+O2+3N2 . . 

. . 2,055 


used more recent data and has considered allow 
ances for dissociation.’* One of the most 
interesting observations of Dixon was that in 
the combustion both of cyanogen and of hydro¬ 
carbons, the mixtures containing sufficient 
to burn the combustible merely to 
carbon monoxide were always the fastest 
burning ; indeed, any oxygen present in excess 
of this proportion functioned just as a diluent 
tending to retard the detonation velocities even 
more than an equivalent amount of nitrogen, as 
the following figures (m. per sec.) show : 


The accelerating influence of an excess of 
hydrogen, for example, was satisfactorily 
explained when Chapman published his formula. 

About this time, also, Vieillo carried out 
experimental determinations of the velocities of 
shock waves (“ Tonde de choc ”) sot up by 
either the bursting of a diaphragm under 
pressure or the firing of a charge of mercury 
fulminate. Such velocities, while much greater 
than that of a sound wave, gradually decline 
with the dissipation of the energy in the wave. 
Vieille formed the opinion that the propagation 
of detonation through an explosive medium is a 
parallel phenomenon ; the explosion wave 
being essentially a shock wave which has its 
abrupt change in pressure in the vicinity of the 
wave front maintained by the adiabatic com¬ 
bustion of the explosive medium through which 
it is propagated. Such a view would not differ 
greatly from that generally held to-day. 

In 1905-6 E. Jouguet,’^ apparently unaware 
of Chapman’s earlier work, applied to the 
problem Hugoniot’s theory on the propagation 
of shock waves in inert fluids and deduced the 
following formula: 



^2^2+ O 2 
2,728 


CH 4 +O 2 

2,628 

C 2 H 4 +O 2 

2,607 

^2^2'+‘^2 

2,961 


C 2 N 2 + 2 O 2 

2,321 

U2N24-O2+ Ng 
2,398 

2,470 

C 2 H 4 + 2 O 2 

2,581 

C 2 H 2 +UO 2 

2,716 


CgNa+SOg 

2,110 

C2N2+02+2Na 

2,166 

CH^i 2 O 2 

2,322 

CgH.+SOa 

2,368 

C2H2+2i02 

2,391 


It was concluded, therefore, that the com¬ 
bustions proceeded in two stages ; with cyano¬ 
gen, for example, the reaction occurring in 
the wave was (i) C 2 N 2 + 2 O 2 — 2 CO+O 2 +Ng 
followed behind the wave by 

(ii) 2 CO+O 2 +N 2 - 2 CO 2 +N 2 . 

While this is probably true, for reaction (i) was 
successfully adopted by Chapman in the calcula¬ 
tion of detonation speeds by means of his 
formula, it may be questioned whether anything 
fundamental concerning the combustions is 
involved ; it is probable that owing to the 
reversible decomposition of carbon dioxide, 


where p, the ratio of the densities of the medium 
after and before the wave front ; R=the gas 
constant ; T the maximum temperature in 
the wave ; n -the number of gram-molecules 
in the explosion products; c„=^tho nu'an 
specific heat at constant volume of the explosion 
products ; M -~the molecular mass of the gaseous 
medium. As illustrating the agreement between 
the values so calculated and those determined by 
Dixon, the following may be quoted. 


Mlxiuro (‘xpioded. | 

Max. 

temp,, 

X. 

Jlate of € 
m. per 

Calculated 

ixi»Iosion, 

second. 

Found 

2H,+ Oj . . . 

3,956 

2,629 

2,821 

2H,+ 0,+ 6H, . 

2,596 

3,626 

3,530 

2Ha-i-02+6N2 . 

2,696 

1,798 

1,822 

SHaH-Oj+SOa 

2,696 

1,692 

1,707 

C2H2+O2 . . 

6,670 

3,091 

2,961 

H 2 +CI 2 . . . 

3,880 

1,851 

1,729 


In these calculations the older values for 
molecular heat capacities of Mallard and Le 
Chatelier ’* were employed; Jouguet has since 


2 OO 2 “^2C0~f"02i 

predominating at the temperatures attained, 
the (complete combustion of gaseous carbon is 
unattainable in the wave. 

The Composition Ranges for Detonation ,— 
The inflammable ranges of combustible-air or 
-oxygen media have already been considered 
(pp. 426-30). The explosion wave can bo set up 
only within certain narrower composition ranges. 
These have been determined with certain 
combustibles by Wendlandt,” Bone and 
Fraser,** and moro recently by Laffitte and 
Breton.’* The detonation limits determined 
by the last-named were as follows : 


Mixtures. 

Lower 

limit. 

Upper 

limit. 

H 2-Air. 

18-3 

68‘9 


15 

90 

cS-Oj .... 

38 

— 

(CO+H2)-Air. . . 

19 

68-7 

(CO-fHj-Og). . . 

17*2 

91 

CaHg-Oj .... 

3*2 

37 

CaHa-Air .... 

4*0 

61 

CjHa-Oj .... 

3*6 

92-93 
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Curves showing the variation of detonation 
velocity with mixture-composition for various 
combustible-oxygen media are plotted in 
Pig. 21.’8 

Finally, as is well known, the shattering effect 
of detonation is attributable to the intense local 


pressure maintained in the wave front. Camp¬ 
bell, Littler and Whitworth measured such 
local pressures by allowing the explosion waves 
to impinge upon copper sheets of diminishing 
thickness until a limiting value was reached 
when the sheet was pierced. The values cal- 



Fio. 21 .—Detonation Velocities and Composition Limits (Laffittk 
AND Breton). 


culated from these observations were as 
follows: 


Mixtures. 

2Hs+Oa , 
CH4+O0. 
CH4+462 
C 2 H 4 + 2 O 2 
CaH.+ SOa 
^2^2-4* Og 
C2H„+2*602 
c‘hL7-50, 


Pressures in the 
explosion wave 
(atmospheres). 
. . 20-4 

. . 34-0 

. . 26-0 

. . 41-5 

. . 34-0 

. . 4L5 

. . 34 0 

. . 20-0 


D. The Pressures Developed in Gaseous 
Explosions. 

A number of investigations were carried out 
during the last century, from the time of 
Bunsen’s well-known experiments in 1867, into 
the phenomena associated with the development 
of pressure in gaseous explosions in closed 
vessels. The most important were those of 
Mallard and Le Chatelier and of Berthelot 
and Vieille, who not only devised means of 
measuring pressure development and its rate of 
attainment in any particular case, but also made 
clear the relative importance of such factors as 
(a) the increase in molecular heat capacity of 


gases witli temperature, (b) dissociation and 
(c) heat losses. Mention should also bo made of 
the experiments of Dugald Clerk in connection 
with the development of the gas engine in this 
country, particularly in regard to the importance 
of turbulence in determining the rate of pressure 
development. For detailed information of 
these early researches the reader is referred 
elsewhere.** 

The rate of pressure development and the 
magnitude of the maximum pressure in a gaseous 
explosion would, under ideal conditions, always be 
characteristic of a given mixture, and dependent 
only on its mode of combustion and the initial 
pressure and temperature at which it is fired. 
Unfortunately it is never possible completely to 
realise such ideal conditions because the develop¬ 
ment of an explosion is influenced by the 
size and shape of the explosion vessel employed, 
factors which in turn affect conduction and 
radiation losses. When a gaseous explosive 
medium is ignited, there usually occurs (i) a 
short induction period, then (ii) a pressure 
rise up to a certain maximum (explosion 
period), and finally (iii) a cooling period. 
Whether or not in any particular case the 
attainment of maximum pressure synchronises 
precisely with the moment when the flame 
reaches the walls and completely fills the 
chamber depends so much on circumstances 
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that no general rule can be laid down ; but it 
seems reasonable to suppose that the faster 
the explosion the more nearly will these con¬ 
ditions be attained, assuming that the chamber 
be not too large. Much depends on the shape of 
the explosion chamber. 

Any cooling by conduction during the explo¬ 
sion period results in a lowering of the 
maximum pressure attained and a tendency 
for temperature gradients in the medium 
at the moment of maximum pressure and 
subsequently during the cooling jjeriod. The 
(tooling influence of the walls in any par¬ 
ticular case probably varies directly with the 
surface/volume ratio of the bomb and inversely 
with the initial firing ])ressurc ; it is also 
materially influenced by the degree of 
agitation of the medium. The principal 
factor, however, is the duration of the explosion 
period. 

The gaseous medium is also, during the whole 
of the explosion jjeriod and well into the 
subsequent cooling period, losing energy by 
direct radiation to the walls of the vessel, 
unless the surface be polished so as to be highly 
reflecting. Indeed, a certain fraction of the 
total energy developed on explosion, depending 
on the explosion period, the maximum tem¬ 
perature and the nature of the combustible,**® 
is always lost to the system by radiation and 
never appears at all as kinetic (temperature or 
pressure) energy in the medium. It is estimated 
that of the total radiation emitted in flames and 
explosions, upwards of 95% is in the infra-red, 
and this omission has been shown by Julius**^ to 
be attributable to incipicntly formed (or forming) 
carbon dioxide and steam molecules. Such 
emission occurs in well-defined hands, in the 
c^ase of carbon dioxide mostly at 4'4/t, and to a 
less degree at 2-7p, and with steam mostly at 
2’Sfi. Moreover, according to Helmholtz, the 
relative emission in the infra-red per litre of 
combustible burnt is somewhat as follows; 
hydrogen 74, carbon monoxide 177, methane 327, 
ethylene 570. 

Helmholtz took the view that the radiation 
from such flames is due to chemical rather than 
to thermal cause. Paschen and others have 
maintained that it is purely thermal. It seems 
now generally recognised, however, that, as the 
outcome of the initial encounters between the 
molecules concerned, the radiation emitted is 
probably of chemical origin (chemilumines¬ 
cence). After a state of molecular equilibrium 
has been attained, however, it is probably 
controlled by temperature alone. In luminous 
flames, in addition to chemical radiation, there 
is also that emitted by incandescent carbon. 
This black body radiation obeys the Stefan- 
Boltzmann law and is therefore proportional 
to T*. 

Little experimental work has been under¬ 
taken in connection with conduction and 
radiation losses from explosions of simple 
combustible-air (oxygen) media, but their 
general quantitative influences may perhaps 
be judged from the following figures due 
to David®® for a 12*4% coal gas-air mixture 
exploded in a cylindrical explosion vessel 
12x 12 in.; 


Relattvb Heat Losses by Conducjtiok and 
Radiation in the Explosion op a 12*4% 
Coal Gas-Air Mixture at Atmospheric 
Pressure (David). 


1 

Time ' 
after 
ignition, 
sec. 

Mean gas 
tempera¬ 
ture, abs. 

Heat loss expressed as a per¬ 
centage of heat of combus¬ 
tion of coal gas. 

Con¬ 

duction. 

Radia¬ 
tion , 

'I’otal. 

0*08 

2,050 

5*5 

4*5 

10*0 


(max. 





temp.) 




01 

2,030 

1 OS 

I 5-H 

12*0 

0*2 

1,800 

1 17-.4- 

‘ 1.3*0 

,30*4 

0*3 

1,010 

! 25*0 

17*2 

42*2 

0*5 

1,330 

34*0 

1 21*4 

55*4 


Below about 900®C. the emission of radiation 
becomes negligible, and cooling is then efiected 
solely by conduction. The total radiation loss 
throughout a coal gas-air explosion was found 
by David to be about 25%, varying slightly with 
mixture-composition. The loss up to the 
moment of maximum pressure was proportional 
to the product of the third power of the maximum 
absolute temperature attained in the explosion 
and the time taken to attain the maximum 
pressure. With hydrogen-air mixtures the total 
radiation loss varied between 8 and 16%. 

Callendar found an emission equivalent to 
10-15% of the heat of combustion for coal gas- 
air flames as the diameter of the burner was 
increased from 1 to 4 in., also that the emission 
from a mass of radiating gas 100 cm. in depth 
at atmospheric prossure was within ^% of that 
from an infinite depth. If the pressure were 
increased to 20 atmospheres, the like emission 
would be obtained from a depth of 5 cm. only. 
The radiation loss cxpressc'd as a percentage of 
the boat of combustion of the explosive mixture 
would therefore bo expected to become less 
important in very large explosion vessels or in 
explosions at high pressures ; this is borne out in 
practice. 

In comparing both maximum explosion 
pressures and the times of attainment thereof 
duo consideration must therefore be given to the 
dimensions of the explosion vessel employed in 
each particular case and also to the relative 
position therein of the igniting source. Only 
when a study of the cooling losses has been made 
and the experimental values corrected accord¬ 
ingly can the values for any particular explosive 
mixture determined in one investigation bo 
compared with those in another. 

Methane-Air Mixtures .—As illustrating the 
results obtained in this kind of work some data 
due to Fonning may now be considered. The 
explosion vessel employed was cylindrical in 
shape, being 7 in. in diameter and 8 in. long. 
It could be heated by means of a nichrome 
wire winding mounted on mica so that initial 
temperatures up to 400°C. could be employed. 
The indicator consisted essentially of a solid 
rimmed plan© diaphragm 0*07 in. in thickness 
and IJ in. in diameter, the deflections of which 
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were transmitted to a mirror lever of the 
Petavel type. Pressure-time records were made 
in the usual way on rapid bromide paper, the 
moment of sparking being also recorded. 
Typical examples are shown in Fig. 22, illustra- 



010 


016 


Time from Spark (sec.) 


behaviour of mixtures of fuel va^urs with air 
with a view of throwing possible light on 
“ knock ” in petrol-air engines (see pp. 449-62). 

First of all a series of experiments was carried 
out at an initial temperature of 100°C. and a 
pressure of 96 lb. per.sq. in. so as to study the 
effect of varying mixture strength in each case. 
It was found that with all three fuels rich 
mixtures gave rise to knock, the intensity of 
which varied as the air to fuel ratio, and the 
knock appeared to bo preceded by high frequency 
vibrations. The experimental figures are as 
follows: 


Fig. 22.—Pressure-Time Records of Explo¬ 
sions OF Methane-Air Mixtures (Fen- 

NINO). 


Explosions of Benzene-, Hexane- and 
Petrol-Air Mixtures at Ti=100'’(^. and 
P i -95 LB. PER SQ. IN. 


ting the effect of varying the mixture strength 
of methane-air mixtures between 7-3 and 12*1% 
of the combustible fired at lOO'^O., and at an 
initial pressure of 96 lb. per sq. in. 

The numerical data as to explosion time 
and pressure rise are best illustrated by the 
two curves in Fig. 23. Mixtures containing 


P( iz95tbs/sq.in. T^-WO^C 



Fig. 23. —Explosion Time and Pressure Risk 
Data Relating to Methane-Air Mixture 
(Fen NINO), 


from 9*7 to 10*5% of methane gave about the 
same pressure rise on explosion, whereas the 
explosion time was a minimum in the region 
of the 9-7% mixture. The fastest burning 
mixture and that developing the highest 
pressure thus contain a slight excess over the 
theoretical proportion of the combustible (c/. 
flame speed determinations, p. 431), Other 
experiments with a 9-9% methane-air mixture 
showed that raising the initial temperature 
at a given density of the medium was found to 
diminish the time required for the attainment 
of maximum pressure, a result which might be 
anticipated, if the rate of flame propagation 
depends largely upon conduction of heat from 
layer to layer of the medium. As regards 
initial pressure, while Fenning’s figures for this 
particular mixture showed the explosion 
times to increase with rise in initial pressure, 
no conclusions should be drawn from this 
as to the general influence of pressure, as with 
other mixtures the reverse effect is found. 
This matter will be dealt with again (pp. 448-9). 

Bznze/m-y Hexane- and PetroU-Air Mixtures .— 
Penning ** extended the experiments with 
methane-air mixtures in order to determine the 


Mixture ratio 
air/fuel by 
weight. 

I*inax. 

Explosion time, 
millisec. 

I’jnit. 

K)-84 

Benzene 

8-28 

105-1 

14-7H 

9-00 

73-5 

13-24 

9-60 

59-7 

131b 

9-50 

69-8 

12-06 

9-74 

55-1 

10-7 

9-78 

49-0 

9-15 

Loud knock. 


16 91 

Hexane 

8-80 

91-2 

14-80 

9-48 

69-5 

13-97 

9-66 

64-0 

13-20 

9-60 

58-6 

10-72 

jA>ud knock. 


19-2 

f Petrol 

7-74 

175-2 

16-9 

8-68 

109-6 

14-8 

9-33 

78-4 

13-0 

9-71 

67-1 

10-7 

Loud knock. 



It is interesting to note that the Pinax./Ftoit. 
values are much the same with all fuels. 

The pressure-time records shown in Fig. 24 
illustrate the elfects found with petrol mixtures 
w'hen the air/fuel weight ratio was varied between 
14*8 and 8-9. The violence associated with the 
pressure rise when knock occurred is well brought 
out in the two lowest records. 

It was also found that, whereas on raising the 
initial temperature to 300°C- the knock 
occurring with rich mixtures was suppressed 
in the case of benzene, it persisted in hexane- 
and petrol-air mixtures. 

With theoretical mixtures of all three fuels 
the explosion time diminished as the initial 
temperature was raised, but increased with the 
initial pressure, the rate of increase with 
pressure decreasing at higher initial tempera¬ 
tures. Raising the initial temperature of the 
theoretical air-petrol and air-hexane mixtures 
led to knock of increasing intensity, the 
defect first appearing at the higher initial 
pressures and extending to lower ones as the 
initial temperature was raised. 
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The Paraffins, —0. B. Maxwell and R. V. 
Wheeler have published an account of 
explosion experiments on mixtures with air of 



50 100 160 200 250 

Time (miHi secs.) 

Fig. 24.— Influence of Aie~Petrol Ratio on 
Pressure-Time Records (Penning). 

the paraffins methane, ethane, propane, 
butane and pentane, carried out in a 4-litre 
spherical bomb, ignition being effected at its 
centre. 

Their curves, illustrated in Fig. 25, show the 
“ pressure rises ” (above atmospheric) and the 
explosion times for each of the five paraffins 
referred to. With each hydrocarbon, the mix¬ 
ture giving the maximum pressure contained an 
excess of combustible over the theoretical 
proportion for complete combustion as follows : 



Theoretical 
mixture for 
complete 
combustion. 

Mixture 

giving 

maximum 

pressure. 

Methane .... 

9-47 

10-00 

Ethane . 

6-64 

6-30 

Propane. 

402 

4-60 

Butane. 

3-12 

3-65 

Pentane .... 

2-66 

2-96 


The theoretical maximum pressures and tem¬ 
peratures, i.e. if there has been no heat loss, 
were also calculated in accordance with the 
method of Tizard and Pye,®® which (o) makes 
an allowance for the dissociation of steam and 
carbon dioxide at the maximum temperature 
attained using Bjerrum’s values for the dissocia* 
tion constants and thus introduces a correction 
for the precise number of molecules at Pmaz-* 
and (6) uses Pier and Bjerrum’s values of the 
mean heat capacities of the explosive products 
from 16®C. to Tmax.’* 

These calculated values also predicted a 


maximum pressure attainment with mixtures 
containing an excess of combustible over 
the theoretical proportion, and the authors con¬ 
firmed the view of Tizard and Pye that the effect 
is due to a suppression of dissociation by the 
presence of an excess of the combustible. 
Another factor should not be lost sight of, 
however, namely, that with explosive mixtures 
of a combustible with air, owing to the large 
dilution with nitrogen, the most reactive 



Fjg. 25.— Pressure Rise and Explosion Time 
Curves Relating to Mixtures with Air 
OF (A) Methane, (B) Ethane, (C) Propane, 
(D) Butane and (E) Pentane (Maxwell 
AND Wheeler). 

mixture from the point of view of active 
mass contains an excess of combustible ; 
if such a mixture burns faster on this account, 
cooling losses would be relatively less and the 
maximum pressure attained apparently greater. 

The difference between the observed and 
calculated values was greatest with the methane- 
(9*8%) and least w'ith the pentane-air mixtures 
(2*45%). The authors discussed in their paper 
the various factors, e.g, (’onduction and radiation 



Fig. 26.— Pressure Rise and Explosion Time 
Curves Relating to Mixtures with Air 
OF (A) Ethylene, (B) Propylene and 
(C) Butylene (Maxwell and Wheeler). 

losses, incomplete combustion, errors in the 
values of dissociation constants and heat 
capacities, etc., which may contribute to the 
differences referred to ; all these are matters, 
however, which call for further researches. 

The Olefins ,—Later Maxwell and Wheeler®® 
described corresponding experiments with the 
olefins ethylene, propylene and butylene, 
the data concerning which are shown graphically 
in Fig. 26. As with the paraffins, there was 
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in each case a marked displacement of the 
maximum pressure mixture from the theore¬ 
tical mixture towards mixtures containing an 
excess of hydrocarbon. The differences between 
the theoretical pressures calculated according 
to the method of Tizard and Pyo and the 
experimental values were found to bo greater 
than with the paraffins, being for the maxim uni 
pressure mixtures 13-6, 16*5 and J4-()% with 
ethylene, propylene and butylene respectively; 
the explanation of this, however, again re¬ 
mained uncertain owing to the many factors 
involved. 

In other experiments in a stainless steel 
explosion cylinder 6 in. diameter by 15 in. in 
length, provided with a window fitted along one 
side, these authors made photographic records of 
flame movement as well as time-pressure records 
of explosions of certain pentane-and benzene-air 
mixtures. It was found under su<di conditions 
that in a knocking explosion (rf. Eenning’s 
pressure-time records), as was observed with a 
3*3% pentane-air mixture at 2 atmospheres 
initial pressure, combustion was not complete 
in the flame front nor was it continuous behind 
the flame. It appeared as though some impetus 
was required to complete the chemical reaction, 
and this occurred when a shock wave w'as 
produced by the arrest of the accelerating and 
vibrating flame at the end of the cylinder, the 
combustion being then completed almost 
instantaneously throughout the cylinder, with 
consequent sudden development of pressure. 
(Such an occurrence is frequently observed when 
recording flame movement in explosions in 
tubes closed at both ends.) 

In non-knocking explosions, however, such as 
those of benzene-air mixtures or of pentane-air 
mixtures (a) at lower pressures, (6) with an 
anti-knock admixed or (c) rendered turbulent 
by means of a fan, the combustion was con¬ 
tinuous, and completed immediately behind the 
flame front. How far such results are applicable 
to knock in internal combustion engines remains 
uncertain, but they show the importance of the 
fact that the progress of combustion in by tiro- 
carbon flames is not always a continuous single 
stage process (cf. reference to this under Ignition 
Temperatures, pp. 424-5, and Limits of Inflam¬ 
mability, p. 429). 

A series of papers by S. Brown and collabora¬ 
tors dealt with many factors influencing the | 
nature of pressure development in explosions of 
higher hydrocarbon-air media and should be 
consulted by the reader specially interested in 
this branch of the subject. In particular, it was 
found that with hexane-air mixtures, while 
raising the initial temperature generally effected 
a speeding up of the rate of pressure 
development, an optimum temperature existed 
for each mixture above which the reverse 
occurred. 

As regards pressure development the following 
values were found for mixtures with air giving 
the highest pressure, and they show remarkable 
equality irrespective of the particular fuel used. 
The explosion bomb employed had a cylindrical 
cavity 2*76 in. diameter and 7 in. long, ignition 
being effected at the centre and the mixtures 
fired at atmospheric pressure and temperature. 



Max. 

pressure, lb. 
per sq. in. 

Explosion 
time, sec. 

ti-Hcxane .... 

675 

00195 

7i-Heptane .... 

655 

00175 

w-Octane .... 

668 

0-0165 

Benzene. 

665 

0-0153 

Toluene . 

650 

0-0170 

Xylene. 

()75 

0-0190 


In the last j)a}jet‘ of the series photographic 
records avctc reproduced showing the nature of 
flame movement in explosions o(!Curring under 
engine conditions. From the point of view of 
knock such factors were studied as addition 
of an anti-knock to the medium and the auto¬ 
ignition of the unbiiriit mixture ahead of 
the flame by means of artificial “ hot spots,” 
etc. ; general deductions were also made in 
regard to the relation between knock and 
both rate of rise of pressure and the production 
of shock waves. Other investigations of this 
character have been those of L. Withrow and 
T. A. Boyd,***^ T. A. Boyd,*^^ C. F. Marvin and 
K. 1>. Best,**^ and Uuchone.®^ 

All account of experiments on the explo¬ 
sion in a 0 in. diameter vessel of carbon mon¬ 
oxide-air, et(5., mixtures at ordinary pressures, 
and with small additions of either hydrogen or 
steam, w^as published by David, Brown and Pi I 
Din in 1932, and should be referred to as 
representative of the work on this combustible 
ga8.®^<* Also, data on hydrogen-air explosions 
at ordinary pressures have been recently sum¬ 
marised by Lewis and von Elbe.*® 

Jleat Capacities and Dissociation Constants .— 
Apart from their general interest and the possible 
light which explosion experiments may be able 
to throw on specific problems, as, for example, 
that of knock in petrol-air engines, work of this 
type lias been mainly directed with the object 
of calculating flame temperatures from explo¬ 
sion pressures and ultimately the probable 
l alues for the mean heat capacities and dissocia¬ 
tion constants thereat. Indeed, imtil recent 
years the explosion method furnished the only 
indirect means of estimating such values at 
temperatures approaching 3,0CK)°C. I’'or pro¬ 
vided the ” explosion time ” is short so that 
cooling losses are small, and the composition 
of the gases at the maximum temperature 
estimated, making due allowance for dissociation 
on the basis of certain supplementary experi¬ 
ments, the maximum temperature is calculable, 
as follows: 


where mjn represents the ratio of the number of 
molecules before and after explosion. In the 
hands of Nernst’s pupils M. Pier, N. Bjerrum, 
Siegel and Budde, the knowledge of so- 
determined temperatures was employed for the 
calculation of the volumetric heat capacities of 
the principal di- and tri-atomic molecules os 
well as of the dissociation constants of steam and 
carbon dioxide.’* 
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In recent years, however, it has become 
possible to calculate these values from the band 
spectra of gases.®* The data so calculated are 
in close agreement with those determined from 
explosion pressures, and are now held to be 
the more reliable. The values of the heat 
rapacities of CO 2 , HgO, Ng and Og deter¬ 
mined from band spectra have been plotted in 
Fig. 27, covering a temperature range up to 
3,&0®C. Moreover, it is now possible to 
recognise and assess the part played by reversible 



Fia. 27.— Mean Molecular Heat Capacities 
Derived prom Band Spectra. 


processes other than the usually accepted 
dissociations of COg and HgO and the water gas 
reaction, as, for example, OH+^Hj^HgO 
and CO+OH^COg+H. 

Very recently some accurate data on mean 
molecular heat capacities calculated from 
(’xplosion pressures have been determined at 
the National Physical Laboratory by Fcnning 
and Whififen. These confirm that within the 
error of experiment, the values so determined 
correspond closely to others derived from band 
spectra.®*'* 

A correction to maximum pressures determined 
in explosion experiments has also recently 
been worked out to compensate for the tempera¬ 
ture gradients known to exist in the gaseous 
products {cf. Hopkinson ®*) and necessitated 
by the variation with temperature of the various 
heat capacities. When such a correction has 
been applied, it is now found that not in¬ 
frequently the explosion temperature may exceed 
that allowable by the heat capacities calculated 
from band spectra, and an “ excitation lag ” 
has been postulated whereby it is thought 
probable that in an explosion with certain 
gases present the distribution of energy over the 
various degrees of freedom does not immediately 
attain an equilibrium state corresponding 
to temperature ; indeed, there may be an 


instantaneous excess of “ kinetic ” energy at the 
expense of the “ vibrational ” energy. The 
converse of this process, namely the retention 
of an excess of vibrational energy by nascent 
molecules, has long been thought probable {cf. 
David®*; Bone, Newitt and Townend^®). 
All these matters, however, call for further 
investigation. 

Explosions at High Initial Pressures.— 

With the exception of a few isolated experiments 
there had been up to 1020 no systematic 
investigation of gaseous ('xplosiona beyond 
J\ —10 atmospheres or thereabouts ; but since 
that date Bone, Newitt and Townend have 
investigated iiiter alia 

2Hg"!"02-|-3*R and 2CO“f-Oj-l-a'R 

(where R^-Ng, CO, Og. Ar or He), and other 
explosions at initial pressures up to 1,000 
atmospheres. 

The chief difterenco between the conditions of 
high- and low-pressure explosions lies in the 
absolute eoneentrations of the interacting 
molecules so that factors whos<^ operations 



Fig. 28.—Pressure-Time JIeoords of Theo¬ 
retical Hg-AiR and CO-Air Explosions 
AT AN iNITIATi PRESSURE OF 50 ATMO¬ 
SPHERES (Bone, Newitt and Townend). 

mainly (le})end on such densities will become 
progressively more dominant as the pressure 
rises. Generally speaking, inereasing density 
causes (i) an increase in the absolute amount of 
chemical change in the medium per second; 
(ii) a diminution in the proportionate cooling 
effects of the walls of the vessel with consequent 
higher maximum temperatures ; and (iii) 
changes in both the emission and absorption of 
radiation during an explosion. In regard to 
(i), however, any diminution in the explosion 
time {tm) is conditional upon the absolute 
rate of combustion increasing more rapidly than 
the density ; this is frequently, though not 
invariably, the case, explosions of mixtures of 
CO and air being conspicuous exceptions 
owing to special circumstances under (iii) 
intervening. 

In Fig. 28 typical pressure-time records for 
the explosion of theoretical Hg-air and CO-air 
mixtures at an initial pressure of 60 atmospheres 
serve to illustrate the marked difference in the 
behaviour of the two combustible gases. In the 
case of hydrogen there is an almost instantaneous 
rise (about 0-006 see.) to the maximum pressure 
of about 403 atmospheres, succeeded by a 
pressure fall during which the pressure-time 
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record assumes the character of a simple cooling at Tmax- in a theoretical carbon monoxide and air 
curve. With carbon monoxide, on the other explosion remains nearly constant at about 
hand, the pressure rises much more slowly 6% between Piiiit.=10 and 1,000 atmospheres, 
and attains a maximum (409 atmospheres) The Nj-activation effect in such explosions 
only after a considerable time, after which it depends upon radiation emitted during the 
falls slowly, the loss of pressure in 1 second after direct combustion of the carbonic oxide, which is 
maximum being 93 atmospheres compared with also highly favoured by pressure ; but the 
the 226 atmospheres in the case of the hydrogen- presence of comparatively small amounts of Hg 
air mixture. in the reacting medium favours the indirect 

In the case of theoretical hydrogen-air oxidation of the CO as catalysed by steam, and 
explosions, which arc always very rapid, is therefore inimical to Ng-activation. On 
increasing pressure up to Pjnit.™ 200 atmospheres completely replacing the Ng by its equivalent 
slightly shortened which for a spherical of CO, Og, Ar or He in a theoretical carbon 
bomb of 240 c.c. capacity fired from a point at monoxide and air explosion at high initial 
one side was 0*005 second or less; further pressures, the tm is greatly shortened, the 
increase in the density, up to Pinit.—600 atmo- explosion now being as rapid (or nearly so) as a 
spheres, however, lengthened and at Pinit.—750 theoretical hydrogen-air explosion at corre- 
atmospheres a most violent detonation was set spending pressures. Such a complete replace- 
up at the instant of firing. In all cases the rate of ment of Ng by its equivalent of CO entirely 
cooling after tm followed Newton’s law, not suppresses COg dissociation at Tmax. 
being complicated by any exothermic effect. The In analysing the explosion records certain 
percentage of HgO dissociation at Tmax. was 2*2 corrections incident to the use of high pressure 
utPinit.—3 atmospheres, falling to 1*0 at Pinit. = 176 have to bo applied to the experimental data, 
atmospheres and toO-5 at Pinit,-500 atmospheres. These may bo summarised as follows : (i) the 
Equivalent replacement of the Ng by Hg or Og observed initial pressure of the explosive mix- 
in such explosions shortened tm ; Ji^nd each of ture (Pt), the maximum explosion pressure 
these replacements suppressed HgO dissociation. and the pressure of the cold products 

In theoretical carbon monoxide and air explo- (Py) require a compressibility correction for de- 
sions, the Ng molecules are probably viations from the gas laws ; (ii) whenever the time 
“ activated ” by the radiation emitted by the for the attainment of maximum pressure {tjn) 
burning CO (a resonance effect), the pheno- exceeds about 0*005 second, a cooling correction 
menon being marked by (i) a continuously is applied to IV to compensate for the loss of 
increasing lag in tm as the density of the heat by radiation, conduction and convection 
medium is increased up to Pinif=c. 360 atmo- during the explosion period ; (iii) in calculating 
spheres, beyond which it remains constant, and the maximum temperature (T^) actually at- 
(ii) a strong exothermic efiect during the tained in an explosion, due allowance must be 
cooling period after T,„ax. Moreover, in high- made for the change in the number of molecules 
pressure explosions of CO-Og-Ng mixtures in the medium at as compared with P^. 
containing oxygen in excess of that required If P^^ and Pi& denote the values of the maxi- 
for completely burning the CO, the Ng thus mum and initial pressures respectively, corrected 
activated reacts with the excess of oxygen, for deviation from the gas laws, m the number of 
producing largo quantities of NO, which molecules present before explosion, and n the 
ultimately appear in the products as NOg, the number at maximum pressure, then the mean 
optimum mixture for the purpose being maximum temperature attained during the 
2C0+30a+2Ng. Such NO formation is explosion will be given by 
highly favoured by pressure, and, provided V h m 

suitable measures are taken to accelerate the T^yt^T^X -, 

cooling, the amount of NOg surviving in the ^ 

products at Pinit.—70 atmospheres may be as high where Ti is the initial temperature of the 
as 6*4%. The percentage of CO 2 dissociation explosive medium. 


The iNFiiUBNOE OF Varying Initial Pressures on the Explosion of a 2H2+O2+4N2 

Mixture. 


Initial pressure (Pi), atm. 

3 

10 

50 

100 

150 

175 

Pi corrected for compressibility (Pij), 
atm. . 

2*99 

9*95 

49*6 

98*0 

143*5 

164*5 

Time for attainment of maximum 
pressure (fj»), sec. 

In all ca 

ses 0*005 

sec. (or 1 

ess) tend 

ing to di 

minish as 

Maximum pressure (P?n)> atm. . 

23 

78 

Pi incr 
403 

eases. 

850 

1,300 

1,640 

P»j corrected for compressibility (Pm*)» 
atm. 

23 

77*6 

391 

800 

1,185 

1,382 

Bissociation of steam at P»i, % . 

! 2*2 

1*8 

1*4 

1*5 

1*2 

1*0 

Pressure fall in 1 sec. after P^n. % 

78*3 

70*6 

56*8 

67*0 

48*4 

40*3 

Pmd/Pift. 

7*70 

7*79 

7*89 

8*16 

8*26 

8*40 

Tyn, *^0. abs.. 

2,686 

2,620 

2,665 

2,746 

2,780 

2,826 
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The corresponding data (given below) for a 
2C04'0*+4N2 mixture present several 
features in striking contrast to the above. In 
the first place, it will be noted that the explosion 
times increase progressively with pressure from 
0*07 second at 3 atmospheres to 0*66 second at 
175 atmospheres, and all the observed maximum 
pressures are therefore subject to corrections 


for heat losses during this period. Another point 
of interest is that, as already pointed out, the 
percentage of carbon dioxide dissociation 
remains practically constant throughout at 
about 6*0, showing that the effect of increasing 
pressure is just counterbalanced by the opposite 
influence of increasing mean maximum tempera¬ 
ture. 


The Influence of Varvinq Initial Pressures on the Explosion of a 2CO+O2+4N2 

Mixture. 


Initial pressure 
(Pi), atm. . 

Pi corrected for 
compressibility 
(Pift), atm. 

Explosion time 
{tm), sec. , . 

Max. pressure 
(P,„), atm.. . 

Pfn corrected for 
compressibility 
(PmZ>), atm. . 

corrected for 
cooling (Pnibc)t 
atm. 

Dissoctiation of 
CO 2 at Pjrt, % 

Pressure fall in 
1 see. after P/,i, 

/o . 

Max. temperature 
(Tw), °C. abs. . 


30 

100 

3*0 

10*0 

0*07 

0*10 

21*4 i 

750 

21-4 

74-5 

22 '9 

795 

5*1 

5*4 

1 

58*4 

1 42*5 

2,385 

2,490 


250 

50*0 

25*2 

50*75 

015 

0*19 

1930 

409 

189*0 

395 

209*0 

430 

4*9 

51 

3M 

22*75 

2,620 

2,005 


100*0 

i 125*0 

101*0 

120*6 

0*40 

0*47 

880 

1,110 

820 

1,020 

898 

1,112 

5-4 

5*0 

19*3 

18*9 

2,715 1 

2,710 


1 


1500 

175*0 

149*6 

172*0 

0*53 

1 0*56 

1,355 

1,015 

1,234 

1,420 

1,339 

1,555 

50 

5*3 

17*3 

13*9 

2,755 

2,760 


Explosions at Initial Pressures Between 250 
and 1,000 Atmospheres ,—^At such high pressures 
deviations from the gas laws become very 
considerable and the observed gauge pressures 
give no indication of the actual densities of the 


gaseous niedia. The relationships between the 
gauge pressure (Pi) and the corrected 
pressure (Pi&) as found by direct compressibility 
measurements are as shown in the following 
table. 


E.\plosive medium. 

Initial pressure (P») as indicated by the gauge (atm.). | 


75 

260 

350 

500 

750 

1,000 

2 HJ 5 +O 2 + 376 N 2 

74*2 

Ascertain 

238 

ed corrects 
305 

d pressure 
392 

(p*) 

480 

560 

2 CO+O 2 + 376 N 2 . 

76*2 

243*5 

312*5 

388*5 

460 

520 


It is thus seen that doubling the observed 
gauge pressure from 500 to 1,0(X) atmospheres 
increases the density of the hydrogen-air medium 
by 1*43 and the CO-air medium by 1*34 only. 
The effect of increasing the initial pressure of a 
2Ha4-02+3*76Na mixture from 260 to 600 
atmospheres is to increase both the explosion time 
and the maximum temperature. The data given 
in the next column relate to explosions in a 
cylindrical bomb 3 in. long and 1*5 in. in diameter. 

Up to 500 atmospheres the explosions, 
although rapid, proceed normally, and repro> 
duoible pressure-time records were obtained. At 


2H2-f Og-f 3*76N2 Explosions. 


Pt, atm. . 

250 

350 

500 

Pi6, atm. . . . 

238 

306 

392 

<m» sec. 

0*016 

0*02 

0*022 

Pm, atm. . . 

2,130 

2,960 

4,100 

3,076 

Pm5, atm. . . . 

1,180 

2,390 

Tm» abs. . . 

Pressure fall in 1 

2,660 

2,630 

2,640 

sec. after Pm»% • 

72*5 

64 

64 
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760 atmospheres, however, there is an abrupt 
change in the character of the explosion and 
violent detonation is set up. 

With a 2C04-02+3-76N2 mixture, on the 
other hand, no such abnormal effect was noticed 
even up to 1,000 atmospheres ; the explosion 
times increase with pressure, although not 


nearly to the same extent as at lower initial 
pressures, whilst the exothermic effect observed 
during the cooling period after tm reaches a 
maximum at an initial pressure somewhere 
between 350 and 600 atmospheres, and after¬ 
wards remains constant. The data relating to 
these experiments are summarised below ; 


200+02+3-76N2 Explosions. 



Exi>losion chamber 
iti.x 1-5 in. 

Explosion chamber 

2-5 in. X i r> in. 

Pi, atm. 

250 

350 

500 

500 

750 

1,000 

Pij, atm. 

243-5 

312*5 

388*5 

388*5 

400 

520 

Im* . 

0-28 

0-33 

0-33 

0-22 

0*22 

0*24 

IV, atm. 

2,290 

3,270 

4,500 

4,480 

5,820 

7,100 

Pm&» titm. 

1,923 

2,583 

3,330 

3,320 

4,070 

4,690 

Tm, abs. 

2,650 

2,760 

2,860 

2,850 

2,950 

2,995 

Calculated COg—dissociation at Tm, 
0 / 

/o . 

2-4 

3*6 

5*0 

50 

55 

5*6 

Pressunj fall in 1 sc(;. after IV, %. • 

1 

37 

35 

32*5 

34*5 

30 

30 



- - _ 

— 
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Explosions of Methane-Air Mixtures under 
Pressure .—The explosion data relating to 
methane-air mixtures at atmo.sph(*ric pressure 
{Figs. 23 and 25) may be compared with the 
results obtained in the liigh pressure explosions 



Fig. 29.—Pressure Development and Explo¬ 
sion-Time Data Relating to Methane- 
Air Mixtures at 10 Atmospheres Initial 
Pressure (Bone, Newitt and Townend). 


at 10-3 and 126 atmospheres respectively 
(Figs. 29 and 30). Special attention is directed 
to the following features : 

(1) The ratio of maximum to initial pressure 
rises sharply to a maximum corresponding 
at Pi—10‘3 atmospheres to the theoretical 


mixture for complete combustion. At 125 
atmospheres, however, the maximum corre¬ 
sponds to a mixture somewhat richer in methane 
than the theoretical, the slight shift being 
probably due to some suppression of dissocia¬ 
tion of CO 2 and H 2 O in the products. 

(2) Whereas at 10-3 atmospheres some sb'gbt 
carbon deposition is observed with the upper- 
limit mixture, at 125 atmospheres it begins 
with mixtures far removed from the upper 
limit and is observed with all mixtures contain¬ 
ing between 18*8 and 41*4% of methane. 
Before the upper limit is reached, however, 
carbon deposition ceases, and at the limit 





Fig. 30.—Pressure Development and ExPLp- 
sion-Timb Data Relating to Methane- 
Air Mixtures at 125 Atmospheres 
Initial Pressure (Bone, Newitt and 
Townend). 

(CH4=46-5%) the products consist only of the 
oxides of carbon, hydrogen, formaldehyde and 
steam. 

(3) The explosion times (Im), which usually 
exceed 1 second, reach a minimum for mixtures in 
the neighbourhood of the theoretical mixture for 
complete combustion. 

(4) For mixtures containing less than the 
theoretical quantity of methane for complete 
combustion, the explosion times increase with 
initial pressure. Thus, for example, in the 
case of an 8*5% methane-air mixture at 
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Pi=10-3 atmospheres, <w»=0‘10 second ; and at 
Pi=126 atmospheres, <jn=0*29 second. 

Witli mixtures containing defect of air or 
oxygen the reverse is the case. Thus it is found 
that while at atmospheric pressure methane 
with less than two-thirds of its own volume of 
oxygen will not explode, at high pressures 
mixtures with much smaller proportions of 
oxygen can bo readily exploded. Moreover, 
in mixtures containing upwards of 00% of 
methane the ctfect of high pressure is not only 
to increase the violence of the explosion, but 
also to diminish, and in some cases suppress 
altogether, carbon deposition. 

For corresponding (jurves relating to the 
explosion of H 2 -air and CO-air media over the 
same pressure ranges, the reader is referred to 
“ Gaseous Combustion at High Pressures,” by 
Bone, Newitt and Townend.^® 

E. The Problem of Knock in Pktrol-Atr 
Engines. 

In order to increase the efficiency of the 
present-day petrol-air engine it would bo 
necessary to raise the compression ratios now 
employed to about 7:1, above which any further 
advantage gained thereby would not justify 
the increased cost of construction. The difficulty 
which has confronted the engineer in putting 
such an increase of comj)ression ratio into effect, 
however, has’ been the phenomenon of knock, 
for with almost all fuels there is found to bo a 
limiting ratio above which knock is encountered. 

When knock occurs, pressure in an engine 
cylinder is not built up smoothly. A fugitive 
and abnormally high pressure, accompanied by a 
sharp metallic ring, is developed instantaneously, 
the cylinder walls and piston receiving, as it 
were, a “ hammer blow ” instead of an effective 
thrust, with consequent loss of efficiency and 
strain on the working parts. The defect also 
leads to overheating due, no doubt, to the re¬ 
moval of the surface gas-film by such explosions 
and the consequent increased heat transfer to 
the cylinder walls. 

The phenomenon simulates detonation and is 
still attributed in some quarters to this cause; 
but the conditions prevailing in an engine 
are far removed from those under which any 
detonation can be studied experimentally, and 
the setting up of true detonation in the engine 
cylinder is most unhkely. 

Fortunately some fuels are less prone to 
knock than others ; aromatic compounds, 
for example, are non-knocking and a bad 
fuel can be greatly improved by blending it with 
benzene. Moreover, Midgeley’s well-known dis¬ 
covery of anti-knocks has led to the large- 
scale production of leaded fuels ; and in recent 
years the vast expansion of the activities of 
the oil industry has led to the synthetic pro¬ 
duction of “ high duty ” fuels from crude 
petroleum. 

The tendency of fuels to knock is closely 
connected with their ignition temperatures at 
atmospheric pressure. Thus the higher paraffin 
hydrocarbons give rise to knock more easily 
than the lower ones, it being well known that 
the ignition temperature diminishes as the series 
YOh. IV.—29 


is ascended. Moreover, Tizard and Pyo have 
shown that when vapour-air mixtures are 
compressed to temperatures above their respec¬ 
tive ignition temperatures there is a close con¬ 
nection between the temperature coefficient 
of the reaction velocity as shown by the 
observed lags and the tendency to knock. 
It is also agreed that, generally speaking, in 
practice any factor which helps to reduce the 
temperature attained, either locall}" or generally, 
in the unburnt explosive medium also reduces 
the tendency to knock. 

The effect of anti-knocks cannot be 
explained on purely thermal grounds, for their 
concentration is never great enough to allow 
of any appreciably diluting influence, thereby 
lowering the temperature of reaction. More¬ 
over, it has been shown that their presence has 
limited influence on flame velocities, the setting 
up of detonation or on detonation velocities. 

Later research has, therefore, been confined 
mainly to the study of the slow (pre-flarne) 
combustion of the fuels concerned. It has 
been shown, for example, that those fuels which 
have a high temperature coefficient of reaction 
velocity are the more prone to knock. And 
anti-knocks, while lowering the temperature 
at which slow combustion may be initiated, 
slow down the normal rate of oxidation and 
thereby raise ignition temperatures. The 
detection of endothermic peroxides during 
slow combustion has also led to the suggestion 
that if present in sufficient concentration these 
bodies may initiate reaction eliains and 
cause explosion*^’; collision with metallic anti¬ 
knocks would destroy them and thereby arrest 
chain propagation. Becently also Egerton and 
his collaborators by employing a special sampling 
valve have shown that the gases ahead of the 
flame in an enguio contain greater amounts of 
peroxides in knocking than in non-knocking 
explosions ; much discussion upon this subject 
has been mainly academic, for example, as to 
whether such peroxides are primary peroxides 
or the outcome of secondary formation from 
aldehydes. 

Withrow and Rassweilor have succeeded in 
obtaining photographic records of flame move¬ 
ment through an explosive medium in an 
engine which was knocking (Fig. 31). 
These indicate that at the moment of knock, 
flame travels at a greatly enhanced rate through 
the yet unburnt medium, the direction of pro¬ 
pagation being sometimes away from and some¬ 
times towards the initial flame front. In other 
instances evidence of the simultaneous ignition 
of the unburnt charge as a whole was recorded.®® 

From aU the available evidence it is clear that 
knock is definitely related in any particular 
case to the rate and type of pre-flame com¬ 
bustion, this being controlled by the degree of 
compression, the working temperature and the 
speed of running. In such circumstances where 
the available time interval is short conditions 
will no doubt proximate closely to the ignition- 
point. 

The Relation between Ignition Pressures and 
Knock-Ratings .—^When it was discovered 
by Townend and collaborators that with the 
higher paraffins (1) the lower ignition region 
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(c/. p. ^2id) approximated to the usual com¬ 
pression temperatures attained in an engine, 
(2) ignition occurred in this region with a 
minimum time-lag on the attainment of a 
critical pressure, while at higher temperatures 
the mixtures were non-ignitible, (3) not only did 
ignition occur at progressively lower pressures 
as the series was ascended, but the time-lags were 
also materially reduced, and (4) the presence of 


an anti-knock raised the pressure necessary 
for ignition, it became clear that it was to the 
pressures requisite for ignition at appropriate 
temperatures that the standard knock-ratings of 
fuels were related. This bore out in a remarkable 
manner tfie prediction of Prettre that the “ cool 
flame ” processes observed at atmospheric 
pressure were those most likely to bo associated 
with the phenomenon of knock in engines. 



Knocking explosion. Non-knocking explosion. 

Pia. 31. —Movements and Prehsctre Records of Engine Ex¬ 
plosions: A denotes Moment of Ignition; B denotes Time of 90° 
of Crank Revolution after Ignition ; C denotes the Occurrence 
of Knock (Withrow and Rassweiler). 


The relationship between the pressures 
requisite for spontaneous ignition in the lower 
temperature range for equivalent mixtures (con¬ 
sidered together with the corresponding time- 
lags) and the knock-ratings of the paraflins 
and olefins is clearly brought out in the table 
in the next column. 

As a further test on this relationship, an 
examination has been made recently of the 
characteristics of spontaneous ignition of some , 
of the newer high-duty fuels, notably *>o- 
octane, di-isopropyl ether and acetone.^^ When i 
considering chemically dissimilar fuels, however, 
an attempt at a more precise method of com- j 
parison is necessary, involving in particular 
(a) ignition-point curves pertaining to ignition 
within comparable short time-lags, and (6) a 
knowledge of the approximate compression 
temperatures in the cylinder head. For this 
purpose in Fig. 32 curves have been plotted 
relating to approximately theoretical mixtures 
with air of eight representative fuels, indicating 
the pressures requisite for ignition in a time-lag 
of 1 second or less. On the same diagram, a 
typical adiabatic curve (No. 1) has been drawn 
for compression ratios up to 6:1, calculated 
according to the relations Tg—T^xr^"”^ and 
Pj=*PiXry, the value of y being taken as 1*36, 
which is generally applicable, and that of Tj 
as 130®, corresponding approximately to the 
temperature of the medium befere compression 


Relation between Ignition Pressures and 
Knock-Ratings. 



A 

Mini¬ 

mum 

presBiu-o 

(atms.). 

B 

Time- 

lag 

(see..). 

C 

Critical 

com¬ 

pression 

ratio. 

TI 

Katio 

A/C. 

Paraffins— 





Metliam* . 

— 

— 

non- 

knock- 

— 

Ethane 

_ 

_ 

ing 

140 

_ 

Propane . 

6-8 

3 

120 

0-57 

Butane 

3-2 

2 

6 4 

0-50 

Pentane . 

2-2 

14 

3-8 

0-57 

Hexane 

1*9 

1 

3-3 

0*58 

Heptane . 

1-68 

0-7 

' 2-8 

0*57 

Octane 

1*3 

0-3 

2-8 

047 

tsoButane. 

4-8 

3 

8-9 

0-54 

woOctane . 

4-85 

1-7 

7-6 

0-64 

Olefins— 





Ethylene . 

— 

— 

8-5 

— 

Propylene 

5-0 

30 

84 

0-59 

o-Butylene 

335 

3-5 

— 

— 

a-Amylene 

24 

1-8 

5-8 

042 


at a compression ratio of 4*5. If knock 
may first be anticipated when the pressure 
and temperatiu^ adiabatically attained at the 
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end of the compression stroke approximate to 
the conditions for spontaneous ignition within an 
appropriate time-lag, then the points of inter¬ 
section of curve 1 with the ignition-point 
curves pertaining to ignition within a lag of 
(say) 0-006 second, which would correspond to 
engine conditions, would indicate roughly the 
conditions requisite to induce knock. Such 
ignition-point curves, if determinable, would lie 
in the direction of higher pressures and to the 
right of those plotted in Fig. 32 ; in order, 
therefore, to illustrate this interpretation of 
knock, the adiabatic compression curve 
(No. 1) has been shifted arbitrarily to the left 


(dotted curve) so as to intersect the 1-second 
lag ignition-point curves. It will be observed 
that as so placed the known knock-ratings 
(expressed as critical compression ratios), 
indicated in the circles at the points of inter¬ 
section of the curves, all fall into the same 
order as the pressures requisite for ignition at an 
appropriate compression temjwrature. Although 
in engine practice other factors, such as dilution 
with explosion products, the formation of 
reaction centres during the compression stroke 
and the part plaj^ed by the advancing flame, 
all call for consideration, there would now 
seem little doubt that knock is brought about 



Fig. 32.— Ignition-Point Curves relating to Comparable Short 
Time-Lags. A—Octane, B—Heptane, C=Hexane, D^Pentane, 
E = wo.Octane, F— di woPropyl Ether, G— Propane, H=Pbopy- 
LENE. Values in Circles denote Knock-Ratings. (Maocormao 
AND Townend). 


by conditions closely related to those which 
would induce spontaneous ignition in the 
unburned medium. 

The Relation between the Time-Lags and 
Pressure .—In order finally to establish the 
relationship just described, it is necessary to 
study the influence of increased pressure above 
the minimum ignition pressures in reducing the 
time-lags still further than has hitherto been 
practicable, so that by more accurate extra¬ 
polation the approximate pressure and tempera¬ 
ture conditions for ignition within the very short 
time-lags available in engine practice might be 
predicted. Such measurements as had already 
been possible indicated that pressures calculated 
from laboratory experiments would be some¬ 
what higher than those attained in an engine.*® 
The main difficulty encountered in such work 
is the extreme violence of the ignitions at 
ressures much above the minima. Recently, 
owever, G. P. Kane has succeeded in over¬ 
coming the difficulty by employing a disc 
reoor^ng manometer and a method of rapid 


filling so that the explosive mixture may be 
instantaneously confined in the explosion 
vessel.^®® 

The first kinetic interpretation of the relation¬ 
ship between the working pressure (P—com- 
bustible-f oxygen) and the observed time-lag (<) 
was that of Neumann and Egorov, who found 
with a methane-oxygen mixture at 700°C. the 
relationship constant to hold good. 

Recently Neumann and Aivazov have ex¬ 
tended this investigation to a study of the lags 
prior to cool flame formation in pentane-oxygen 
mixtures, and have elaborated the expression 
so as to relate the time-lags not only with 
pressure, but also with temperature, nitrogen 
dilution and vessel diameter. 

Prettre ^®® has also recently studied the same 
relationship with pentane-oxygen mixtures, 
finding the relation tPcPt^~h to bold good, 
where Pc==partial pressure of combustible and 
P^=total pressure. The experiments were 
restricted to pressures below 1 atmosphere, 
however, and to lags not less than 1 second ; but 
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the general applicability of the expression led 
Prettre to conclude that by extrapolating to 
higher pressures in the region of 10-15 atmos¬ 
pheres, the lags at 350°C. would be reduced 
to less than 1/100 second for pentane-air 
mixtures, and he agreed that knock can 
logically be regarded as an instantaneous 
spontaneous ignition which is imposed under 
the conditions of temperature and pressure 
obtainable in the engine cylinder.” 

Kane has made a notable advance in the 
subject by studying the influence of pressure on 
the time-lags at pressures up to 15 atmospheres 
with an accuracy of 1/100 second, and he has 
shown that on the attainment of a critical pressure 
the two-stage ignition process to which reference 
has already been made passes into a single-stage 
ignition ; so long as the two-stage process was 
operative the general expression tVi—k was found 
to hold good. When the single-stage process 
became operative this was no longer the case, the 
lags then decreasing very rapidly with pressure. 
Extrapolation now showed that with propane 
and propylene the spontaneous ignition pressures 
for short time-lags would agree closely with 
engine conditions at the incidence of knock. 

From what has been said elsewhere (pp. 424, 
429) on the i)art played by pressure in inducing 
the two-stage ignition of such fuels, it will bo 
appreciated that peroxides formed as the out¬ 
come of cool flames are probably vital to the 
ignitions induced thereby ; and they are probably 
of paramount importance to the process when a 
pressure is reached such that ignition becomes 
instantaneous. It is therefore pleasing that 
the work as a whole seems to show that the 
spontaneous ignition theory of knock now seems 
definitely to link up with the views of Egerton 
and others on the importance of j)eroxide 
formation in the cylinder head. 
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I). r. A. T. 

EXPLOSIVES. 

Synopsis op tup SuHJKivr. 

J. General (p. 454). 

IJ. Gunpowder and Shnilar Exploaice Mixturen 
(p.455). 

Gunpowder. 

Other PotasHlum Nitrate Mixtures. 

Sodium Nitrate Mixtures. 

Other Nitrate Explosives. 

Chlorate Explosives (r. (’hpuH) 1 Tp:S, Vol. II 
p. 625). 

Perchlorate Explosives. 

III. JSitrohydrocarbons (p. 40.')), 

Nltrobciizenos. 

Nltrotoluencs. 

T.N.T.. 

Nitronaphtlial(‘nfs. 

IV. Nitro])henols (p. 476). 

Picric Acid. 

Trinitroanisol. 

V. Nitro-sulphur Compounds (p 484). 

VI. Nitro-amino Compowids (p. 485), 

Totryl. 

Totranitraniliiie. 

Pentryl. 

Hexyl. 

Ethylenedinitramiue. 

VII. mtnc Eaters (p. 489). 

Dinitroglycol. 

Dlnltroglycerln. 

Trinitroglycserln (Nitroglycerin). 
Pontaer^hritol Tetranltrate (Penthrlt). 
Nitromannltol. 
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vni. NUfoeeUulom 

Guncotton. 

Collodion Cotton. 

Nltrostarch. 

IX. SmoJteless Powders (p. 617). 

ProgrcBBive Burning Powders. 

Snorting Smokeless Powders. 

Miscellaneous Smokeless Powders. 

X. Initiatory Explosives (p. 636). 

Fulminates. 

Miscellaneous Initiators. 

Cap Compositions. 

Detonators. 

XI. Miscellaneous Explosives (p. 545). 

Sprengel Explosives. 

Liquid Oxygen Explosives. 

XII. Testing of Explosives (p. 546). 
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I. GENERAL. 

Explosives are solid, liquid or gaseous 
substances which, when submitted to a local 
initiatory impulse such as shook, friction, 
sparks, etc., suffer rapid decomposition with the 
production of a considerable quantity of heat 
and large volumes of gases which may occupy 
many times the volume of the original explosive. 

An explosive may consist of a single substance 
of well-defined chemical composition such as 
trinitrotoluene or it may be a mixture of two 
or more substances none of which in itself need 
be an explosive, as, for example, gunpowder. 

Disastrous explosions have occurred when 
combustible materials such as flour, aluminium 
powder, etc., in the state of dust suspended in 
the atmosphere have been subjected to flame or 
sparks {v. Dust, iNDirsTRiAi., axd Dust Explo¬ 
sions, this Vol., p. 102c). 

The majority of explosives contain oxygen, 
usually in the form of a nitrate (or nitro group), 
chlorate or perchlorate, and also hydrogen and 
carbon. On explosion the oxygen combines 
with the hydrogen and carbon to form water 
and carbon monoxide or dioxide. The azides 
are an important exception since, although 
powerful explosives, they contain no oxygen or 
hydrogen. Son^e explosives contain sufficient 
oxygen to oxidise the whole of the hydrogen 
and carbon present and even to liberate free 
oxygen. On the other hand, the oxygen may 
be 80 deficient that elementary carbon is formed 
if the explosive is detonated alone, and in this 
case it is usual to add to it a material rich in 
oxygen in order to obtain a more complete 
combustion. 

Although all explosive reactions appear to 
happen “ instantaneously ” as judged by the 
human ear or eye, there are actually great 
differences in the rates of explosive decomjKfsi- 
tion of different explosives. Apart from differ¬ 
ences due to chemical constitution, the rate of 
detonation or explosion is largely dependent on 
the method adopted for initiating the explosive 
action and the conditions under which initiation 
is effected. 

In the case of an explosive such as gunpowder, 
which oonsists of a mixture of non-explosive 
ingredients, the explosion is really a very 
rapid combustion, the ignition of a part of the 
explosive causing adjacent portions to be 


raised to the ignition point, thus producing 
combustion throughout the mass. The velocity 
of explosion in this case does not, imder the 
most favourable conditions, exceed about 
400 metres per second. 

On the other hand, when an explosive such 
as trinitrotoluene is fired by means of a suitable 
detonator, a complete molecular disruption 
is transmitted throughout the mass by an 
explosive wave which is propagated at a velocity 
of several thousand metres per second. If, 
however, an explosive of this type is simply 
ignited, it bums comparatively slowly, and if 
not confined does not usually explode. 

Explosives such as mercury fulminate which 
detonate readily on being ignited constitute a 
class of their own and are described under 
Initiatory Explosives, Sec. X of this article. 

The physical explanation of detonation, which 
is still rather imperfectly understood, is discussed 
by Dairy in “ Combustion et Detonation,” 
Paris, 1933, and by A. Schmidt in Z. ges. 
Schiess- u. Sprengstoff'w. 1938, 33, 121, 280, 
312. 

The violent shattering effect associated wdth 
the high rate of detonation of certain explosives 
has led to their general classification as “ high 
explosives,” materials of the gunpowder typo 
being termed, per contra^ “ low explosives.” 
The popular criterion of a high explosive at 
one time was its ability to “ strike downward ” 
when exploded upon the surface of an object, 
as distini^t from the behaviour of gunpowder, 
etc., which needs to be confined within or under 
the object to be demolished. This “ downward 
striking ” tendency of high explosives is, of 
course, merely the natural effect of the high 
rate of detonation of such materials, against 
which the overlying air has sufficient resistance 
to enable the development of a powerful blow 
in the opposite direction. Jn the case of “ low 
explosives,” which develop their pressure more 
gradually, this resistance is usually too small to 
be of any consequence. 

Modern developments have shown that there 
is no sharp line of demarcation between “ high ” 
and ” low ” explosives, and the term “ high 
explosive ” is now generally restricted to those 
materials which are used as bursting charges for 
projectiles and for certain types of demolition 
explosive. 

The physical condition of an explosive has a 
marked effect on its explosibility and on the 
character of the explosion. For instance, when 
frozen, nitroglycerin is much less sensitive to 
detonation than when in the liquid state, and 
nitro-explosives which have been melted and 
solidified in a block %re less sensitive to detona¬ 
tion than the same explosives in the crystalline 
or powdered condition. Confinement increases 
the violence of all explosives, some materials, 
however, being much more sensitive to this 
factor than others. The power of mercury 
fulminate, for instance, is but little increased by 
confinement, whereas explosives of the gun¬ 
powder type require to be strongly confined to 
produce disruptive effects. 

For commercial or military use it is essential 
that explosives should be safe to handle and 
transport and that they should be stable in 
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storage. On the other hand, they must be 
sufficiently sensitive to initiatory impulses to 
explode or detonate readily and completely 
under appropriate conditions. 

The number of compounds suggested for use 
as explosives has increased very appreciably in 
recent years owing to the cheap production on 
the large scale by improved processes of raw 
materials, formerly costly. 

Only the more important explosives are dealt 
with in the following article. 


II. GUNPOWDER AND SIMILAR 
EXPLOSIVE MIXTURES. 

Gunpowder. 

The use of the term “ gunpowder ” to denote 
a material which seldom occurs in the form of 
powder, but generally in a granular form, and 
which nowadays is used only to a limited 
extent in military weapons, may seem somewhat 
anomalous. Up to comparatively recent times 
(historically), however, the mixtures of potas¬ 
sium nitrate, sulphur and charcoal which are 
still known generically as “ gunpowders ” were 
the only explosives available for military, 
sporting or industrial use, and the name is 
thus well established by custom. 

The adoption of gunpowder as a military 
propellant for small arms and larger weapons 
dates from about the fourteenth century, and its 
supremacy in this field continued unabated 
until the introduction of smokeless powders 
towards the end of the nineteenth century. 
From then onwards, although still used to a 
considerable extent for industrial and sporting 
purposes, gunpowder for military purposes was 
relegated to secondary f«inotions such as biirsting 
charges for shrapnel shell, primers for large 
charges of other propellants, and fillings for 
time-rings of fuzes or for safety fuze. 

Ordinary black gunpowder consists of an 
intimate mixture of potassium nitrate, sulphur 
and charcoal, approximately in the proportions 
75, 10 and 15 respectively, slight departures 
from this ratio being adopted for special 
purposes. These proportions are very close 
to those which would be demanded by the 
e(juation i2KN0g~l“S“t“3C = K2S“}-3C02”l“ Ng, 
but in actual practice the decomposition is 
much more complex. 

Manufactube. 

The Ingredients.—Under modern con¬ 
ditions, ample supplies of potassium nitrate of 
a high degree of purity are available from the 
trade. Formerly, however, gunpowder manu- 
factui;«rB obtained their pure nitre either by re- 
crystallising crude Indian nitre or from the 
so-called “ conversion ” or “ German ” saltpetre 
resulting from the treatment of camalhte 
(potassium chloride) with Chili saltpetre (sodium 
nitrate). In both cases the recrystallisation 
was carried out under conditions suitable for 
the production of fine crystals in order to avoid 
inclusions of mother liquor. For this purpose 
the solution was agitated continuously while 
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cooling. The crystalline mass thus obtained 
was then raked out on to draining froines, 
where it was washed with small quantities of 
distilled water and allowed to drain. The nitre, 
which then contained up to 6% of moisture, was 
used without further drying for the manu¬ 
facture of gunpowder, the actual moisture 
content being determined and allowed for when 
weighing out the charge. 

In 1894 Hellick found that “ German salt¬ 
petre ” frequently contained appreciable quanti¬ 
ties of perchlorate, and it was stated that several 
accidents in powder factories coincided with 
the presence of a considerable percentage of 
perchlorates in the powder. It was subse¬ 
quently shown, however, that gunpowder 
containing perchlorate as impurity is not unduly 
sensitive. 

The question of the effect of the quahty of the 
nitre on the sensitivity of the gunpowder was 
reopened during the war of 1914-18 as a result of 
further explosions in German gunpowder 
factories following on the introduction of the 
use of nitre prepared by treating potassium 
chloride with synthetic sodium nitrate, the 
process being similar to that previously em¬ 
ployed with Chili nitrate. Since the sodium 
nitrate was prepared by neutralising synthetic 
nitric acid with electrolytically produced soda- 
lye, there was a possibility of nitrites, chlorates 
and perchlorates being present, the first 
derived from the nitric acid and the two latter 
from the alkali. 

According to Junk (Z. ges. Schiess- u. Spreng- 
stoffw. 1922,17, 1), examination of a number of 
samples of the synthetic potassium nitrate 
showed that on the average it was purer than 
the material obtained when Chili nitre was used 
as the raw material. Small amounts of chlorides, 
perchlorates and nitrites were present, but 
chlorates were absent or only present in minute 
quantities. With regard to nitrites, investiga- 
I tion showed that it was only when the content 
of nitrite reached 0*5% that a slight increase 
in the sensitiveness of the gunpowder to impact 
an<l shock occurred, accompanied by a lowering 
of the ignition temperature. The differences 
only became marked when the nitrite content 
reached 6%. As a result of the investigation, 
it was concluded that the synthetic nitrate in 
question was quite as suitable for use in the 
manufacture of gunpowder as that obtained 
from Chili nitrate. 

Sulphur for gunpowder may be obtained from 
the Sicilian native material by liquation followed 
by distillation, or from American material 
produced by the Frasch process. Considerable 
quantities were formerly obtained from the 
calcium sulphide formed as a by-product in the 
Chance-Claus process for the manufacture of 
soda. Owing to the obsolescence of this process, 
however, the amount obtained from this source 
is now almost negligible. 

Other supplies are obtained from pyrites. 
Flowers of sulphur cannot be used in the 
manufacture of gunpowder or other explosives, 
as they usually contain appreciable quantities 
of sulphurous and sulphuric acids. 

Charcoal for gunpowder is made from soft, 
light woods, of an average growth of from two 
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to ten years, such woods yielding readily 
ignitible charcoals. It is recommended that the 
wood should be cut in the spring when in full 
vegetation, as then the bark is more easily 
removed and the sap, though plentiful, contains 
but little saline matter in solution. The woods 
generally used include the so-called dogwood 
{Rhamnus Frangula), alder and willow. In 
Austria, hazel wood is also used. Dogwood 
charcoal is preferable for small-grain, quick- 
burning powders, while for powders of larger 
grain the slower-burning alder and willow 
charcoals are used. 

The wood is carbonised in cylindrical iron 
retorts, which may be arranged for heating either 
horizontally or vertically, precautions being 
taken to ensure that the heating is uniform. 
According to Bdckmann, rotating cylinders 
have been introduced in Sweden for this purpose, 
as a result of which it is stated that more uniform 
carbonisation is obtained and fuel is saved. A 
convenient size for the retorts is 3^ ft. long 
by 2-2^ ft. in diameter, but in general the 
smaller the cylinders used the more uniform is 
the composition of the charcoal produced, since 
there is less tendency for the outer layers of 
wood to become overheated before the centre of 
the charge is properly charred. The time for 
carbonisation of a charge of dogwood in a retort 
of the size indicated ranges from 4 to 8 hours, 
according to the hardness and carbon content 
of the charcoal required. 

The retorts are cooled to ordinary temperature 
before opening, and after visual examination 
the product is stored for a further 1()~14 days 
before grinding, in order to avoid the possibility 
of spontaneous combustion, to which charcoal 
is liable if ground immediately after carbonisa¬ 
tion. 

Attempts to improve the quality and uni¬ 
formity of charcoal for gunpowder include a 
superheated steam process introduced by 
Violette in 1848, and Guttler’s process, invented 
in 1887, in which wood cuttings, straw, peat, 
etc., were carbonised in an atmosphere of CO2. 
By Violette’s process a good yield of brown 
charcoal {charbon roux) was obtained, having 
a carbon content of 70%, using dogwood with 
steam at about 280°. By using steam at 360°, 
charcoal containing 77% carbon was produced, 
and by heating both cylinder and steam to a 
temperature of 460°, charcoal of 89% carbon 
was obtained. This method, however, was 
abandoned, because it gave a larger yield of 
charbon roux^ but not of black charcoal, than 
the ordinary method of carbonisation, and the 
demand at that time was mainly for the latter 
variety. 

In Giittler’s process a supply of inert gas is 
obtained by passing a stream of air through 
burning coke in a producer-furnace adjacent to 
the charring furnace. This process is considered 
preferable to the use of superheated steam in 
that the charcoal does not become wetted with 
condensed steam when cooling. 

Composition of the Charcoal. —Carboni¬ 
sing the wood raises the percentage of carbon, 
diminishing the percentages of hydrogen and 
oxygen. 

Bisortiaux states that woods recently out 


have almost the same percentage composition, 
the mean composition of the dried wood being 
49-4% C, 61% H, 43-4% O and N, and 1-1% 
ash. Very similar figures are quoted for alder 
wood by Heinz and also by Peterson and 
Schodler. On heating, water, carbon monoxide, 
carbon dioxide, hydrogen, acetic acid, methyl 
alcohol and tar are produced. 

The eflect of temperature of heating was 
examined by Violette, who found that dogwood 
was converted into slack-burnt charcoal {charbon 
roux) at a temperature of 280-300°. At the 
latter temperature the yield (on a small scale) 
was about 34% and the composition of the 
charcoal was 73-2% C, 4-3% H, 21-9% O and N, 
and 0T>% ash. Between 350° and 400°, black 
charcoals arc produced, the yield being from 
31 to 28%, and the carbon content ranging 
from about 77 to 81%. Between 1,000° and 
1,260° the charcoal obtained was very hard and 
black. The yield was about 18%, the composition 
of the charcoal being 82*0% C, 2*3% H, 14-1% O 
and N, and 1-0% ash at the lower temperature, 
and 88*1% C, 1-4% H, 9*3% O and N, and 
1 *2% ash at the higher temperature. 

No great difference is found in the specific 
gravity of charcoals prepared from willow and 
alder at 394-558°, the figures ranging from 
1-41 to 1-44 at 15°. 

The higher the temperature of carbonisation, 
the less is the inflammability of the charcoal in 
air, and tho greater the thermal conductivity. 
Violette gives tho following relationship (for the 
same wood) between temperature of charring 
and temperature of inflammation in air: 


Temp, of charring. 
®C. 

260-280 

290-350 

432 

1,000-1,600 


Temp, of inflammation. 
"C. 

340-360 
360-370 
about 400 
600-800 


The charcoal from light and porous wood burns 
more easily than that from hard wood. Lightly 
burnt charcoal is much more absorbent of 
moisture than that charred at a high tempera¬ 
ture. These two factors are taken into con¬ 
sideration in the selection of charcoal for 
different types of gunpowder, the greater in¬ 
flammability of a porous, lightly burnt charcoal 
increasing the rate of burning of the gunpowder 
in which it is used. 

The charcoals used for the various kinds of 
Service black gunpowder range in composi¬ 
tion from about 75 to 86% C, according to the 
natmre of tho powder. Other conditions being 
tho same (namely, proportions of ingredients, 
size of powder, density and moisture), a gun¬ 
powder of normal composition, t.c. 75% nitre, 
10 % sulphur and 15% charcoal, containing 
charcoal burnt at lower temperatures (having a 
lower percentage of carbon), gives higher muzzle 
velocities and pressures than a similar pow'der 
containing charcoal burnt at a higher tempera¬ 
ture and having a higher carbon content. 

Charcoal for Targe-grained gunpowders should 
be jet-black in colour, the slack-burnt charcoals 
of brownish-black colour being used for fine¬ 
grained powders. Tho following table gives the 
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percentage composition of charcoals used in 
different types of gunpowder : 



Pebble. 

Large 

grain. 

Fine 

grain. 

Sporting. 

c . . . 

85*3 

80*3 

75*7 

77-4 

H . . . 

3*0 

3*1 

3-7 

3-8 

O (and N) 

101 

14*8 

18-9 

16*6 

Ash 

1*6 

1*8 

1-7 

2-2 


(Noble and Abel, Phil. Trans. 1880,171, 218). 

Grinding and Incorporating. —Little or no 
fundamental change has occurred in the manu¬ 
facture of gunpowder in recent years, and the 
following outline of the procedure employed at 
a Government factory in the early part of this 
century may be regarded as typical of current 
methods. The charcoal is ground in a cone mill 
and passed through a rotary sieve having about 
30 meshes to the linear inch, the coarse fraction 
being returned to the mill for re-grinding. The 
sulphur is ground in an iron edge-runner mill, 
precautions being taken to ensure that all parts 
of the mill are electrically “ earthed ” in order 
to avoid risk of ignition from static sparks. In 
some works the sulphur is mixed with a little 
nitre before grinding in order to reduce the 
tendency to electrification and to prevent the 
sulphur from aggregating during milling. 

The ground ingredients in charges of about 
80-100 lb. are subjected to a pn^liminary 
mixing in a mechanical mixer with gimmetal 
blades, and the product is passed through an 
S-mesh sieve to remove any coarse foreign 
substances which might cause ignition in the 
incorporating mill. 

The latter consists of a circular iron bod, about 
7 ft. in diameter, on which revolve two iron 
edge-runners, about 6 ft, in diameter, 16 in. 
wide and weighing 4 tons. They have a 
common axle, but are at unequal distances from 
the central vertical shaft, the eccentricity being 
equal to half the width of a runner so that their 
paths overlap. The runners are followed by 
two wooden ploughs covered with leather, one 
plough working near the vertical shaft and the 
other near the outer rim of the bed, both 
throwing the composition into the path of the 
runners. The short radius of the circular path 
traversed by the runners gives them a slipping 
as well as a rolUng motion, which is very 
favourable to the thorough trituration and 
incorporation of the ingredients. A drenching 
apparatus is arranged over the bed of each 
mill so that in case of ignition the charge is 
drowned. This is actuated automatically by the 
explosion gases, and where a number of mills are 
situated in the same building the drenching 
lovers are interconnected so that an explosion 
in one miU automatically “ drowns ” charges 
in all the others. 

The “ green ” charge is spread evenly on the 
bed of the mill by means of a wooden rake, and 
is damped with distilled water to prevent the 
scattering of dust, care being taken to avoid 
making the mixture so wet that it tends to sh'p 
away from the edge-runners. The addition of 
water is repeated as required from time to time 
during the grinding, the total quantity used 
varying from about a quart up to a gallon per 
oha^ according to circumstances. The runners 
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make 8 revolutions per minute, and the charge is 
worked from 3 to 8 hours according to the type 
of powder required. Lust and other re-worked 
material are milled for 40 minutes. 

The “ miU-cake,” as the worked charge is 
called, should have a uniform appearance, and 
should contain from 1 to 3% of moisture if 
intended for small-arm powders, and from 
3 to 6% for the larger grained powders. Any 
mill-cake adhering to the bed is removed by 
wooden tools after thorough moistening. Many 
accidents have been caused through the use of 
metal tools for this purpose. 

Breaking-down and Pressing. —The mill- 
cake is next reduced to meal, in ord(w that it 
may be uniformly pressed. The inill-cako is 
broken down by means of two pairs of gunmetal 
rollers, the upper pair being grooved and placed 
directly above the {)ther pair, which are smooth. 
The rollers revolve towards each other, 
dangerous friction from the accidental presence 
of any hard substaiK'o being prevented by one 
roller of each pair being set in sliding bearings 
connected with a weighted lover causing a 
pressure of about 60 lb., so that the rollers 
would open at any greater pressure. The rollers 
are fed with mill-cake from a hopper by means 
of an endless band of canvas about 2^ ft. wide, 
with cross-strips of leather at intorvak^ of a few 
inches. The product leaves the rollers in the 
form of meal, whi(}h is then ready for pressing. 

The meal is pressed into cake by a hydraulic 
press, the head and bed-plate of which are of 
cast iron or steel. The powder is pressed 
between plates about I ft. 8 in. by 2 ft. 4 in. 
and about y in. thick. At one time brass 
plates were used, but later ebonite plates wore 
found preferable because they have sufficient 
elasticity to transmit the pressure evenly over 
the layer of powder. They have the dis¬ 
advantage of being easily electrified, however, 
and earth connections are essential. 

In charging the press a plate is first put on 
to the carriage, and round this is placed a 
wooden frame, deeper than the thickness of the 
plate. This frame is filled with powder, the 
surface smoothed by means of a flat lath, and a 
second plate placed on top. The frame is then 
lifted to the level of the second plate, and the 
process repeated until the whole charge is made 
up. A pressure of between 375 and 450 lb. per 
sq. in. is applied, according to the fineness of 
the powder, its moisture content, the state of 
the atmosphere and the density required, A 
pressure of 375 lb. per sq. in. applied for from 
^ to 2 hours produces a cake with an average 
density of 1*7-1-8. The centre of the cake has, 
however, a greater density than the edges, which 
are, therefore, cut away to the extent of about 
an inch. The centre layers of the pile are 
slightly less compressed than the top and bottom 
layers, but these differences in density are largely 
averaged out in subsequent operations. The 
layers of pressed cake are broken up with a 
wooden mallet and transferred to the granulating 
house. 

Granulating or Corning. —In the next 
process the irregular broken pieces of pressed 
cake are converted into grains of a fairly 
uniform size by passing through a series of pairs 
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of rollers, each pair causing a. progressive 
reduction in the size of the grains. Generally, 
three or four pairs of rollers are employed, the 
upper pairs being toothed and the last pair 
smooth. As in the case of the breaking-down 
machine, the rollers work in sliding counter- 
weighted bearings so that risk of excessive 
pressure is avoided. The rollers are so arranged 
in tiers that the crushed material leaving each 
pair passes over a copper-wire screen of suitable 
aperture (lO-mesh in the case of small-arm 
pow’ders) on its way to the next pair, so that only 
the powder too large to pass this screen is sub¬ 
jected to further crushing. At the bottom of 
the niacJiine the powder which has passed 
through the upper screens is sieved on a finer 
screen (20-mcsh or otherwise as may be rcfjuired) 
in order to remove fine powder and dust. The 
fine material is returned to the in cor j>o rating 
mill for re-working, while the grains too large; 
to pass the upper screens are f(‘d once again to 
the series of rollers. The material retained on 
the lower screen is now approximately of the 
correct size, but the partiedes are of irregular 
shape, friable in eharacter, and liable to become 
dusty in handling. The powder is, therefore, 
passed through a “ dusting-reel,” (5onsisting of 
a cylindrical sieve of 2()-me8h copper gauze, 
about 8 ft. long, rotating at a small angle to the 
horizontal, at about 40 revolutions per minute. 
This sieve is enclosed in an outer case to collect 
the dust. The rounded grains thus produced 
are then polished by rotating for several hours in 
closed drums, about 0 ft. in diameter by 2 ft. 
wide, holding about 000 lb. of powder. A small 
(piantity of graphite (about 1 oz. per 100 lb.) 
is added to certain powders in order to produce 
a more impervious glaze, but in the case of most 
of the fine-grain powders sufficient polish is 
produced by friction alone. Any dust produced 
in the process is removed by passing the material 
once more through a dusting reel covered with 
20-mesh wire gauze. 

The granulating and polishing of the powder 
renders it safer to handle in bulk owing to the 
absence of dust, and redu(*cs its susceptibility 
to atmospheric humidity. In addition, the in¬ 
flammability and rate of burning of the powder 
are increased, since the flame can penetrate more 
quickly through the charge than would be 
possible in a compact mass. The glazing 
process also increases the density of the powder, 
which can be adjusted over a considerable 
range by varying the length of time of the 
glazing. A powder with a density of 0-810, for 
example, before glazing, can be progressively 
raised to a density of 0-893 by drumming for 
42 hours. 

U.S.P. 1116944 refers to the use of aluminium 
powder as a substitute for graphite for coating 
gunpowders. It is claimed that the aluminium 
increases the ease of ignition owing to its high 
conductivity for heat. 

Stovingi Finishing and Blending. —The 
powder is finally dried in shallow vmoden trays 
with canvas bottoms, each holding about 12 lb. 
of powder and stacked on open framework 
shelves above steam pipes in the drying room. 
The time and temperature of drying vary with 
the size of the powder and its moisture content. 


the finer powders being completed in 1-2 hours 
at 38°, while a large-grain powder may require 
as long as 6 hours at 46°. Other methods of 
drying are sometimes employed, such as driving 
a stream of cold air over steam-heated coils into 
the drying chamber, or by using a stream of 
cold air previously dried by means of calcium 
chloride or other dehydrating agent. Drying 
under reduced pressure has also been tried. 

The drying operation must be carried out 
evenly and not too rapidly, so that the powder 
is not rendered unduly porous. In the case of 
the larger powders rapid drying has a tendency 
to cause the grains to crack, and an efflorescence 
of nitre may appear on the surface. 

Tho dried powder is “ finished ” by rotating 
in a long horizontal canvas reel, rotating at 
45 r.p.m., the fine-grain powders being reeled 
longer than the large-grain. Tiiiishing frees the 
powder from ilic small amount of dust produced 
in the drying process and gives it a final glaze. 

Before drying, and again after finishing, a 
uniform blend is made from a large number of 
barrels of gunpowder. Advantage is taken of 
every opportunity in the process of manu¬ 
facture to mix the grain together so as to obtain 
a more uniform final product. This is done by 
means of a wooden hopper divided into four 
compartments each holding a barrel of powder. 
The compartments are emptied simultaneously 
into a central shoot by means of openings with 
sliding shutters in the bottom of each. This 
method of blending, especially with the smaller 
sizes of grain, is found to give batches of powder 
with very uniform firing results. 

Nomenclature. 

Until comparatively recently, the various 
sizes of grain of gunpowder wore referred to in 
tho British Services by initial letters: B.E.G. 
(rifled fine grain), R.L.G. (rifled largo grain) 
and P. (pebble), the figure “ 2 ” after any of 
these descriptions indicating a somewhat 
coarser grain. This method of identification, 
however, is now abandoned in favour of the use 
of numbers indicating the British Standard 
mesh <H>iTe8pf)nding to the average size of 
grain of the powder concerned. 

Pebble and Primiatic Powders .—Owing to the 
universal adoption of smokeless powders for 
guns oven of the largest calibre, these cut and 
moulded powders are no longer manufactured, 
but are mentioned as a matter of historical 
interest. The use of jK^bble powder in this 
country dates from about tho year 1865. 
Rodman had shown that in the gun the pressure 
diminished as the size of the powder increased, 
and that the velocity of the projectile could at 
the same time be maintained by an increased 
weight of charge. 

Pebble powders were cut in the form of cubes 
from the press-cake prepared as above, the cubes 
being uniform in size, either | or in. side. 
The edges were rounded and the surface polished 
by running in the glazing barrel, a little gr^hite 
being added towards the end of the run. These 
pebbles were used in guns of large calibre in 
which the ordinary large-grain powder would 
give rise to excessive pressure. 
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Prismatic powder may bo regarded as 
a modification of the perforated cake powder 
devised by Rodman in 1860. The latter con¬ 
sisted of cakes of powder compressed by the 
hydraulic press, of the same diameter as the 
bore of the gun, and pierced longitudinally with 
holes of about ^ in. diameter, the cakes being 
packed in the cartridge so that the holes should 
correspond. The introduction of this form of 
powder was based on the consideration that with 
solid grains the surfaces undergoing combustion 
diminish as the combustion proceeds, and that 
consequently the pressure on the gun is greatest 
in the earlier stages. In the case of the per¬ 
forated cake, as the combustion progressed in 
the longitudinal holes, the surface undergoing 
combustion increased. Rodman’s theoretical 
views were confirmed by exj)ei iment, and this | 
principle is still employed in connection with 
smokeless powders which are made in the form 
of tubular sticks when the prolonged mainten¬ 
ance of a steady pressure iji the gun is required. 
The liability of Rodman’s perforated cakes to 
break up in the course of transport led to their 
replacement by much smaller hexagonal prisms 
with ont^ axial cylindrical hole. The prisms 
used in this country were about 1 in. high and 
1-4 in. wude, the central hole being about 
0-4 in. in diameter. They were packed so as to 
form rigid cartridges, and were used for heavy 
breech-loading guns. 

Broum or Cocoa Gunpoirder ,—The introduction 
of this powder was a great innovation in powder 
making, as it greatly improved the shooting 
of big guns, and allow ed the use of guns of still 
larger calibre than w'as possible oven with the 
black ju'isinatic pow'dcr. Jt was composed of 
79% nitre, 3% sulphur and 18% charcoal, and 
c'ontained ordinarily about 2% of i7ioistiirc. The 
charcoal was a very lightly burnt material, 
having a carbon content little higher than that of 
the (dry) wood or straw from which it was made. 

This powder was used for heavy breech- 
loading guns in the form of hexagonal prisms 
having similar dimensions to the black prismatic 
powder. The rate of ignition and combustion 
was slower, however, and for equal muzzle 
velocities of the projectile, the brown prismatic 
powder produced less pressure in the gun than 
black powder, thus rendering possible the use 
of lighter guns. 

Sporting Powder .—Considerable quantities of 
black gunpowder are still used for sporting 
purposes. The proportions of ingredients vary 
but slightly from those used for military 
powders, the desirable qualities of quick ignition 
and combustion being obtained by the use of a 
slack-burnt or red charcoal instead of black. 

Fuze Powder .—gunpowder of special quality 
and constant composition is manufactured for 
use in “ safety ” and other fuzes. Formerly 
siftings from ordinary black powder were 
frequently used, but this caused unevenness in 
burning and was frequently the cause of 
accidents through “ hang-fires.” It is a mealed 
powder, that is, of very fine granulation but free 
from dust. Suitable mixtures, determined by 
trial, of slower and quicker burning powders are 
used to give the correct time of burning in the 
time-rings of shell fuzes. 


Bickford’s safety fuze is a time fuze in the 
form of a flexible cable, which can be fitted into 
the metal tubes of detonators used for initiating 
the explosion of masses of high explosives. It 
consists of a continuous and uniform train of 
fine-grained powder enclosed in a covering of 
jute fibre, this core being contained in a tube of 
waterproof composition and tape, or sometimes, 
for use under water, in a metal tube. Within 
certain limits, such a fuze can be obtained to 
burn at any desired speed, the rate of burning 
of the powder being subject to modification by 
several methods. These include alteration of 
the proportions of the ingredients, the use of 
different types of charcoal either lightly burnt 
or hard burnt, and the addition of inert foreign 
substances such as brick-dust, graphite, etc. 
The last method is not very satisfactory, as 
small quantities of inert material have little 
effect, and larger quantities tend to eause 
irregularities in burning. In spilt; of this 
difficulty, however, IJ.S.P. 2072719 indicates 
the use of titanium dioxide (tip to 30%) for 
retarding the combustion of fuzt; ]K)W(lers, and 
a similar use for barium sulphate, lead sulpliato 
and oxides of manganese, copper and zirconium 
is proposed in U.8.P. 2072720. By increasing 
the percentage of sulphur and correspondingly 
reducing the charcoal content, the rate of 
burning can be materially reduced. 8ucb 
powder, however, loaves excessive amounts of 
I residue on combustion, which renders it unfit 
for many purposes, such as military time fuzes, 
etc. Furthermore, the speed of burning cannot 
be altered sufficiently by those methods for 
certain uses for which the powder is required. 

A method of retarding the; rate of burning of 
gunpowder by treating the grains of powder 
with a solution of nitrocellulose or other cellulose 
corn pounds is described in B.P. 300611. By 
the use of this process, not only can the rale of 
burning be modified, but the powder is rendered 
less hygroscopic. 

Rosin has also boon employed in order to 
retard the rate of burning (U.S.P. 1438759). 
By the addition of 11% of rosin to a powder 
which normally burns at the rate of 46 seconds 
per yard, it is stated that the time of burning 
is increased to 900 seconds per yard. The 
addition of rosin does not necessitate any 
essential change in the usual method of manu¬ 
facture, and it may be added to the charcoal 
and sulphur when these ingredients are being 
ground, prior to incorporation. 

In order to prepare a long-burning pcjwder, 
Foster and White (B.P. 309625) substitute pitch 
for the charcoal in gunpowder. The pitch and 
sulphur are first ground to a fine state of division 
separately, and then thoroughly mixed. The 
mixture is heated to a temperature of 235‘^C., 
cooled and reduced to a fine powder. It is then 
mixed with the ground potassium nitrate and 
the mixture is granulated by any suitable 
process. A powder having the composition 
potassium nitrate 73*6%, sulphur 13*25%, 
pitch 13*25%, prepared in the above manner, 
bums in a fuze at the rate of about 180 seconds 
per yard, and if made with finely ground pitch 
not submitted to the heating process, the rate 
of burning is about 600 seconds per yard. The 
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speed of burning can be regulated to a certain 
extent by varying the temperature of the 
heating, as the higher the temperature to which 
the pitch and sulphur are heated, the faster is 
the rate of burning of the resulting powder. 
By this process it is possible to produce powders 
burning in safety fuze at speeds ranging from 
130 to about 450 seconds per yard. 

Olsen (U.8.P. 1748455) suggests the use of 
triphenyl phosphate and other retarding agents 
such as camphor and substituted ureas for 
modifying the ra te of burning of gunpowder. 

For use in the time rings of fuzes, especially 
in shell fired from anti-aircraft guns, where the 
projectile reaches a great height and has a high 
speed of rotation, ordinary fuze pow^ders do not 
always give satisfactory results. Their failure 
is due, probably, to a tendency for the burning 
powder to become extinguished, owing to the 
contact between the heated products of com¬ 
bustion and the uiiburned powder being affected 
by rapid rotation of the shell, and also because 
of the very greatly reduced atmospheric pressure 
at high altitudes. | 

Grimwood (B.P. 283741) states that if cuprene, 
which is a polymerisation product of acetylene, 
is used wholly or partly as a substitute for the 
charcoal ingredient in ordinary black powder, 
the resulting product bums, under reduced 
atmospheric pressure, at speeds more closely 
approaching normal than is the case with 
ordinary black powder, and at very low pressures 
still burns, whereas the latter almost consistently 
fails. In this connection it is observed that at a 
pressure of about 0-5 in. of mercury, gunpowder 
is not ignited by contact with a red-hot platinum 
wire. The grains in contact with the wire 
become fused, and if the heat is maintained 
electricaUy they burn slowly without causing 
explosion of the remainder. 

Geneeal Peopeetibs. 

Gunpowder, as compared with modem high 
explosives, is of relatively low explosive power, 
the Trauzl block test showing an expansion of 
only about 108, whereas Dynamite No. 1 gives 
520 and Blasting Gelatine 650. Gunpowder, 
however, has the property of being less brisant 
than many explosives, w'hich is a great advantage 
when blasting soft material which it is desired 
to obtain in large pieces. 

The density (as determined by Bianchi’s 
densimeter) of the different kinds of gunpowder 
ranges from about 1*67 for large-grain black 
powder to about 1*87 for the brown prismatic 
powder. Increase of density of a gunpowder 
reduces the rate of combustion, thereby giving 
lower pressure for the same charge, or, con¬ 
versely, permitting the use of larger charges 


without increasing the pressure in the gun. 
Pressure is also reduced by increase of moisture 
in gunpowder, the temperature of the explosion 
gases being lowered. 

Gunpowder is fired when stnick by a 2 kg. 
weight falling a distance of 70-100 cm., the 
powder being confined between hardened steel 
surfaces. When heated, it explodes at about 
300°C. The actual exploding temperature may 
be determined by heating small grains of the 
powder buried in the sand of a deep sand bath 
adjacent to the bulb of a thermometer. Violette 
determined the ignition point by projecting the 
powder on to molten tin. He found that all 
classes of gunpowder after powdering fired at 
at from 265 to 270‘^’C., and that the firing point 
depends little on the composition, but that 
the size and shape of the grains and the per¬ 
fection of incorporation affected the results; 
thus, blasting powder in grains fired at 270'\ 
atul extra fine sporting j)owder at 320°C. 

According to Kast, the velocity of explosion 
of gunpowder when contained in strong iron 
tubes 35 mm. in diameter at a loading density 
of 1 *06 is 420 m./sec., but in thin tubes having a 
diameter of 41 mm., the velocity is 380 m./sec. 
at the same loading density. 

The products of combustion have been 
examined in considerable detad by Noble and 
Abel (1875-80) in addition to many others, 
including Gay-Lussac and Bunsen. 

Noble and Abel determined the heat of 
explosion by firing 10-20 g. of gunpowder in 
strong steel explosion vessels of 32 and 119 ml. 
capacity respectively, the explosion vessels being 
surrounded by water in a calorimeter of the 
usual kind. 

The volume of permanent gases produced w'as 
determined by exploding in closed steel vessels 
of about 1 litre capacity quantities of gun¬ 
powder varying from about 100 to 800 g. The 
vessels retained the whole of the products of 
explosion, and were provided with an arrange¬ 
ment by w'hich the gases could be transferred 
into graduated vessels for measurement and 
analysis. The pressure in the explosion vessels 
w'as measured by means of the usual crusher- 
gauge (a piston acting on and compressing a 
small copper cylinder) screwed into the side of 
the vessel. 

The pressures in the explosion vessels 
varied with the density of charge (weight of 
powder/capacity of vessel). With a density of 
charge of 0*3, the pressure observed was about 
5 tons per sq. in.; with density 0*7, the prcssui’e 
was about 20 tons; with density 1, about 
42 tons; and with density 1*2, about 56 tons. 

The powders used for these experiments had 
the following percentage compositions ; 


Nature of powder. 

Pebble. 

Large 

grain. 

Fine 

grain. 

Sporting, 

Mining. 

Spanish 

spherical. 

Cocoa. 

Moisture. 

10 

11 

1*6 

1*2 

L6 

0*7 

1*3 

Nitre. 

74-7 

74-5 

73*9 

74*7 

61-9 

76*6 

78*9 

Sulphur. 

10-1 

10*1 

10*0 

10-4 

161 

12-4 

2*0 

Charcoal. 

14*2 

14*3 

14-6 

13*7 

21-4 

11*3 

17-8 

Carbon content of char¬ 








coal (%). 

85*2 

86*7 

78-1 

78-1 

83-6 

76*6 

— 








EXPLOSIVES. 


461 


The composition of the solid and gaseous 
products of the explosion of these gunpowders 
is given in the following tables, 'fhe figures given 
for the first three powders are the mean results 


of nine experiments in ^v^hich the density of 
charge was varied from 01 to O-O; the sporting 
and mining powders had a density of charge 0*3, 
and the Spanish spherical 0*7: 


Percentage Composition bv Volume of the Dry Permanent Gases. 


Powder. 

Pebble. 

Largo 

grain. 

Fine 

grain. 

Sporting. 

Mining. 

Spanish 

spherical. 

Cocoa. 

f Carbon dioxide .... 

48-9 

49*3 

,50*G 

50*2 

32*2 

53*4 

51*3 

Carbon monoxide . 

13*6 

12*5 

10*4 

7*5 

33*8 

4*6 

3*4 

Nitrogen. 

32-2 

32*9 

33*2 

34*5 

19-0 

37-8 

41*7 

Hydrogen sulphide 

2-6 

2*6 

2*5 

2*1 

7*1 

2*7 

— 

Methane. 

0-3 

0*4 

0*2 

2*5 

2-7 

— 

0*3 

1 Hydrogen. 

2-4 

2*2 

3*0 

3*2 

5*2 

1*3 

3*3 

Oxygen. 


0*1 

0-1 

— 

— 

0*2 

— 

_ - 


- 



- 




Percentage CoMPOsrnoN by Weight of the Dry Solid Residue. 


Pov\ 

Pol)l>Ie. 

Large 

grain. 

Fine 

grain. 

Sporting. 

Mining. 

Spanish 

spherical. 

1 

Cocoa. 

Potassium carbonate . 

59 3 

()1*0 

51*9 

59*1 

41*4 

35*() 

6‘M 

Potassium bicarbonate. 


— 

— 

— 

— 

— 

13*6 

Potassium sulphate 

12*9 

15*1 

22*7 

21*7 

04> 

48*5 

22-3 

Potassium monosulphido . 

19*0 

14*5 

18*1 

12-4 

37*1 

7*7 

— 

Sulphur (present as higher 
sulphides of potassium) . 

8*1 

8*7 

6*9 

6*4 

141 

7*0 


Potassium thiocyanate 

0*2 

0*2 

0*1 

— 

2-9 

0*1 

— 

Potassium nitrate . 

0*2 

0*3 

0*2 

0*3 

01 

1*0 

trace 

Ammonium sesqui- 
carbonato . 

01 

0*1 

0*1 

0*1 

1*8 

0*1 

trace 

Charcoal. 

0*2 

0*1 

— 

— 

2*0 

— 

— 


The cocoa powder gives a completely oxidised 
saline residue, and the proportion of incompletely 
oxidised gases is smaller with this powder than 
with the others. 

The heat of explosion and the volume of the 
permanent gases, per gram of dry powder, were 
found by Noble and Abel to be as follows : 


Powder. 

Ileat of 

explosion 

(calories). 

Permanent 
gases (c.c.). 

Cocoa .... 

837*0 

198*0 

Spanish spherical 

767*3 

234*2 

Sporting .... 

764*4 

241*0 

Fine grain 

738*3 

263*1 

Large grain . 

725*7 

274*2 

Pebble .... 

721*4 

278*3 

Mining .... 

516*8 

360*3 


It will be seen that as the heat of explosion 
decreases, so the volume of permanent gases 
increases, and Noble and Abel observed that 
the products of those two quantities do not 
differ greatly from a constant, pointing to the 
conclusion that, at any given density of charge, 
the pressures produced and the power of doing 
work of the various powders are not very 
materially different. This conclusion was veri¬ 
fied experimentally, the first three powders 
giving very similar figures, while the remaining 


powders su23ported the generalisation fairly 
closely. 

Noble and Abel estimated the total potential 
energy of gunpowder at about 340,000 kg.-ra. 
per 1 kg. of powder, or a little under 500 ft.-tons 
per pound. This calculation supposes the 
infinite expansion of the explosion products, but 
it was estimated that the actual work realised 
in the gun amounted to only about one-tonth to 
one-fifth of the theoretical quantity. The 
temperature produced by the explosion of gun¬ 
powder was estimated at about 2,100-2,200°C. 
(Noble and Abel, Phil. Trans. Roy. Soc. 1876, 
165, 49), whereas Will (Z. Electrochem. 1906, 
12, 558) states it to be 2,770^^0. 

Debus, in 1882, showed that potassium di¬ 
sulphide is a product of the combustion of black 
powder. He considered that the combustion 
takes place in two stages—first, oxidation 
with the formation of potassium suli)hate and 
carbonate, carbon dioxide, free nitrogen and 
possibly carbon monoxide, and second, re¬ 
duction of the potassium sulphate and carbonate 
by the free carbon and sulphur. He also showed 
that the combustion could be represented in the 
form of an ordinary equation for which the 
theoretical work obtainable from the powder can 
be calculated (Debus, Annalen, 1882, 212, 213; 
1891,265; 1892,268). 

K. A. Hoffmann (Sitzungber. Preuss. Akad. 
Wiss. Berlin, 1875 and 1880), discussing the effect 
of the various components of gunpowder, states 
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that sulphur lowers the ignition point of charcoal- 
nitrate mixtures, but that up to 10% of this 
ingredient docs not appreciably affect the 
explosive power of the mixture, as an increase 
in the sulphur content, while diminishing the 
heat evolved, increases the volume of gaseous 
products. The ignition of sulphur-charcoal- 
potassium nitrate mixtures at 290-300"0., as 
compared with 32()"(J. for charcoal-potassium 
nitrat/C and 470" for sulphur-potassium nitrate 
mixtures, is due to the formation at 15()°C. of 
hydrogen sulphide. This gas decomposes the 
potassium nitrate at 285-29()'^C. with the 
formation of sulphate, and, owing to the rise in 
temperature, the potassium nitrate fuses and 
reacts with the charcoal and molten sulphur. 

Mixtures of sulphur, chart'oal and potassium 
nitrate are less sensitive to shock than sulphur- 
potassium nitrate mixtures, and those consisting 
of charcoal and potassium nitrate alone are 
insensitive. The incorporation of graphite in 
gunpowder mixtures reduces the sensitivity to 
shock, but a superficial coating has no effect on 
this property. 

In powder to be used in mines, not less than 
10% of sulphur should be present, otherwise 
there is a danger of the formation of an excess 
of carbon monoxide and even of hydrocyanic 
acid. Brown charcoal is preferred to black for 
this purpose, as the former gives rise to larger 
amounts of water vapour, thus increasing the 
gas volume and lowering the temperature. 

Examination of Gunpowder. 

Condition. —The powder, examined visually, | 
should have a uniform colour, depending on its 
composition, and a proper amount of glaze. 
Small white specks on the surface of the grains 
indicate that the nitre has effloresced during 
drying. The grains must be compact, not 
flat in shape; their size must be uniform, as 
determined by sifting, and free from dust, as 
shown by the powder leaving no mark on 
running it over a sheet of paper. The grains 
must be hard and crisp, as judged by crushing 
in the hand. The thoroughness of incorporation 
is tested by “ flashing ” a small measured 
quantity on a porcelain tile by means of a hot 
wire. The “ flash ” should show but few 
sparks, and there should not be more than about 
5% of residual solid matter. 

Density.—By the density of a powder is 
understood the specific gravity of the grains or 
prisms including the air contained in their 
pores. It is usually determined by the Bianchi 
densimeter. 100 g. of the sample, crushed 
if necessary, but free from dust, are weighed 
out and transferred to the glass container, 
which is then screwed firmly into the apparatus. 
The latter is fitted with stopcocks above and 
below, the upper being attached to a 2-ft. 
length of small bore glass tubing leading to a 
vacuum pump, and the lower connecting with 
a vessel of mercury the density of which is 
known at the temperature (usually 60 or 70°F.) 
to which it is adjusted. The lower stopcock is 
closed and the apparatus is exhausted to a 
pressure equivalent to about 0*6 in. of mercury 
or less. The stopcock is then opened and the 


mercury is allowed to rise to the height which 
the atmosphere will support. The lower stop¬ 
cock is closed again and the vacuum is released, 
so that the mercury surrounding the grains of 
powder is subjected to the pressure of the 
(?oIumn of mercury standing in the tube above. 
The upper stopcock is then closed, and the con¬ 
tainer is detached and rc-weighed. The density 
of the mercury being known, together with the 
weight of the container filled with mercury alone, 
the density of the powder is readily calculated. 

Hygrometric T est. —All typesof gunpowder 
are liable to adsorb more or less moisture from 
a damp atmosphere, depending on the quality 
of the charcoal and nitre ingredients. The 
tendency of a powder to adsorb moisture is 
determined by exposing a weighed quantity for 
a given time (24 or 48 hours) in an atmosphere 
of relative humidity 95% at a fixed temperature 
(usually 15"C.). The percentage increase in the 
weight of the powder added to its original 
moisture content is taken as a measure of its 
“ hygrometric quality.” The required degree of 
humidity is conveniently attained by confining 
the air over a saturated solution of potassium 
nitrate. 

Analysis. — Moisture is determined as loss in 
weight when the coarsely powdered sample is 
heated at 70"(.\ for 1|^ hours. Alternatively, the 
material may bo dried to constant weight in a 
desiccator over sulphuric acid. Heating at 
temperatures above 70® or for longer periods 
than 2 hours is liable to lead to appreciable loss 
of sulphur in addition to the moisture. 

The nitre is determined by extraction with 
w^arm water, filtering and evaporating the 
filtrate to dryness. Owing to the tendency of 
the char(!oal to pass through the filter with the 
final washings the latter are kept separate, 
evaporated to dryness and again extracted, the 
clear filtrate being added to the bulk. The 
nitre is dried at 105"C., cooled and weighed. 

The sulphur is estimated by heating 1 g. of 
the powder with strong nitric^ acid. When the 
somewhat vigorous action moderates, the 
mixture is allowed to cool and a little potassium 
chlorate is added to complete the oxidation. 
The mixture is evaporated to dryness on the 
w'ater bath, then treated with strong hydro¬ 
chloric acid and again evaporated to dryness. 
The residue is taken up with water (any insoluble 
matter, grit and graphite being filtered off and 
weighed), and the sulphate precipitated with 
barium chloride, etc., in the usual manner. A 
blank experiment is carried out on the materials 
used under identical conditions, and the 
appropriate correction is applied. 

Charcoal .—After removal of the nitre by 
extraction with water, the residue consisting of 
charcoal and sulphur is dried in an atmosphere 
of nitrogen, powdered and treated with carbon 
disulphide to remove sulphur. The charcoal 
still retains a small percentage of sulphur, which 
is estimated by the method described above, 
using a portion of the material only. About 
0*5 g. of charcoal is taken for combustion, the 
actual weight being corrected for the percentage 
of residual sulphur previously found. It is 
dried by heating in the boat in which it is to 
be burnt for 1 hour at 140®C. in a current of 
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nitrogen. It is allowed to cool in the same dry 
atmosphere and is weighed in a closed tube to 
avoid re-adsorption of moisture. The com¬ 
bustion is carried out in oxygen, a length of 
granulated copper oxide, maintained at a red 
heat, being in front of the boat; and in front of 
the copper oxide is a shorter length of lead 
chromate, heated to very low redness, to absorb 
SO2 or SO3. In other respects the combustion 
is j)erfornied in the usual manner. 

Other Potassium Nitrate Mixtures. 

Sulphiirless gunpowders of various compositions 
are used for special purposes, and are essential 
where gunpowder is used as a primer for chlorate 
mixtures owing to the dangerous sensitivity of 
mixtures of sulphur with chlorates. The absence 
of sulphur, however, renders the powder more 
difficult to ignite and reduces its rate of burning. 
SulphurlesH powder, moreover, has a tendency 
to crumble to dust on storage or handling. 


Many combustible substances, amongst others, 
coal, coke, fKJat, sawdust, bark, bran, tan, sugar, 
starch, dextrin, gum, hydro<mrbon8 such as 
paraffin and naphthalene, ferro- and ferri- 
eyanides of potassium, tartaric acid, Rochelle 
salt, sodium acetate, etc., have been proposed 
and patented as substitutes for all or part of 
the charcoal in nitrate mixtures. Many of these 
substances are substituted in older to reduce 
the amount of smoke. They almost invariably 
reduce the inflammability of the powder, slacken 
its combustion, and leave a largo amount of 
residue, but frequently evolve larger quantities 
of gas. Nitroglycerin has also b<}en added in 
tinier to increase the explosive pow^r. These 
mixtures w^ere proposed mainly as blasting 
explosives, and many were authorised for 
manufacture in this country, but at the 
jiresent time tlieir use is practically confined 
to the Continent. The following list shows tho 
composition of a few typical mixtures of this 
type: 


Explosive. 

Pofasrtiuin 

nitrate. 

Charcoal or 
Kiinilar 
material. 

Sulphur. 

Secondary ingredients. 

Amidogene (Switzerland) . 

7:10 

8-0 

100 

Magnesium siilphatu . 
Bran or starch 

l-O 

S-0 

Bobbinitc (l.st definition) . 

()2 (M>r>'0 

170-19-5 

1 •.5-2-5 

8ul]>hatcs of co[)pcr 
and ammonium 
Moisture .... 

i:i-i7 

00-25 

„ (2nd ) . 

630-GG() 

18-5-20-5 

1 •5-2-5 

Rice or maize starch. 
I^araftin wax . 
Moisture .... 

7-0-90 

2*5-:L5 

00-3-0 

Cahuecit. 

G4'0 

70 

(Lamp¬ 

black) 

120 

Wood pulj) 

Sulphate of iron . 

17-0 

1-5 

Haloxilino (Hungary) . 

75*0 

j 

8*5 


Wood pulp 

Potassium ferri- 
cyanide .... 

15-0 

1-5 


Sodium Nitrate Mixtures. 

Sodium nitrate has a higher percentage of 
available oxygen than potassium nitrate, and 
is cheaper, but its hygroscopicity renders it 
unsuitable for use in powders intended for long 
storage. In dry climates, sodium nitrate gun¬ 
powders, manufactured as required for im¬ 
mediate consumption, have been used. In 
addition to their lower cost, such powders are 
more powerful than the corresponding nitre 
mixtures. A sodium nitrate mining powder 
was used, for instance, on a large scale and with 
considerable economy in the Suez Canal works. 
Such mixtures, however, are not in very general 
use. 

The replacement of the potassium nitrate in 
black gunpowder by an equivalent proportion 
of sodium nitrate would give a slightly greater 
quantity of heat and a larger volume of gases, 
assuming that similar chemical reactions 
occurred on explosion. Mixtures containing 


I sodium nitrate, however, do not ignite so readily 
I and burn more slowly than those containing the 
potassium salt. 

Tho hygroscopic proi)erties of sodium nitrate 
are largely due to traces of the nitrates and 
chlorides of calcium and magnesium, which 
cannot be entirely eliminated on a commercial 
scale. Chemically pure sodium nitrate is only 
slightly dehquescent. Proposals have been put 
forward at various times for the addition of 
small quantities of oil or molten wax to sodium 
nitrate explosives in order to coat the particles 
of nitrate and thus reduce the hygroscopicity 
of the powder. 

Sodium nitrate has been used, or proposed, 
in mining powders, either alone or in partial 
substitution of the potassium nitrate, with 
practically all the numerous combustible sub¬ 
stances mentioned under Other Potassium 
Nitrate Mixtures. For example, one of the 
early forms of carbonite, made by Schmidt and 
Bichel, of Schlebusch, consisted of 9-10 parts 
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of Bodiuiu nitrate, 1 part of sulphuretted tar oil 
and 0*6 part of nitrooumene. 

Considerable quantities of sodium nitrate 
black blasting powder are used in the United 
States, an average composition being 71-72% 
sodium nitrate, 16% charcoal and 10-11% 
sulphur. 

According to Young (Bud. Amer. Inst. Min. 
Eng. 1910, 44, 637), powders of this typo gave 
gas of the following composition on exploding 
in a bomb at a loading density of 0-46 : 


Carbon dioxide .... 61-5-67-6% 

Carbon monoxide .... 6 0- 7-4% 

Hydrogen and methane . , 0-0- 6-0% 

Unsaturated hydrocarbons . 0*0- 6-5% 

Nitrogen.33 •0-34*6% 

Sulphuretted hydrogen . . 0-0- 9-8% 


A mild explosive known as SprengsalpctcTf 
having the composition 76% sodium nitrate, 
16% brown coal and 10% sulphur, is largely 
used in the Stassfurt mines. ./Mother German 
mixture of this class is called Petroklaatit or 
JHoloklasiit. This is a compressed mixture of 
69% sodium nitrate, 5% potassium nitrate, 16% 
coahtar pitch, 10% sulphur and 1% potassium 
bichromate. It is more powerful, but less 
sensitive to blows than ordinary gunpowder. 

Ammonium Nitrate Mixtures. 

Ammonium nitrate is used in enormous 
quantities in the explosive industry, since it 
can be produced very cheaply and on explosion 
yields only gaseous products (v. Ammonium 
Niteate as a Constituent of Explosives, 
Vol. I, p. 364). 

The chief explosives from the military point 
of view have already been dealt with under 
Amatol (Vol. I, p. 301) and Ammonal (Vol. I, 
p. 3266). 

Military sabulite contained ammonium nitrate 
78%, trinitrotoluene 8% and calcium siheide 
14%, the latter constituent increasing the heat 
of explosion in a similar manner to aluminium. 

Barium Nitrate Mixtures. 

Barium nitrate contains a smaller percentage 
of available oxygen than potassium nitrate, 
but, owing to its higher density, it contains 
more oxygen, bulk for bulk, than the latter 
salt, and from this point of view should be more 
valuable in disruptive explosives. It also has 
the advantages that it is the least hygroscopic 
of all the nitrates used in explosives, and has 
the least tendency to corrode metals with which 
it may be stored in contact. The higher price 
of barium nitrate, however, tends to restrict its 
use to certain special functions. Explosives 
containing it have a higher ignition point and 
are slower burning than those containing 
potassium nitrate. 

JBaratolt a mixture of barium nitrate and 
trinitrotoluene, has already been referred to 
{v. Vol. I, p. 619c). Tonite, which is now little 
used, as manufactured in England contains 
equal parts of barium nitrate and guncotton. 
Belgian tonite contained 53-0% of guncotton, 
37*6% barium nitrate and 9*4% sodium nitrate. 


Lead Nitrate Mixtures. 

Load nitrate is a somewhat unusual con¬ 
stituent of explosive mixtures, but an explosive 
containing 70% of this material and 30% of 
trinitrotoluene has been employed in Belgium 
under the name of Macariie, This explosive has 
a velocity of detonation of 4,860 m./sec. at a 
density of 2*89. 

Triplastite contains tri- and dinitrotoluenes 
70%, collodion cotton 1*2% and lead nitrate 
28*8%. 

Chlorate Explosives. 

V . Cheddites (Vol. II, p. 526). 

Perchlorate Explosives. 

Perchlorates, although they contain a higher 
proportion of oxygen, possess the advantage over 
chlorates in that they are more stable and less 
sensitive to shock and friction. They are, how¬ 
ever, more costly than the chlorates. 

Ammonium perchlorate is a useful ingredient 
for certain types of explosives since it contains 
a high proportion of available oxygen and on 
detonation produces only gaseous products, 
among which, however, is hydrochloric acid, 
which is objectionable. The formation of this 
poisonous gas can be reduced or eliminated by 
I the addition of substances such as sodium nitrate, 
etc., which yield basic compounds on explosion. 

The use of perchlorates of hexamethylene¬ 
tetramine in explosives has been suggested and 
their method of manufacture has been described 
by Hasscl (Norweg. P. 57831). 

Certain tyj)es of perchlorate explosives tend 
to deteriorate on storage. Vandoni (M6m. 
Poudres, 1926, 22, 149) states that the French 
Explosif P, which consists of a mixture of 
ammonium perchlorate 61*5%, sodium nitrate 
30*0% and paraffin 8*5%, undergoes appreciable 
deterioration involving loss of explosive power 
and ease of detonation if stored for considerable 
periods in which some adsorption of moisture 
can take place. That the deterioration is not due 
simply to the increase in moisture content is 
shown by the fact that if the explosive is dried it 
does not regain its original explosive properties. 
Investigation showed that the departure from 
the normal behaviour of this explosive was due 
to the increase in size of the particles of the 
saline ingredients of the mixtures. 

Perammon, a French explosive, contains 
88-90% ammonium perchlorate and 12-10% 
paraffin. Blastine contains 60% ammonium 
perchlorate, 22% sodium nitrate, 11% trinitro¬ 
toluene and 7% paraffin wax. 

Ophorite is a mild explosive containing 
potassium perchlorate 60% and magnesium 
powder 40%. 

Yonckite 10 bis, a Belgian explosive, contains 
ammonium perchlorate 26%, ammonium nitrate 
30%, sodium nitrate 16%, trinitrotoluene 10% 
and sodium chloride 20%. Yonckite 13^ which 
is a more brisant variation, contains ammonium 
perchlorate 20%, ammonium nitrate 27%, 
sodium nitrate 27%, barium nitrate 6% and 
trinitrotoluene 20%. 
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III. NITKOHYDROCARBONS. 

The h3^drocarbons are nitrated in the usual 
manner by mixtures of nitric and sulphuric 
acids, the degree of nitration being controlled 
by the composition of the mixed acid, its pro¬ 
portion relative to the hydrocarbon and the 
temperature of nitration. For the higher 
nitrations, “ oleum ” or Nordhauson sulphuric 
acid is used for bringing up the concentration 
of the mixed acids, and when the nitration takes 
place in stages the spent acid from the higher 
nitration stage is frequently used, after adjust¬ 
ment of its composition, for the first stage of 
the process. Economy of working has been 
effected by the use, in some cases, of solid sodium 
nitrate instead of nitric acid. 

The aromatic hydrocarbons used for the manu¬ 
facture of nitro-cxplosives are usuaUy obtained 
by the fractionation of coal tar, but some 
naturally occurring petroleums contain a con¬ 
siderable proportion of benzenoid hydrocarbons, 
and processes have been patented in the United 
States and in Germany for their production 
from petroleum and paraffin hydrocarbons by a 
process of “ cracking ” and fractional distilla¬ 
tion. The American Aetna Explosives Company 
spent large sums in developing the U.S. Bureau 
of Mines’ vapour-phase cracking process, but 
the cracked oil contained only about 3% benzene 
and 21% toluene, and the best benzene and 
toluene obtained by fractionation contained 
about 10% of paraffins of the same boiling-point. 
•In the nitration of the toluene so obtained, 
the mononitrotoluene first formed may bo 
separated from the jiaraffins b}’' solution in 
sulphuric acid before further nitration 
(Flurscheim, U.S.P. 1225321, 1917). 

Nitrobenzenes. 

The nitrobenzenes are not used as explosives 
alone, although they can be exploded with 
difficulty, but the mono- and dinitro derivatives 
are used, in combination with oxidising salts or 
with more explosive compounds, in many 
modem explosives used mainly for blasting 
purposes. Typical examples of the use of mono- 
nitrobenzene include the American explosive 
Eack’O-Rock (nitrobenzene 21%, potassium 
chlorate 79%), which was used for blasting the 
Hellgate Rocks at the entrance to New York 
harbour, and certain English explosives of the 
Cheddiie type {q.v.). Nitrobenzene has been 
used also in the manufacture of propellants, in 
combination with guncotton. Indurite, an 
American smokeless powder, consists essentially 
of nitrobenzene 60% and guncotton 40%. 

Dinitbobenzbnb. —This compound is fairly 
widely used in blasting explosives, in which it is 
mixed with chlorates and other ingredients. It 
occurs also in Colt’s pistol powder to the extent 
of 6%, the main constituent being guncotton. 

Manufacture .—Dinitrobenzene may be pre¬ 
pared by direct nitration of benzene in one stage 
using 60 parts of the hydrocarbon, 35-40 parts 
of nitric acid (sp.gr. 1-46) and 60 parts of 
sulphuric acid (sp.gr. 1*80). The rate of ad¬ 
mixture of the acids with the benzene is con¬ 
trolled so that the temperature rises gradually 
to about 100*0. Copious nitrous fumes are 
evolved during the reaction and the operation 
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is more economically performed in two stages 
(as described below under the manufacture of 
trinitrotoluene). On completion of the nitration 
the waste acid is run off and the product washed 
with water until free from acid. 

Properties .—The dinitro benzene thus produced 
consists mainlj’' of the meta isomer, and has 
m.p. 85-87*^0. The pure compound melts at 
OO^^C. ori/mDinitrobenzene, m.p. 118"'C., and 
permdinitrobenzene, m.p. 172X’., occur in small 
proportions in the crude product. The heat of 
formation from benzene is 73 calories. 

Dinitrobenzene has a density of 1-4; it is 
slightly soluble in hot water, more easily in 
alcohol, from which solution it crystallises in 
the form of long yellowish prisms. The 
poisonous qualities normally associated with 
the nitro-explosives arc especially marked in 
the case of dinitrobenzene, and great care is 
necessary when handling the material to avoid 
contamination of the skin or ingestion of traces 
into the stomach in the form of dust. 

Dinitrobenzeno is not used alone as an 
explosive, although it can be exploded by a 
sufficiently powerful impact or by suddeji 
application of heat. Its velocity of detonation 
is 6,100 m, ])er second. When tested on a 
falling weight machine, using a weight of 2 kg., 
it is exploded by a drop of 200 rm. This 
compares with 25 cm. for picric acid and 108 cm. 
forT.N.T. (Colver, “ High Explosives,” London, 
1918). 

Examples of the use of dinitrobenzeno in 
commercial explosives are: Bellile No. J, con¬ 
sisting of ammonium nitrate 82-85%, dinitro- 
benzene 18-15%; Tonite No. 3, consisting of 
barium nitrate 68%, guncotton 19%, dinitro¬ 
benzeno 13%. It is also added as a constituent 
in some dynamites to low’cr the freezing-point of 
the nitroglycerin. 

Trtnitrobenzene. —By means of drastic 
treatment with mixed acids, both tri- and tetra- 
nitrobenzene can be produced from benzene. 
Both these compounds are more easily exploded 
than the dinitro-body, but little use has been 
made of them up to the present owing to the 
difficulty in their manufacture and the poor 
yields obtained. Trinitrobenzeno, however, has 
been proposed as a substitute for picric acid as 
a high explosive by the Chemische Fabrik 
Griesheim (G.B. 79477, 1893). Trinitrobenzeno 
is a more powerfid explosive than trinitrotoluene. 
According to Dautriche (Mom. B. et Saltp. 
1911-12, 16, 27), the density of trinitrobenzene 
when compressed into pellets ranges from 1*343 
under a pressure of 276 kilos per sq. cm. up to 
1*662 under a pressure of 4,125 kilos per sq. cm. 
When loose, its velocity of detonation is 3,900 
m./sec., and in pellets at a density of about 1*3, 
the velocity of detonation is 6,700 m./sec. When 
exploded in a lead block, 10 gm. gave an 
expansion of 241 ml., as compared with 
216 ml. for trinitrotoluene and 228 ml. for 
picric acid. 

Nitrotoluenes. 

The mono-, di- and trinitrotoluenes are all 
employed as constituents of explosive mixtures, 
the mono-derivative being the least used in 
this connection. The trinitro-body became of 
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great importance in all belligerent countries 
during the war of 1914-18 as a high explosive for 
military purposes, a position which it still holds 
in spite of efforts on the part of various military 
powers to develop the use of more powerful 
explosives such as cyclonite (v. Vol. Ill, p. 535d) 
and pentrit (v. Sec. VII, p. 499(i.) 

The nitration of toluene, according to de Beule 
(Bull. Soc. chim. Belg. 1933, 42, 27), gives rise 
to all the mono-, di- and trinitrotoluenes 
theoretically possible, but under normal con¬ 
ditions of manufacture tetranitrotoluene is not 
produced. This authority states that the 
proportions of the various isomers formed when 
the nitration is carried through successive stages 
to completion are as follows :— 

1. Mononitrotoluenes: 

Ortho- 59% ; para- 36% ; meta- 6%. 

2 . Binitrotoluenes; 

2:4 nitro- 75-6% ; 2:6 19'7% ; 3:4 2-6% ; 
2:3 1-4%; 2:6 0-6%; 3:5 0-1%. 

3. Trinitrotoluenes: 

2:4:6 nitro- 96-3%; 2:4:6 2-7%; 2:3:4 
1-6%; 2:3:6 0-4%; 2:3:6 0-03%; 

3:4:5 0 01%. 

According to Gibson, Duc-kham and Fairbairn 
(J.C.S. 1922, 121, 270T), the proportions of the 
isomers are as follows :— 

1. Mononitrotoluenes: 

Ortho- 62% ; pam- 33-5% ; 7mia- 4-6%. 

2. Binitrotoluenes: 

2:4 nitro-74-8% ; 2:6 20-7%; 3:4 2-6%; 
2:3 1-1%; 2:5 0-9%. 

3. Trinitrotoluenes: 

2:4:6 nitro- 95-5%; 2:4:5 2-9%; 2:3:4 
1-3%; 2:3:6 0-3%. 

Buring the further nitration of mononitro- 
toluene to trinitrotoluene the whole of the 
ortho- and pam-isomers are converted into a or 
2 :4:6-trinitrotoluene, whereas the meta- com¬ 
pound forms the other isomers. 

Brady (J.C.S. 1922, 121, 328) has in¬ 

vestigated the trinitro products produced on 
the further nitration of rnetonitrotoluene and 
confirms Brew’s statement {ibid. 1920, 117, 
1616T) that 2:3:4, 2:4:5 and 2:3:6-trinitro- 
toluenes are formed by the nitration of this 
compound. 

Mononitrotoluene.— Manufacture. This 

is described under the manufacture of tri¬ 
nitrotoluene, in the course of which mono- 
nitrotoluene is formed as an intermediate 
product. 

Properties. —^According to de Beule, the 
melting- and boiling-points of the three mono¬ 
nitrotoluenes are as follows: ortho-, a, or 
metastable form, m.p. 9-3°C.; )3, or stable form, 
m.p. 3-2°C., b.p. 221-7°C.; meta-, m.p. 16*1°C., 
b.p. 232-6°C.; para-, m.p. 51-6°C., b.p. 238-4°C. 
The specific gravity of or^A^onitrotoluene is 
given as 1-168 at 15°0., and that of the meto- 
compound as 1-168 at 22®C. 

The mononitrotoluene (M.N.T.) of commerce 
is an oily liquid consisting mainly of the oriho- 
and para-isomers. Its specific gravity is 1-167 
and it boils between 220 and 240*^C. 

M.N.T. is used in a number of blasting 
explosives of the type patented by 0. Silberrad 
in 1911, the particular features of which were 


claimed to be great stability and plasticity. A 
typical example contains the following in¬ 
gredients : potassium chlorate 66-70 parts, 
M.N.T. 12-13 parts, dinitrotoluene 6-7 parts, 
nitronaphthalene 6-7 parts, wood meal 6-6 
parts, nitrocellulose (soluble) 0-5-2-5 parts. The 
potassium chlorate may be replaced by am¬ 
monium perchlorate. 

M.N.T. is also used as a gelatiniser with nitro¬ 
cellulose in certain smokeless powders. 

Binitrotoluene. —Four of the six possible 
isomeric dinitrotoluenes are produced by the 
direct nitration of toluene. Of these the 2:4- 
dinitro body greatly preponderates under the 
ordinary conditions of manufacture. The 2:6 
(or and the 3:4 (or y) dinitrotoluene also 
occur in the crude product together with a little 
of the 2:6 compound. The 2:3 and the 3:5 
isomers may be prepared from the corre¬ 
sponding nitrotoluidinos by substitution of 
NOj for the NHj group. Only the a or 2:4 
compound is used to any extent in explosives. 

Manufacture. —Binitrotoluene is prepared by 
nitrating mononitrotoluene with a mixed acid 
containing approximately 62% HgSO^, 23% 
HNO 3 water. The mixed acid is 

adtled to the mononitrotoluene at such a rate 
that the temperature of the mixture does not 
exceed After the addition of the acid the 

charge is heated to 90°C. and kept at this 
temperature until a sample of the material gives 
a setting point of approximately 64-56°C. The 
waste acid is then removed and the dinitro- 
tolueno is “ pelleted ” by allowing jets of cold 
water to impinge on a stream of the molten 
material. After further washing, in order to 
remove any residual acidity, the dinitrotoluene 
is re-melted, filtered through felt and then 
dried. Crystallisation is effected by allowing the 
molten material to cool slowly while being 
I constantly stirred. When the temperature has 
j fallen to 30-36°C., the crystals are transferred to 
a centrifuge and spun for about 30 minutes, 
during which time nearly all the impurities of 
low melting-point are removed, leaving almost 
pure 2:4-dinitrotoluene. 

Properties. —2:4-Binitrotoluene has a melting- 
point of 69-96°C. (P. do Beule, Bull. Soc. chim. 
Belg. 1933, 42, 77). Values determined by other 
authorities range from 69-9 to 70-5°C. The 
melting-points of the other isomers are given by 
de Beule as follows :— 

®C **0 

2:3 ... . 69-2 3:4 . . . 58-’6 

2:6 .. . 60-25 3:6 .. . 92-1 

2:6 .. . 66-1 

The melting-point of commercial dinitro¬ 
toluene ranges from 66 to 68 °C. The material 
occurs in yellow crystals, which are insoluble in 
water, sightly soluble in cold alcohol, but 
readily so in hot alcohol. It boils at about 
300°C. with partial decomposition. If, however, 
it is heated to about 300°0. in a closed container 
it explodes with a weak detonation. 

Trinitrotoluene (T.N.T.). 

Buring the war of 1914-18 this explosive was 
known in this country as trotyl. In other 
countries the names trolite, trilit, trinol, tritcio. 
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and tfiion have been employed, the German 
nomenclature being FiiUpulver --02 (sometimes 
abbreviated to Fp —02), 

Manupaotube. 

Trinitrotoluene is normally manufactured by 
the nitration of toluene of a high degree of 
purity, but during the war of 1914-18 “ toluene- 
petrol ” was used to an appreciable extent. The 
“ toluene-petrol,” which was a mixture of 
toluene and various naphthenes boiling about 
110°C., was obtained by distilling ” Borneo 
straight run,” which is the fraction coming over 
up to 200°C. when Borneo oil is distilled without 
a refining column. This product, on redistil¬ 
lation, yields a fraction boiling between 95 and 
115°C., containing 65-60% of toluene and is 
free from olefins and other compounds which 
would react with the mixed nitrating acid. 

Pure toluene may bo obtained by distillation 
of coal tar and by scrubbing coke-oven or town 
gas with ” gas oil.” According to a recent 
statement (Chem. Trade J. 1937, 101, 236), 
toluene can also bo obtained by heating heptane 
at 600° in the presciKie of a catalyst, the nature 
of which was not disclosed. It is stated that 
by this process the oilfields of Texas alone could 
produce 150 million pounds of toluene daily. 

Nitration.—Both intermittent and con¬ 
tinuous processes are now in use. It is preferable 
to carry out the nitration in separate stages, as 
otherwise a very large volume of strong mixed 
acids at a high temperature would be required, 
thus leading to loss of T.N.T. owing to its 
solubihty in the acids and partial oxidation. 
Furthermore, in the nitration by separate stages 
the waste acid from the final nitration can be 
used advantageously for the earlier stages. In 
the continuous processes mononitrotoluene is 
used as the raw material. 

Intermittent Processes .—Nitration of the 
toluene may be carried out in one, two or three 
stages. The nitrator usually employed consists 
of a circular cast-iron pot having a domed cover 
and provided with a mechanical stirrer, coils, 
man-hole, fume and air pipes. 

In the three-stage process described by Pascal 
(“ Explosifs, Poudres et Gaz do Combat,” 
Paris, 1925, p. 146), the toluene is first con¬ 
verted into mononitrotoluene by running mixed 
acid slowly into the toluene, the mixture being 
well agitated and cooled so as to maintain the 
temperature at 40°C. After all the acid has 
been added the mixture is heated for about an 
hour at 60°C., then cooled and the waste acid 
separated. The nitrating acid contains 28% 
nitric acid, 66% sulphuric acid and 16% water, 
1,680 kg. of this mixture being required to 
nitrate 660 kg. of toluene. The yield is from 
140 to 146% (theory 149%), The resulting 
mononitrotoluene contains approximately 33-6% 
of the ^jam-isomer, 62% of the ortho- and 4-5% 
of the meia-. 

In the second stage the mononitrotoluene 
from the previous stage is added to the nitrating 
acid, the operation requiring about 2 hours. 
The temperature is allowed to rise to 40°C. 
during the first hour and to 50°C. during the j 
second hour. At the end of this period the j 
mixture is slowly heated to 90°C. and main- 


I tained at this temperature for half an hour. The 
j dimtrotoluene is separated from the residual 
! acid while it is in the liquid condition. The 
nitrating acid for this operation contains nitrio 
acid 32%, sulphuric acid 61% and water 7%, 
the yield being about 130% (theory 133%). 

For the final operation, 100 parts of the 
dinitrotoluene from the second stage are dis¬ 
solved in 192 parts of 99*6% sulphuric acid and 
the mixture heated to 60°C. This solution is 
then gradually added to the nitrating acid, which 
contains 49% of nitric acid and 49% sulphuric 
acid, and is heated to 80-90°C. During the 
addition of the dinitrotoluene, which takes 
about 2 hours, the mixture is well agitated and 
the temperature maintained at about 105°C., 
after which it is raised to 120°C. and maintained 
at this point for 1^-2 hours. At the end of this 
period the mixture is cooled to about 80°C., 
and 12-13% of water, calculated on the mixed 
acid, is added in order to reduce the solubility 
of the T.N.T. in the acid. During this operation 
care should be taken that the temperature does 
not ex(;eed fiO'T-. The mixture is then cooled 
to 6.5'^C., when the T.N.T. crystalfises out. The 
greater part of the waste acid is then removed 
and the T.N.T. r(;-mcltod and then decanted 
from the residual acid. 

Queensferry Process .—The manufacture of 
T.N.T. was extensively studied at H.M. Factory, 
Queensferry, during the war of 1914-18, and the 
results of the investigations and methods of manu¬ 
facture are given in ” Technical Records of Ex¬ 
plosive Supply,” 1916-18, No. 2: ‘‘Manufacture 
of Trinitrotoluene and its Intermediate Products.” 
At this factory both coal tar toluene and toluene- 
petrol were nitrated. The following process 
was employed when the latter material was used. 
About 1‘3 tons of the toluene-petrol was run 
into the nitrator and then 2*6 tons of mixed 
acid containing 62*0% HgSO^, 20-9% HNOg, 
0*2% HNOg and 16*9% HgO gradually added 
while the contents of the nitrator were well 
agitated. The temperature was allowed to rise 
to 35°C., and kept at this point during the 
addition of the acid, which occupied from 3 
to 6 hours. The charge was allowed to cool 
to 30°C., and then transferred to a lead-lined 
agitator, where it was mixed with a further 
quantity of petrol in order to facihtate the 
separation of the wash water after the washing 
process. The charge was allowed to settle and 
the waste acid run ofiF. The M.N.T. was then 
washed several times with water to remove 
residual acid. The washed material was trans¬ 
ferred to a still and the petrol distilled off by 
means of steam coils. The resulting mononitro¬ 
toluene contained approximately 62% o- 
nitrotolueno, 33% jp-nitrotoluene and 4-6% 
w-nitrotoluene. 

When using coal-tar toluene as raw material, 
0-97 ton of toluene was treated with 3*2 tons of 
mixed acid, the resulting mononitrotoluene in 
this case being used for further nitration without 
additional treatment. 

In order to effect economy in acid and to 
ensure the maximum recovery of nitro-bodies, 
before proceeding to the nitrator the charge of 
M.N.T. was agitated with the spent acid from a 
previous run. This procedure was known 
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a« “ detoluation,” and was eventually divided 
int/O two stages known as “ detoluation ” and 
“ super-detoluation ” respectively. By this 
method it was possible not only to remove 
nitro-bodies and residual nitric acid from the 
waste acids, but also to make use of considerable 
quantities of weak nitric acid from the recovery 
towers. In carrying out this process the charge 
of mononitrotoluene was pumped into the super- 
detoluator together with the w aste acid from the 
detoluator at a temperature of about 50”C. 
Sufficient water was then added to reduce the 
strength of the acid to about 71% H 2 SO 4 
in order to prevent attack on the mononitro¬ 
toluene and to reduce the solubility of the 
dinitrotoluene. The mixture was continuously 
stirred and cooled until the temperature had 
fallen to about 20*^0. This occupied a period of 
about hours. The acid was then separated 
and returned to the denitrators for concentra¬ 
tion. The mixture of mono- and di-nitro- 
tolucno was then passed into the detoluator, 
into which had been run the separated acid 
from a previous nitration at a temperature of 
about 80"C. The contents of the vessel were 
stirred continuously during the addition of the 
nitro-body. The acid concentration w'as then 
adjusted by the addition of about 600 lb. of 
50% nitric acid, the temperature being kept at 
about 75-80’C. for about half an hour and then 
cooled to .^O'^C. The concentration of acid W'as 
then lowered by adding about 400 lb. of acid 
water from the first 'P.N.T. washer. After 
agitating for a ({uartcr of an hour, the stirrer 
W’as stopped and tlu'. charge allow'cd to .settle, 
the diluted acid ludrig })assed to the super- 
detoluator and the nitro-body going forward 
to the nitrator for the final stage in the nitration. 
In this stage a charge of 11,400 lb. of mixed 
acid containing 79-5% H2SO4, 17*8% HNO3 
and 2*7% water was run into the nitrator. 
After the stirrer had been started and the 
steam coils turned on, the crude dinitrotoluene 
was introduced, the temperature not being 
allowed to exceed 66 °C. until all the D.N.T. 
had been added. At this temperature the 
reaction commenced and the temperature of the 
charge was permitted to rise at the rate of 3° 
per 10 minutes until it reached 90°C., and then 
5® per 10 minutes up to a maximum of 100°C. 
This last temperature was maintained until the 
nitration was complete, as indicated by the 
setting-point of a sample of the separated 
T.N.T., a w'ct setting-point of 72*5®C. corre¬ 
sponding to a dry setting-point of 76°C. The 
charge was then cooled to 90°C. and diluted 
with 1,360 lb. of water at about the same 
temperature. After stirring for 5 minutes the 
charge was run down to the separator, where 
it was allowed to stand for half an hour. The 
separated T.N.T. was then transferred to the 
preliminary washing tank, where it was washed 
for 5 minutes with about 400 lb. of boiling 
water. After settling for a short period, the 
aqueous liquor, containing about 14% of acid, 
was separated and used to dilute the next charge 
in the detoluator, as already indicated, the 
T.N.T. being passed to the washing plant for 
removal of residual acid. The yield by this 
process was about 180-210%. 


In view of the large proportion of strong 
sulphuric acid necessary for the nitration of 
aromatic hydrocarbons by the usual methods, 
Meissner et al. (B.P. 369886) used recovered acid 
and “ oleum ” as more effective in removing 
the water formed during the reaction. A yield 
of 85-90% of T.N.T. having a melting-point of 
at least 80°C. is claimed for this single-stage 
process which, however, does not appear to have 
been much adopted commercially. 

Continuous Process .—In 1917 a continuous 
process for the further nitration of M.N.T. was 
introduced at Oldbury (B.P. 124461). In this 
process sulphuric acid (92-94%) and M.N.T 
arc fed in at opposite ends of the plant and 
emerge as T.N.T. and spent acid respectively, 
the nitric acid (90% concentration) being added 
at intermediate stages. The plant consists of a 
number of pairs of cast iron pots, one of each 
pair being provided with a stirrer and the other 
acting as a settling vessel. From the settling 
vessel or separator, the nitro-body goes forward 
to the next agitator and the acids travel in the 
reverse direction, so that the former is con¬ 
stantly meeting stronger and stronger acids. 
The vessels are fitted with coils in order that the 
temperature may be controlled as necessary. 
The maximum temperature employed is I00°C. 
A plant of this description has a remarkably 
high capacity and can be constructed so as to 
produce 500 tons of crude T.N.T. per week, 
with a considerable saving in labour and 
capital as compared with the discontinuous 
process. Using this method a yield of about 
1 ♦8-2*1 i>u.rts of T.N.T. for an expenditure of 
1*0 part of toluene and 2 * 0 - 2 ‘l parts of nitric 
acid was obtained at Oldbury during the war 
of 1914-18. 

As a result of recent improvements developed 
at Waltham Abbey (B.F. 381291, 1932) the 
continuous process for nitration of M.N.T. has 
received a fresh stimulus. The particular 
feature of the Waltham Abbey process which 
distinguishes it from its prototype at Oldbury 
is the use of open channels for the transfer of 
the liquids from one vessel to the next, thus 
obviating the possibility of blocked pipes and 
facilitating cleaning. 

Washing,—By whatever process the tri- 
nitration of toluene is carried out, it is convenient 
to separate the final product froA the acids in a 
molt-en condition; i.e. at a temperature above 
80°C. The solubility of T.N.T. in strong acids 
at this temperature is between 30 and 40%, 
so that dilution is necessary before separation. 
It is found that when the acid liquor is diluted 
so as to bring the total water content to about 
15%, the separation is reasonably complete, 
and the residual acid is strong enough for use 
in the first stage of the nitration, after suitable 
adjustment of the nitric acid content. 

The T.N.T. at this stage is still contaminated 
with residual mineral acids, together with some 
dinitrotoluene, unsymmetrical trinitrotoluene, 
tetranitromethane, nitrobenzoic acids and 
nitrocresols. The mineral acids are fairly easily 
removed by washing, but the nitrobenzoic aciew 
and nitrocresols, being soluble in the T.N.T., are 
not so readily extracted by water. In the early 
days of its manufacture as much as 5,000 gaUont 
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of water per ton of T.N.T., in twelve or more 
applications, was found to be necessary in order 
to reduce the total acidity of the product to 
below 0-03% (as H 2 SO 4 ). A considerable im¬ 
provement in efficiency was obtained by means 
of a continuous washing process w’orked on a 
counter-current principle similar to that em¬ 
ployed in the continuous nitration process. This 
process was developed at H.M. Factory, Oldbury, 
in 1917 (B.P. 125140). 

Early attempts to remove residual acid by 1 
treatment with soda, on the lines used for 
wasliing nitroglycerin, were quickly abandoned 
when it W'as found that under the action of 
alkalis the crude T.N.T. was partially de¬ 
composed. According to Will (Ber. 1914, 47, 
711), sensitive dinitro-cresylates are formed by 
the action of alkalis on the and y-trinitro- 
toluones present as impurities in the crude 
product. 

The use of mildly alkaline salts such as sodium 
acetate and sodium formate for removing 
organic acids during the hot washing was found 
to be beneficial at Queensferry and at Oldbury 
during the period 1914-18. A “ pelleting ” treat¬ 
ment was also introduced as a preliminary to the 
hot w^ashing. In this process the molten T.N .T. is 
subjected to the action of a jet of cold water 
whereby it is broken up into a finely divided 
solid condition from which the mineral acid can 
be very easily washed. The organi(; acids, 
being soluble in the T.N.T., can only be removed 
when the latter is in a molten condition. 

The washed T.N.T. still contains suspended 
impurities consisting normally of sulphates of 
iron and lead together with the so-called 
“ transformation product ” of T.N.T., resulting 
from its contact with basic substances. The^se 
impurities are removed by filtration through 
cloth before passing to the dryers. 

The T.N.T., as it leaves the washing plant, 
contains water to the extent of about 1 % in 
solution, together with a further 0*5% in the 
form of an emulsion. Nearly the whole of this 
water can bo removed by merely heating the 
T.N.T. in a tank to a temperature of 110 - 120 °C. 
for a period of 2-3 hours. Agitation by means 
of compressed air reduces the drying time 
somewhat, but it is not found to bo essential. 
In another method, which obviates the necessity 
for maintaining large quantities of T.N.T. at a 
high temperature for long periods, the molten 
material, after a preliminary settling in the first 
tank, is allowed to flow in a thin film about 
^ in. in thickness along a wide, shallow iron 
channel heated by steam at 30 lb. pressure. 
The dried T.N.T. was originally cast into cakes 
in shallow trays, a procedure w'hich is still 
followed in some factories. The solidified 
material is tipped out of the trays and broken 
up with a wooden mallet into pieces of a suitable 
size for packing. In America the molten T.N.T. 
was cooled in a circular trough with rotating 
ploughs to break up the material as it solidified. 
l?he most convenient procedure, however, and 
the one most used in this country, is to pass the 
T.N.T. through a flaking machine. In this 
process a film of T.N.T. is picked up by a water- 
cooled bronze drum rotating partially immersed 
in a trough of the molten material. As the 


drum rotates the solidified film is scraped off in 
the form of flakes by a fixed bronze knife-edge. 
The flakes are fed directly into bags for weighing 
and packing. Precautions are taken to avoid 
the dissemination of dust by enclosing the 
whole of the flaking machine in a metal shield 
provided with a fume pipe connected to the 
ventilating system. The moisture content of 
the T.N.T. is considerably reduced during the 
flaking process and a further appreciable 
loss of moisture from the solid flaked T.N.T. 
frequently occurs during the first fc'vv days’ 
of storage. 

Purification.—The crude T.N.T. produced 
as above may be used for many industrial and 
military purposes without further purification. 
It (‘onsists essentially of a or 2:4:r>-trinitr()- 
toluene together with small quantities of the ^ 
(or 2:3:4') and y (or 2:4:5-) trinitrotoluenes, 
together witli traces of the less easily nitrated 
dinitrotolucnes, namel}’ the 2:3-, 2:5- ami 
3:5- bodies, 'fhe presence of these impurities 
results in an oily exudation from the surface of 
east blocks of tiie crude T.N.T., thus rendering 
the material unsuitable for use in that form as a 
filling for shells, etc., owing to the possibility 
of the exuded oily mattiT contaminating the 
initiating charge, and thus tending to prevent 
detonation. Furthermore, the presence of 
isomers of a-T.N.T. is objectionable if the 
material is to bo used with impure ammonium 
nitrate in the manufacture of amatol. Im¬ 
purities Hucli as pyridine and thiocyanates, 
which may occur in ammonium nitrate from 
certain sources, react at comparatively low 
temperatures with the asymmetric isomers of 
T.N.T. Although in the case of 80/20 amatol 
the efi'ect is of little im])C)rtance, this aspect of 
the question is more serious in the case of 50/50 
and 40/00 amatols where the temperature of 
manufacture is rtdatively higli. For the ]>ro- 
duction of these explosives, therefore, it is 
necessary that either the T.N.T. or the am¬ 
monium nitrate should bo of a high degree of 
purity. Other imj)uritio 8 which may be present 
include tetranitromethane (which contributes a 
pseudo-nitro odour to the crude explosivcO and, 
if the toluene used is not pure, compounds such 
as dinitro- and trinitro-benzene. According to 
K. Schmitt (M 6 m. Poudres, 1937, 27, 131), 
asymmetric trinitrobonzoic acids are also 
present, while the wash w'atcr contains 2:4- 
dinitro-5-hydroxybenzoic acid together with 
the corresponding 3 -hydroxybcnzoic isomer, and 
its trinitro derivative, 2 : 4 : 6 -trmitro-hydroxy- 
benzoic acid. The lead salts of these latter 
compounds detonate violently. 

In the early days of its manufacture, T.N.T. 
was purified by crystallisation from organic 
solvents, a mixture of alcohol (90 parts) and 
benzene (10 parts) being found most suitable for 
this purpose. This process was expensive and 
involved considerable risk of fire owing to the 
quantity of inflammable solvent used. A 
number of explosions occurred during the distilla¬ 
tion of alcohol from T.N.T. residues in the early 
years of the war of 1914-18, one factory being 
completely destroyed. Other solvents, such as 
benzene and toluene, have been used to a 
certain extent, and U.S.P. 1936607 proposes the 
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use of a mixture of carbon tetrachloride and 
ethylene dichloride in order to eliminate the fire 
risk. Washing the ground crude T.N.T. with 
cold alcohol was found to remove a large 
proportion of the impurities, and this method 
was used to a considerable extent at one 
time. In 1916, Roberts and Stuart patented 
a process of recrystallisation from raono- 
nitrotoluene (B.P. 7047), the mother liquor 
containing the impurities being used as the 
raw material for the next nitration. This 
process appears to have been based on the 
incorrect assumption that the bulk of the im¬ 
purities consists of lower nitration products, 
and ignores the concentration of unsymmetrical 
trinitrotoluenes which would gradually 
accumulate in the residues. 

Other purification processes included 
crystallisation from sulphuric acid or from 
residual nitration acids, (^old washing of the 
ground material with sulphuric acid effected 
appreciable improvement in the purity, but 
was found to be unduly wasteful of acid. By 
centrifuging coarsely ground T.N.T. whilst a 
stream of warm water was directed on to it, 
the low melting impurities were removed to a 
considerable extent. This process was even 
more ofifective if the T.N.T. was first melted wdth 
phenol and allowed to cool. The phenol formed 
a eutectic with the impurities which was 
removed by centrifuging followed by water- 
washing. T.N.T. having a melting-point of 
80°C. was obtained by this method. A process 
employed by one factory for a short time 
consisted in treating the crude T.N.T. with 
sodium hypochlorite during the hot washing. 
This method of purification, how^ever, only 
raised the setting-point by about 1-1 |°C. 

The above purification processes are now 
largely superseded by the sodium sulphite treat¬ 
ment which was first introduced in 1916. This 
method depends upon the reaction between 
sodium sulphite and the unsymmetrical isomers 
of T.N.T., in w hich one nitro-group is replaced 
by a sulphonic acid group. The sodium salts of 
the resulting sulphonic acids are readily soluble 
in water, forming a deep red solution, and are 
easily removed by washing. The symmetrical 
or a-T.N.T. is itself attacked by sodium sulphite 
to an extent depending on the temperature, 
but the decomposition is very slight as compared 
with that of the unsymmetrical isomers. Tetra- 
nitromethane and trinitrobenzene (if present) 
are also removed by the sulphite treatment, 
but dinitrotoluene and dinitrobenzene are not 
affected. It is necessary, therefore, in order 
to obtain a high grade product, to ensure that the 
crude T.N.T. is fully nitrated. kSodium sulphite 
of suitable quality is obtained as a by-product in 
the manufacture of synthetic phenol. 

As originally developed in France and 
employed for many years in other countries, 
the sulphite purification of T.N.T. is carried out 
by washing the finely divided solid with a cold 
neutral solution of sodium sulphite. In order 
to obtain the best results by this procedure 
it is necessary to bring the crude T.N.T. into a 
condition in which the impurities are oon- 
centratedi as far as possible, on the surface of the 
crystals. This is effected by stirring the fused 


explosive under hot water, cooling being allowed 
to take place slowly. J. MeCif (Chim. et Ind. 
1933, Special No., 952) recommends that the 
molten T.N.T. should be poured into an equal 
weight of water at 90°C., and that the mixture 
should be cooled at the rate of 1°C. in 3 minutes, 
with suitable agitation. For economical work¬ 
ing the sulphite solution is added when the 
mixture has cooled to about 40°C. Time can be 
saved by sulphiting at higher temperatures up 
to 60°C., but the attack on the a-T.N.T. is 
correspondingly increased. The solution of 
sodium sulphite contains about 6-10% of 
I NUaSOg and is used in sufficient quantity to 
I give 4-5% of Na 2 S 03 on the weight of crude 
I T.N.T. present. After stirring for half an hour 
I the red aqueous liquor is run off and the residual 
T.N.T. washed with water and dried. Washing 
with dilute sulphuric acid (1-2%) has been 
found beneficial in order to remove traces of 
alkali formed during the sulphite treatment, the 
T.N.T. being re-melted for this purpose. The 
loss in the purification is usually about 7-8% 
of the original crude T.N.T. 

In 1932 a method of purifying T.N.T. in the 
molten condition by means of sodium sulpliite 
was patented by Imperial Chemical Industries, 
Ltd. (B.P. 382322), thus obviating the loss of 
time and power previously occasioned by the 
solidification of the T.N.T. before sulphiting 
followed by a subsequent re-melting for washing 
and drying. In this process, the heavy loss of 
a-T.N.T. hitherto associated with the use of 
sodium sulphite at temperatures above 40-46°C. 
is controlled by the addition of mildly acid 
materials such as boric acid, or sodium acetate 
mixed with acetic acid, or mixtures of sodium 
mono- and di-hydrogen phosphate. The action 
of the sulphite on the unsymmetrical isomers is 
appreciably retarded by strong acids, and it is 
found that to obtain the greatest degree oi’ 
purification accompanied by the minimuni 
loss of a-T.N.T. the value of the liquid must 
be maintained between 7-0 and 8*3. An example 
of tliis treatment is as follows: 

The crude T.N.T., washed until practically 
neutral, is mixed with an equal weight of an 
aqueous solution containing 4% of sodium 
sulphite, 3% of NaoH PO and 1% of NaHgPO^, 
the whole being well stirred at a temperature of 
about 80°C. for 20-30 minutes. The mixture is 
then settled, and the sulphite liquor containing 
the impurities is removed. A further treatment 
with fresh sulphite solution may be given if the 
maximum possible purification is desired. 

The T.N.T. is then washed with water until 
the effluent is practically colourless. It is 
finally dried and flaked in the usual manner, or 
alternatively is run into shallow trays and 
allowed to solidify. 

Provided that pure toluene is used, and that 
the nitration has been carried to completion, it is 
possible by the use of the sulphite purification 
process to obtain a product which is almost 
colourless when in the form of small crystals, 
or of a pale cream colour when flaked, having a 
setting-point of 80*6-80*6°C. 

Liquid Trinitrotoluene. —The nitrated pro¬ 
duct recovered from the solvent used in the 
recrystallisation of crude trinitrotoluene, a thick 
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brown syrup consisting essentially of a mixture of 
and y-trinitrotoluenes, dinitrotoluene and a 
little mononitrotoluene, has been used in certain 
plastic explosives under the name of “ liquid 
trinitrotoluene.” A liquid product obtained by 
the direct nitration of crude toluene has also 
l>een used under this name. It is of similar 
composition, except that it contains more 
o-T.N.T. and some un-nitratcd hydrocarbons. 

Specifications. 

The most convenient criterion of the purity of 
T.N.T. is the setting-point, this being more 
reliable than the melting-point under ordinary 
conditions of inspection. For purposes of plant 
control the setting-point of the wet material 
may bo used, allowance being made for a ri.se 
of approximately 3-7"0. when the material is 
drit'd. In the early days of the war of 1914-18 
the minimum setting-point of T.N.T. for 
Service use was SO'^C., but when it wa.s found 
that crude T.N.T. could be used satisfactorily 
in the manufacture of amatol ( 9 .?’.), a minimum 
setting-point of 74*^C. was fixed for the lower 
grade. Later, owing to excessive “ exudation ” 
from charges containing this material, the 
minimum setting-point was raised to 76^'C. 
An intermediate grade having a minimum 
setting-point of 79'5”C. was also introduced to 
provide for material purified by the cold 
alcohol washing process. These three grades 
provided for all Service requirements of T.N.T. 
during the remainder of the war. Other 
specification limits for the crude material 
wore : volatile matter 0-25%, acidity 0-03% 
calculated as H 2 SO 4 , organic matter insoluble 
in benzene 0*1%, ash 0-1%. The material was 
also required to be free from grit and to yield a 
clear liquid when molted. 

Typical American specifications were as 
follows: 

” Grade. A . Mef ned .—The trinitrotoluol must i 
be a high-grade material, made from a suitable j 
quality of raw materials. It must be thoroughly 
purified by recrystallisation from an approved I 
solvent, so that the finished product shall have 
the following characteristics. The material 
must be in the form of a slightly yellow, fine and 
uniform crystalline powder. At least 99% must 
pass through a sieve of 12 meshes to the linear 
inch. No odour of any by-product or crystal¬ 
lising agent may be present. It shall have a 
m.p. of at least 79”C. It shall be free from 
acidity, and shall not show more than traces of 
metallic salts or residual solvents. The average 
moisture of a lot shall not be greater than 0 * 1 %. 
The average ash of a hjt shall not be greater than 
0*1%. It shall not contain more than 0*15% 
of material insoluble in alcohol. It shall con¬ 
tain no free toluol, or impurity giving a nitric 
acid reaction with a sulphuric acid solution of 
diphenylamine. It shall contain not less than 
18*20% of nitrogen as determined by Dumas’ 
combustion method. It shall give a heat test 
of at least 30 minutes at 65'5°C. with potassium 
iodide starch paper. 

“ Grade B. Crude .—The trinitrotoluene must 
bo a high grade material made from a suitable 
quality of raw materials. It shall be a yellowish, 
uniform crystalline powder of such fineness 


that at least 90% will pass a sieve of 10 meshes 
per linear inch. It shall have a m.p of at least 
75*6®C. It shall be free from acidity. It shall 
not show more than traces of metallic salts. 
The conditions as to ash, moisture, solubility 
in alcohol, freedom from toluol and from 
products giving a reaction with diphenylamine 
are the same as for the refined product. It shall 
contain not less than 18% of nitrogen as deter¬ 
mined by Dumas’ combustion method.” 

Chemical and Physical PnorEKiTES. 

a-T.N.T. crystallises from alcohol in sulphur- 
yellow or nearly colourless needles, the crystals 
being prismatic and monoclinic. )3-T.N.T. 
crystallises in thin })lates, asymmetric in 
formation, and y-T.N.T. forms rliombohedral 
crystals from acetone. When a-T.N.T. is 
freshly sublimed in the dark, tlie material 
is quite colourless. When pure it is odourless 
and practically insoluble in cold water. It is 
shghtly soluble in lK)t water, and readily so in 
hot alcohol, light petroleum, benzene, acetone 
and other organic solvents. In carbon di¬ 
sulphide, however, it is soluble only to the 
extent of 0-4% in the cold, which facilitates its 
separation from certain other nitro-bodies in the 
analysis of composite explosives. It dissolves in 
concentrated sulphuric acid at 90-100°C., and 
separates unchanged on cooling. According to 
Carlton Smith (” Trinitrotoluenes,” London, 
1918), the specific solubilities of a-T.N.T. 
ar (5 as follows : cold water 0 * 02 % ; cold 
alcohol 1T)% ; hot alcohol 10-0% ; cold 
concentrated sulphuric acid 6 * 6 % ; hot con¬ 
centrated sulphuric acid, very soluble. The 
solubilities of the and y-iaomers are similar, 
with the exception that in hot alcohol they aro 
somewhat less soluble than the a-body. 

The melting-point of a-T.N.T. was formerly 
given as 82”C., but this figure is undoubtedly too 
high. Comey states that it is 80-6-80’6°C. 
(Chem. News, 1910, 101. 277); Molinari and 
Giua give 80*()5°C. ; Jlintoul 80'8—80*86°C. 
(d.S.C.I. 1915, 34, 60) ; and P. de Beulo 80-85°C. 
(BuU. Soc. ohim. Belg. 1933, 42, 77). 

Langenscheidt (examined the melting-points of 
mixtures of a-T.N.T. with a-dinitrotoluene. 
Starting with 100% dinitrotoluene, melting at 
69-5°C., ho found a eutectic at equimolecular 
proportions of the two bodies, melting at 46°C., 
the figure given for 100% T.N.T, l>eing 
80-4‘’C. 

Crystals of a-T.N.T. have an absolute density 
of 1*654, the density of the solidified mass 
after fusion being 1(). On pressing the loose 
material, a density of 1*32 is obtained at 250 
atmospheres, rising to 1 *62 at 3,500 atmospheres. 
According to Biehel (F.P. 369371, 1906), it is 
possible to obtain a density of 1-69 by melting 
the explosive in a closed vessel, evacuating to 
remove all air bubbles, and then cooling rapidly 
under compressed air. 

T.N.T. is a very stable explosive. Verola 
found that after heating it for 100 hours at 130°C. 
the setting-point of pure T.N.T. was unaffected, 
while 177 hours at 150°C. lowered the setting- 
point from 80-75 to 79-8°C. (M 6 m. Poudres, 
1911-12,16, 40). The same worker found that a 
slow evolution of gas began at 160°C., increasing 
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to a volume of 200 cu. mm. per minute at 217°C., 
from 6 g. of material, and rapid (explosive) 
decomposition ensued at 281-286°C. 

Effect of Light .—On exposure to light, pure 
T.N.T. darkens in colour and undergoes pro¬ 
gressive decomposition. Milani, using T.N.T 
having a setting-point of 80-4''C., and containing 
0*03% of matter insoluble in acetone, found 
that after exposure of the material to sunlight 
for a long period the setting-point fell to 79*0“C. 
and the percentage of insoluble matter rose to 
()-l%. Molinari and Giua also found that after 
exposure of T.N.T. in a glass tube to dayhght for 
three months, the setting-point fell from SO-C^C. 
to 74°C. If, however, the exposure took place 
for the same period in an evacuated scaled tube, 
the effect was not so pronounced, the setting- 
point falling only 0*6°C. 

Krauz and Turok (Z. ges. Schiess- u. Spreng- 
stoffw. 1925, 20, 49) investigated the decom¬ 
position products formed when T.N.T. is exposed 
to light and concluded that both picric and 
trinitrobenzoic acids were produced. Eurther- 
more, they state that T.N.T. is rendered more 
sensitive to shock after exposure. Their 
results, however, are adversely criticised by 
Wickert and Thansau (ibid. 1925, 20, 69), who 
consider that the presence of the above com¬ 
pounds has not been established. These 
latter authorities refer to the work of Schulz 
and Ganguly, who found a mixture of 4-nitro-2- 
nitro80-l-niethoxy-5*6 - benzoquinone - 6 - oxime 
and the isomeric 3*6-benzoquinone-6-oximo in 
the decomposition yiroducts. It was also found 
that the exposed T.N.T. was sensitive to 
shock than the original material. 

Action of Alkalis and Metallic Compounds .— 
T.N.T. has an advantage over picric acid as an 
explosive, in that it does not combine with 
metals and, generaUy, has no acid properties. 
It is attacked, however, by alkalis and certain 
basic metallic compounds. Ryan and O’Riordon 
(Proc. Roy. Irish Acad. 1918, 34, 175) 

found that an aqueous solution of sodium 
carbonate reacts with a-T.N.T., giving rise to 
hexanitrodiphenyl, whereas the p- and y- 
isomers yield dinitrocresols. Aqueous ammonia 
reacts with a-T.N.T., forming brown complex 
products, but the jS- and y-bodies yield dinitro- 
toluidines. 

Brunswig (Z. angew. Chem. 1923, 36, 75) 
states that when symmetrical T.N.T. is boiled 
with alcohol in the presence of sodium carbonate, 
the resulting product deflagrates at about 23PC., 
as compared with 290°C. for the original 
material. 1 f lead oxide is substituted for sodium 
i;arbonato under similar conditions, no action is 
stated to take place in the case of a-T.N.T., 
but both the jff- and y-isomers form lead dinitro- 
cresylates. 

Isomeric Trinitrotoluenes.— The properties 
of the five asymmetric trinitrotoluenes have been 
examined by P. de Beule (Bull. Soc. chim. Belg. 
1933, 42, 77). He gives their melting-points 
as follows: p (or 2:3:4-) 110-3®C. ; y (or 
2:4; 5-) 102*3°C. ; € (or 2 : 3 :6-) 96-2°C. ; rj (or 
2:3:6-) 109-8°C. ; and S (or 3:4:5-) 132°C. 
Somewhat higher temperatures are quoted by 
Coparisarow for the melting-points of these 
compounds, as follows : 2:3:4 112°C. ; 2:4:6 


104°C. ; 3:4:6 137-5°C. ; 2:3:5 97-2°C. ; 2:3:6 
IIPC. (J.S.C.I. 1916, 34, 1118). 

A series of colour reactions for distinguishing 
the various isomers is given by Marqueyrol, 
Koehler and Jovinet (M6m. Poudres, 1921, 18, 
66 ). This method is very sensitive. 1 ml. 
of a 0-01% solution of the nitro-compound in 
alcohol is added to 4 ml. of acetone, and 
followed by one drop of sodium hydroxide 
solution (2A-). a-T.N.T. gives a wine-red colour 
immediately, fading to a pale rose in 45 minutes. 
The p-iBomcr gives an intense green colour, the 
y- a blue-violet and the tj- a “red currant” 
tint. The colour reactions of other nitro 
derivatives of toluene are also given, notably 
the intense violet given by 3:5-dinitrotoluone. 

Explosive Properties. 

On application of a flame, T.N.T. bums with a 
hot but very smoky flame. It ignites more 
readily than picric acid, the ignition-point being 
about 260"C. It cannot be exploded by flame 
alone in the open, and only quite locally by very 
strong percussion, but can be readily detonated 
by means of mercury fulminate. As much as a 
ton has burned away quite quietly in a con¬ 
flagration, and a rifle bullet may be fired through 
a sohd mass without causing explosion, but 
disastrous explosions have occurred when very 
largo quantities have been involved in a fire. 
It may be detonated in tho powdered or finely 
crystalline form by means of a No. 3 detonator 
(containing 0’54 g. of fulminate composition), 
but when fused into a solid block it requires 
priming, either with some of the loose powder, 
or with some other explosive such as “ tetryl ” 
(v. See. VI, p. 485rx). The velocity of detona¬ 
tion depends on the density of charge (or 
degree of compression). The loose powder 
detonates with a velocity of 4,100 m./sec., 
while at a density of 1-3 the velocity is 6,200 
m./sec. Avogadro (Mem. de I’Art. fran^aise, 
1931, 10, 875) gives a figure of 6,700 m./sec. 
at a density of 1‘58, thus approaching that 
of picric acid, wdiich is given as 7,100 m./sec. 
at a density of 1*69. 

T.N.T. fulfils in a high degree the requirements 
of a military high explosive. The desirable 
properties are that it should be very powerful, 
but that its effects should not be too shattering 
or local, that it should be safe to handle, 
transport and store under normal conditions of 
use (including those of a ship’s magazine in a hot 
climate), that it should bo chemically stable 
under all storage conditions, that it should be 
capable of certain and complete detonation, 
both in small and large shell, imder suitable 
impulse, but that it should be sufficiently 
insensitive to withstand the shock of discharge 
when fired in a large shell at full range. 

T.N.T. is deficient by 65-9% in oxygen for the 
complete combustion of its carbon and hydrogen, 
and by 22% when its carbon is burned to mon¬ 
oxide. As a result of this, even when detonated 
completely, free carbon is liberated in the form 
of thick black smoke. 

When 10 g. of T.N.T. were fired in a standard 
lead block, the expansion was 216 ml., the 
corresponding figure for picric acid being 228 ml. 
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(Avogadro gives 310 and 350 ml. respectively, 
for proportionately larger charges.) 

Shells and bombs are usually filled with 
T.N.T., as with picric acid, by melting the 
compound and allowing it to solidify in the shells. 
Bichel (F.P. 357925, 1905) proposed to obtain a 
high density of charge in shells, mines and 
torpedoes by cementing together blocks of 
compressed T.N.T. by means of the fused 
material. The detonation of such compact 
charges is facilitated by the use of some of the 
loose mateiial as a primer. 

Uses. 

T.N.T. is extensively employed for military 
purposes as a bursting charge lor shell, bombs, 
etc., either alone or mixed with other explosives. 
Jt was first used for such purposes in 1904 by the 
Germans, who at a later date phlegmatised it 
Avith paraffin or other wax in order to decrease 
its sensitiveness when fired against armour 
plate as used in warships. Jt is also a con¬ 
stituent of many ammonium nitrate “ safety ” 
explosives, in which it has replaced the dinitro¬ 
benzene which was formerly more common in 
such mixtures. For such purposes T.N.T. is 
more powerful, and has the added advantage of 
being less toxic than dinitrobenzene. The 
explosive properties of such mixtures are 
sometimes improved by the addition of nitro¬ 
glycerine and a little wood meal, as in the 
German explosive “ Aatralite.” 

F. Olson (U.S.P. 1758169) proposes various 
mixtures for use in armour-piercing projectiles 
consisting of T.N.T. 65%, guanidine nitrate 
‘h'5% ; T.N.T. 69%, guanidine picrate 31% ; 
and T.N.T. 77%, nitroguanidine 23%. It is 
stated that a mixture of T.N.T. and guanidine 
nitrate in cquimolecular proportions can be 
easily and safely loaded into shell by the 
casting method, at temperatures below 100°C. 
A charge of this description is claimed to be 
sufficiently insensitive to shock to permit 
the penetration of armour when filled into 
armour-piercing projectiles, although it can bo 
readily detonated by the ordinary fuze and 
exploder system. If the above proportions arc 
varied to any considerable extent by increasing 
the amount of guanidine nitrate, the charge 
cannot bo cast satisfactorily, and detonation 
becomes difficult. On the other hand, if the 
proportion of T.N.T. is increased beyond rather 
narrow limits, the charge becomes too sensitive 
to withstand the shock of impact against armour 
plate. 

Other mixtures formerly j>ropo8ed for filling 
shells and torpedoes include “ Plastrotyl," 
patented by Bichel in 1906 (F.P. 369661). This 
w'as made by mixing T.N.T. with a solid or 
liquid resin, such as copaiba balsam or larch 
turpentine, with or without the addition of 
dinitrotoluene and collodion cotton. Rudeloff 
and AUendorff prepared “ Triplastit ” (G.P. 
201306, 1906), having a density as high as 2-5, 
by mixing T.N.T. with a jelly prepared from 
dinitrotoluene and soluble dinitrocellulose, 
heating slowly to about 80°C. and incorporating, 
as an oxygen carrier, a mixture of potassium 
chlorate and lead nitrate. 

T.N.T. has also been used to a considerable 


extent in detonators. It is employed either 
alone, with a priming of mercury fulminate, or 
as an ingredient in detonating compositions. 
It is stated, for example, that in a No. 7 detona¬ 
tor the 1*5 g. of fulminate can be replaced 
advantageously by a mixture of 0*7 g. T.N.T. and 
0*5 g. fulminate. 

A further important \iHe oi T.N.T. is as a 
constituent of Amatol {q.v.). 

Pursior-OGiCAL Effjscts. 

T.N.T., in common with other nitro-cxplosives. 
is liable to give rise to various bodily disorders 
in workers who handle it or are exposed to its 
vapours without adequate precautions. The 
lower nitrotoluencs have toxic properties and 
usually cause a very irritant dermatitis, although 
some persons are more or less immune. The 
poisonous character and irritant properties of 
crude T.N.T. have been stated to be due largely 
to the lower nitro-impurities, especially dinitro¬ 
toluene, but fatal cases of poisoning have boon 
attributed to the presence of tetranitromethane. 

T.N.T. poisoning may take any of the following 
forms : dermatULs, caused by actual contact 
with the bulk material or dust ; (jeneral 'poison¬ 
ing^ of which the symptoms are loss of appetite, 
vomiting and constipation ; toxic jaundice^ 
in which the whole of the body becomes yellow 
as a result of long continued action of T.N.T. 
on the liver ; and nnfvrnia, resulting from the 
action of T.N.T. on tlio rod blood ijorpuscles. 
Individual susceptibility to the poisoning action 
of T.N.T. varies enormously, some workers being 
apparently completely immune, Avhilo others 
are so sensitive that they cannot be employed 
on T.N.T. Avork. 

The incidence of poisoning cases can bo 
reduced to a minimum by careful attention to 
personal hygiene, and general factory pre¬ 
cautions to prevent unnecessary handling of the 
T.N.T. or of objects contaminated with it, 
together with proper control of dust. 

It Avas the practice at one time to require 
T.N.T. workers to drink milk at intervals 
during their Avork, as a safeguard against 
poisoning. The A^alue of this precaution is open 
to some doubt in view of the fact that T.N.T. 
is more soluble in milk fat than in aqueous 
fluids, but any aj)parcMit benefit resulting from 
its use is probably duo to a general strengthening 
of the body’s resistance to disease owing to 
improved nutrition. 

Any cases of poisoning that may arise in spite 
of all precautions should be treated by immediate 
removal from the source of contamination, 
followed by suitable medical treatment. A 
weekly medical inspection will assist in detecting 
cases of incipient poisoning which might 
otherwise develop into a dangerous condition. 
Other precautions include the provision of 
masks, gloves and frequently laundered overalls 
for such workers as may be exposed to con¬ 
tamination. 

Testing. 

Setting-point .—About 50-100 g. of the 
sample of T.N.T. are melted in a porcelain dish 
and dried in a boiling water oven for 2 hours. 
At the end of this period the T.N.T. is poured 
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into a test-tube, whicb is then closed with a 
cork carrying a wire stirrer and a thermometer 
graduated in tenths of a degree. The whole 
assembly is fitted by means of a cork into a 
boiling tube which is itself similarly fitted inside 
a larger glass vessel. Stirring is started at 
once and is continued until the slowly falling 
temperature begins to rise again. The maximum 
temperature thus attained, at which the ther¬ 
mometer remains steady for some time, is 
recorded as the setting-point. Warm water may 
be used in the outer vessel to reduce the heat 
losses if found desirable owing to the small 
amount of sample available. 

InsoliMe Residue .—From 10 to 20 g. of the 
T.N.T. arc extracted with b(‘nzene or other 
.solvent, as required by the specification con- 
eerned. The extraction may he carried out in a 
tSoxhlct apparatus, r)r the material may be 
Avashed directly on a tared filter. 

Ash .—The ash may be estimated directly by 
igniting about 5 g. of the T.N.T. in a tared 
(crucible, or it may be obtained by ashing the 
insoluble residue from the previous estimation. 
In the direct method the T.N.T. is moistened 
with sulphuric acid to reduce the violence of 
the combustion and is ignited from the edge of 
the crucible by means of a small Bunsen flame. 

Acidity .—From 10 to 20 g. of the T.N.T. are 
stirred vigorously witli boiling neutral distilled 
water for about 5 minutes or until the T.N.T. 
solidifles. The a(iucous extract is decanted off 
and the operation is repeated with a further 
quantity of water. The extracts are finally 
mixed and titrated with sodium hydroxide 
solution, using phenolphthalein as indicator. 

Volatile Matter .—This may be estimated by 
exposing a, sample of about 5 g. in a vacuum 
desiccator, or mon’s conveniently by heating on 
a covered water hath for 2 hours in a special 
aluminium dish ('overod with a glass cone as 
used for determination of volatile matter in 
cordite {v. Vol. Ill, ]). 3fi3c). 

Trinitroxylene.—This explosive, usually 
mixed with trinitrotoluene, has been used to 
some extent as a bursting charge for shell. 

Manufacture ..— Commercial xylene, which 
contains the three iHomers in approximately the 
following proportions, meta- 65%, ortho- 10% 
and para- 25%, is diflic iilt to nitrate, and the 
resulting yuoduct contains only about 85% of 
trinitroxylene, the remainder being a mixture of 
mono- and dinitro-dcrivatives. If further 
nitration is attempted a considerable amount 
of oxidation occurs and the yield is reduced. 

If wetoxylene alone is nitrated the resulting 
ywoduct is of a higher degree of purity and the 
yield is more satisfactory. 

It is not possible to separate the isomers by 
fractional distillation and in France metaxylene 
is obtained by treating commercial xylene with 
93% sulphuric acid at a temperature of 46-60°C., 
whereby the ortho- and weta-isomers are 
Bulphonated, whereas the para-isomer is un¬ 
affected. After this latter body has been 
distilled off, water is added to the residue and 
the mixture heated to 135°, when the meta- 
sulphonic acid is decomposed with regeneration 
of wctaxylene, which can be separated from the 
unchanged ortho-sulphonic acid by distillation. 


Nitronaphthalenes. 

Mononiteonajphthalbnb. —^There are two iso¬ 
meric nitronaphthalenes, a and but the one used 
in the explosive industry consists almost 
entirely of the a-isomer. 

Manufacture .—Nitration is carried out in a 
similar manner to that employed for aromatic 
compounds generally. 100 kg. of naphthalene 
in the form of powder are gradually added with 
constant stirring to a mixture of 80 kg. of nitric 
acid (sp.gr. 1-4) and 100 kg. of sulphuric acid 
(sp.gr. 1-84), the temperature not being allowed 
to rise above 50°C. After the addition of the 
naphthalene has been completed the tempera¬ 
ture is raised to about 70°C., when on standing 
the nitronaphthaleno separates as a dark-red 
oil. After removal of the waste acid the product 
is well washed with hot water and then poured 
into cold water which is well agitated by means 
of compressed air. 

Properties .—Commercial raononitronaphtha- 
lene occurs in yellow crystals having a specific 
gravity of 1-33 at 4°C. It melts at about 64- 
61°C. and boils at 304°C. It is readily soluble in 
ether, hot alcohol, benzene and carbon di¬ 
sulphide. 

If suddenly heated it explodes mildly and it 
requires a very powerful initiator to detonate it. 
It is not used alone as an explosive but serves 
as a combustible and adsorbent in admixture 
with other explosive compounds. A mixture 
containing 30% mononitronaphthalcne and 
70% of picric acid has been used in France 
under the description M.M.N. 

DinitkoNAPHTHALENE. —(Commercial dinitro- 
naphthalonc consists essentially of the 1:8 (/9) 
and 1:5 (a) isomers in the proportions of about 
70% of the former and 30% of the latter. 

Manufacture .—Dinitronaphthalene can he 
prepared by the direct nitration of naphthalene, 
but it is preferable to nitrate in two stages. 

400 kg. of mononitronaphthalene in coarse 
pieces are added gradually during a period of 
3-4 hours to 1,160 kg. of mixed acid containing 
61% H2SO4, 26-5% HNO3 and 22-5% HjO. 
The temperature is allowed to rise to 38-45° and 
is maintained at this point during the addition 
of the mononitronaphthalene, the mixture being 
continuously stirred. After the whole of the 
nitronaphthalene has been added the tempera- 
is raised to 55° for a period of one hour. After 
cooling to 40°C. the dinitronaphthalene is filtered 
off and washed, first with waste acid and then 
several times with cold water. Finally, it is 
washed with hot water and then dried. 

Properties .—Technical dinitronaphthalene 

occurs in the form of a greyish-yellow powder, 
slightly soluble in alcohol, but readily soluble in 
benzene and acetone. It melts between 130 and 
165°C. 

Uses .—Dinitronaphthalene is employed in 
France in the manufacture of Grisounites, e.g. 
Orisou naphthalite-roche containing 91*6% 
ammonium nitrate and 8*6% dinitronaphthalene, 
and as a shell filling in admixture with 80% 
of picric acid under the description M.D.N. 

Schneiderite, also used as a shell filling by the 
French, contained 87-88% of ammonium nitrate 
and 13-12% of dinitronaphthalene with which 
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was sometimes incorporated resin, sodium 
nitrate or trinitronaphtnalene. 

Tbinitbonaphthalene {Naphthite). —Com¬ 
mercial trinitronaphthalene consists of a mixture 
of a number of isomers in approximately the 
following proportions: 66% 1:3:8, 23% 1:2:5, 
13% 1:3:6 and 8% 1:4:5 trinitronaphthalene. 

Manufacture. —According to Colver (“ High 
Explosives,” London, 1918, p. 268), trinitro¬ 
naphthalene can be prepared by intimately 
mixing 18 kg. of sodium nitrate with 6 kg. 
of dinitronaphthalene, placing the mixture in 
a suitable nitrator and adding 40 kg. of sulphuric 
acid. The contents of the nitrator are stirred 
and the nitrous fumes evolved passed through 
suitable condensers. After about 2 hours 
the cover of the nitrator is removed and a 
sufficient quantity of water added to cool the 
mixture, when the trinitronaphthalene separates 
out and floats on the surface of the liquid from 
which it is removed by means of leaden scoops, 
it is then allowed to drain and is washed in a 
similar manner to dinitronaphthalene. 

It can also be prepared by adding 100 kg. of 
dinitronaphthalene to 400 kg. of mixed acid 
containing 71% H2SO4, 20% HNO3 and 9% 
HgO. The mixture is heated for 1 hour at 65"', 
then the temperature is raised at the rate 
of 10° per half-hour until it reaches 95°C., at 
which point it is maintained for 3 hours. The 
mixed acid is separated and the product washed 
and dried. 

Properties. —Trinitronaphthalene manufac¬ 
tured by the first process has a m.p. of only 
110°C., whereas the product produced by the 
second method melts at 135-]40°C. Trinitro¬ 
naphthalene is only slightly soluble in alcohol 
and ether, but dissolves in acetic acid and 
chloroform. 

When pressed to a density of 1*4 it has a 
detonation velocity of 6,000 m./sec. 

Trinitronaphthalene is one of the most 
insensitive explosives to friction or shock, a fall 
of 174 cm. for a 2 kg. weight being required to 
cause explosion as compared with 120 cm. for 
dinitrobenzene. 

When fired at a density of 0*3 in a manometric 
bomb, trinitronaphthalene gives a pressure of 
3,275 kg./sq. cm. 

Tetranitronaphthalene. —The commercial 
product consists essentially of two isomers having 
m.p. of 203 and 269°C. respectively. 

Manufacture. —Seven parts of dinitro¬ 
naphthalene are added to 100 parts of a mixture 
containing 70% of sulphuric acid (sp.gr. 1-83) 
and 30% of nitric acid (sp.gr. 1 *5). The nitration 
is carried out in a oast iron vessel fitted with an 
agitator and provided with a steam jacket for 
lieating the mixture to a temperature of 130°C. 
The nitration is carried on for 1 hour at this 
temperature, after which the tetranitronaph¬ 
thalene is separated and washed in the usual 
manner. It can be purified by crystallisation 
from glacial acetic acid. 

Properties. —When purified by acetic acid it 
oryst^lises in the form of fine needle-shaped 
crystals having a m.p. of 220°C. It is a powerful 
explosive, but is not very sensitive to shock and 
when ignited burns without explosion. 

When fired in the manometrio bomb at a 
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density of 0-3 it gives a i)re88uro of 3,476 
kg./sq. cm. 

Uses. —Owing to the difficulty of production 
tetranitronaphthalene is seldom used, its high 
melting-point being a disadvantage from the 
military point of view for use in filling shell. 

IV. NITKOPHENOLS. 

From the explosives point of view, interest in 
the nitrophenols centres chiefly in symmetrical 
trijiitrophenol, commonly known as picric acid. 
Mononitrophenol is not explosive in itself. It 
reacts with most metals to form salts which also 
are generally regarded as non-explosive. The 
potassium salt of mononitrophenol, however, 
can be detonated by percussion. Dinilro- 
phenol is a comparatively insensitive explosive, 
but is seldom used alone as such, since its 
oxygen content is considerably below the rati(j 
necessary for complete explosive combustion. 
It forms explosive salts with most metals. 

Mononitrophenol. —By the direct action of 
dilute nitric acid on phenol in the cold a mixture 
of ortho- and para-nitrophonol is obtained. 
A similar result is obtained by the nitration of 
chlorobenzene and subsequent hydrolysis with 
I caustic soda. The ori/m-com])ound is separated 
either by distillation in steam or by fractionating 
in vacuo. wetoNitrophenol cannot bo prepared 
by direct nitration, but is obtained by boiling 
wctodiazonitrobonzenesulphate. 

Properties. —o-Nitrophenol forms bright yellow 
needles, melting at 45°C. and boiling at 2l4''’(l. 
It is slightly soluble in cold water, more readily in 
hot, and easily soluble in organic solvents. It 
forms red coloured salts with practically all 
metals. 

w-Nitrophenol forms dense sulphur-yellow 
crystals from ether, liaving a m.p. of 96°C. 
and boiling at 104‘'(/. It is not volatile in 
steam. Its behaviour towards solvents is 
similar to that of the ori/^o-comj)ound. 

p-Nitrophenol crystallises in long, nearly 
colourless needles, melting at 1I4°0. It is not 
volatile in steam and tends to decompose on 
boiling. It is fairly soluble in water and its 
salts are mainly yellow in colour. 

Although not explosive in themselves, both 
ortho- and pora-nitrophenol have been used, 
both per se and in the form of the alkali salts 
of their sulphonic acids, in the preparation of 
composite “ safety ” explosives such as the 
following, which was patented by Adolph Voigt 
in 1911 : Mononitrophenol (or sodium mono¬ 
nitrophenol-sulphonate) 25 -22*6%, potassium or 
sodium nitrate 65-45%, potassium perchlorate 
10-22*6%, ammonium nitrate 10%. 

Dinitrophenol. —The direct nitration of 
phenol beyond the mouonitro- stage results in a 
considerable loss by. oxidation of the phenol. 
According to Reverdin and de la Harpe (Chem.- 
Ztg. 1892, 16, 45), dinitrophenol is prepared, 
therefore, by first treating phenol with twice its 
weight of sulphuric acid (93-94%) at 110°G. 
for 6 hours, the temperature being finally 
raised to 130 or 140°C. The resulting phenol- 
sulphonic acid is cooled and diluted with an 
equal volume of water. Dilute nitric acid 
(sp.gr. 1*2) equivalent to seven times the weight 
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of original phenol is then added slowly, the 
temperature being kept below 50°G. After 
standing for 24 hours at room temperature the 
mixture is slowly heated on a water bath, then 
cooled and filtered. The crystalline product is 
purified by boiling twice with 10 volumes of 
water. It consists of 2:4- or a-dinitrophenol, 
none of the other isoineridcs being formed under 
the conditions of manufacture. 

Dinitrophenol is also prepared IVom dinitro- 
chlorobenzene bj?^ hydrolysis with caustic soda, 
the resulting sodium diiiitrophenate being treated 
with hydrochloric or sulphuric acid to liberate 
the dinitrophenol, which is then iiltered and 
washed with cold water. 

a-Dinitrophenol forms pale-ytdlow flakes, 
melting at 114”C., soluble in hot water and in 
organic solvents. It can be detonated by a 
powerful initiator, but is deficient in oxygen for 
complete explosive decomposition and is usually 
employed in conjunction with other explosives, 
such as picric acid, in order to lower the melting- 
point for convenience in filling into shells, etc. 
it forms explosive salts with most metals, the 
ammonium and sodium salts consisting of yellow 
crystals which are only slightly soluble in water 
and alcohol. The neutral lead salt, 

[CeH3{N02)20]2Pb,6H20, 
detonates strongly. 

Dinitrophenol forms sta})le compounds of the 
nature of salts, with ammonia, witli aromatic 
amines and with aromatic hydrocarbons. The 
melting-points of these compounds are lower 
than that of dinitro])henol, and their use in 
conjunction with inorganic oxygen carriers, 
such as ammonium nitrate, was patented by 
JBorgmann in 1893. 

Dinitroplumol is a])|)rcciably mon; poisonous 
than either picric acid or T.N.T., and .special 
precautions ar(' necessary to salcgmird work(‘rs 
exposed to it. 

Trinitrophenol—Picric Acid. 

lliatorical .—Discovered originally in 1771 by 
Woulfe, who obtained it by the action of nitric 
acid on silk, and re-discovered in 1788 by 
Hausmanii as one of the producsts of tlie oxida¬ 
tion of indigo by nitric atud, picric acid was 
known for nearly a hundred years merely as an 
artificial dye. Jn 1843 Laurent established its 
identity by producing the same substance by 
nitration of phenol. The production of picric 
acid by this method in commercial quantities 
led to a scries of attempts to utilise the obvious 
explosive properties of its salts. In 1869 
Designolle patented a series of powders {Poudres 
DeaignoUe) eonsisting of mixtures of potassium 
picrate, potassium nitrate and charcoal in 
various proportions, for use both as propellants 
and as bursting charges for shell and torpedoes. 
Fontaine proposed a mixture of potassium 
picrate and potassium chlorate for the same 
purposes, while Brug<^re and Abel indepen¬ 
dently at about the same time advocated 
mixtures of ammonium picrate and potassium 
nitrate. Picric acid itself was also used to some 
extent in conjunction with oxidising agents such 
as potassium nitrate or chlorate in mixtures 
similar to black powder. Many of these i 


mixtures, however, proved to be highly 
dangerous in use owing to their sensitiveness to 
shock, and some were liable to spontaneous 
ignition when stored. On theoretical grounds 
it was assumed that the acid alone would not 
function satisfactorily as an explosive owing to 
its oxygen content being insuflicient for complete 
combustion. In 1871, however, Sprengel noted 
that when exploded by means of a detonator, 
picric acid behaved as a very pow^erful explosive, 
a discover^' which received little or no attention 
until 1885, w hen Turpin published in French and 
Genrian patents a detailed description of the use 
of picric acid as a bursting charge for all kinds of 
hollow projectiles (F.P. 167612, G.P. 38734), 
He showed that in spite of its oxygon deficiency, 
when picric acid was filled into shell by pouring in 
molten condition, or by pressing w ith a suitable 
binding material such as collodion or gum arabic 
solution, it possessed properties wdiieli rendered 
it of great importance as a military explosive. 
By contrast with the picrate mixtures previously 
suggested, it was chemically stable, insensitive 
to changes of temperature, non-hygroscopic, safe 
in manufacture and transport, and suftioiently 
insensitive to shock to enable shell containing it 
to he fired from guns without risk of explosion 
in the barrel. Furthermore, when exploded 
by means of a sufliciently powerful detonator 
it produced a shattering effect greater than 
that of any explosive then known. As Turpin 
pointed out, the value of picric a(;id as a high 
cxjjlosive lies in the fact that in this class of 
exjdosive the maximum effect does not coincide 
with complete combustion, but occurs wdieri the 
carbon is burnt to monoxide, the greater gas 
evolution more than balancing the smaller heat 
of cc>mbustion, Turpin's proposals for the 
construction and filling of high explosive shell 
with picric acid were immediately recognised as 
an outstanding advance in artillery juvictice 
and the invention was qui(;kly taken up in all 
countries, the fillings being known under various 
names such as lyddite in this c;oiintry, melinite. 
in France, sekimoae. in Japan, j)erlite, picrinit^ 
etc. The modern high explosive shell differs 
very little in principle from the design proposed 
by Turpin, although picric acid is no longer the 
filling of major importance. 

Manufacture. 

The trinitration of phenol is carried out in a 
similar manner to the preparation of dinitro¬ 
phenol, using a correspondingly larger proportion 
of nitric acid. The reactions involved may bo 
expressed as follows: 

(1) C6H5 0 H-I- 2 H 3 S 04 

-CeH 3 (S 03 H) 20 H-h 2 H 20 

(2) CeH3(S03H)20H+3HN03 

In the old method of manufacture, very simple 
apparatus was employed. Little or no care was 
taken in temperature control of the process, and 
considerable waste of acids occurred, clouds of 
nitrous fumes being allowed to disperse over the 
surrounding country. Some modern factories 
still follow the same method in principle, except 
for the introduction of proper temperature 
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control and fume absorption. A pure quality of 
phenol is taken (obtained either by careful 
fractionation of the coal-tar product, or the 
synthetic material), and is melted in its drums in 
a steam-heated chamber. The molten phenol is 
poured into about four or five times its weight of 
sulphuric acid (94-98%) contained in iron or 
cnamelled-iron vessels. The mixture is stirred 
occasionally with wooden or iron paddles for 
about two days, until the product is in the form 
of a stiff white paste, without phenolic odour, 
and completely soluble in water. An economy 
of time may be effected by heating to 70°C. 
by means of steam coils while agitating the 
mixture mechanically. Sulphonation is com¬ 
plete in from 2 to 3 hours under these con¬ 
ditions, but it is advantageous to continue 
the treatment for at least 4 hours in order to 
carry the reaction as far as possible to the 
disulphonic acid stage, as this leads to a higher 
yield and better quality in the resulting picric 
acid. 

Before nitration the phenol-sulphonic acid is 
diluted with an equal volume of water in order 
to moderate the violence of the reaction. 
Weighed quantities corresponding to about 35 lb. 
of phenol are transferred to earthenware pots of 
about 40 gallons capacity, and 140-145 lb. of 
nitric acid (65% concentration) is run in slowly 
by means of a glass or aluminium siphon tube 
reaching into the centre of the mixture. The 
rate of flow of the nitric acid is so adjusted that 
the addition is spread over a period of about 
.3^-5 hours. If the initial temperature of the 
mixture is in the neighbourhood of 50°C. 
nitration begins at once and proceeds smoothly. 
The pots are not adapted for temperature control 
or for stirring. In order to maintain the 
required temperature, therefore, tlie vessels are 
usually embedded in an insulating mass of 
ashes or similar material. Copious nitrous 
fumes arc evolved and considerable heating 
occurs, leading to appreciable loss of nitric acid 
unless snitablo arrangements are made for 
its recovery by means of absorption towers. The 
y)ots are allowed to remain undisturbed over¬ 
night. By next morning they are found to be 
full of picric acid, most of which is in tho form 
small crystals, but part of which consists of 
hard lumps, loiown as “ crusts.” The latter is of 
inferior quality, and is removed for sale as low 
grade material. Alternatively, it is crushed and 
returned to the pots, which are stirred occasion¬ 
ally throughout the day, during which time 
the nitration is completed and the material 
gradually cools. Tho next morning, the con¬ 
tents of the pots are transferred to wasliing 
vessels, which, in the simplest form, consist of 
wooden boxes with inclined bottoms, perforated 
at the lower end. A few buckets of water are 
poured over the material and allowed to drain 
away. For tho final washing, the contents of 
several boxes are emptied into enamelled baths 
similar to those used in the sulphonation stage, 
water is run in and the contents of the bath 
are stirred by hand with wooden paddles. 
After settling, the wash-water is drained away 
and the process is repeated. Three or four such 
washings are found sufficient to remove the 
mineral acidity. The product is finally spread 
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in a shallow layer on glass or enamellcd-iron 
shelves in a “ stove ” heated to about 60°C. 
by means of steam pipes. Aluminium shelves 
have been tried for this purpose, but they are 
liable to slight attack by the wet picric acid, 
and are therefore unsuitable. The powder is 
turned over at intervals by means of wooden 
rakes, in order to accelerate the drying. The 
completion of a hatch of picric acid by this 
process takes about a week. 

In mi)ro modern practice the sulphonation is 
carried out in large iron lead-lined tanks or 
“ kettles ” titled with a steam jacket and 
paddle stirrers. As the mixture is kept hot 
(about 7(FO.) and agitated, a smaller ])roportion 
of sulphuric acid is required, 3^-4 parts being 
used and tho time for sulphonation is reduced 
to 3 or 4 hours. The nitration is some¬ 
times carried out in earthenware pots, as 
described above, but tho pots arc litted with 
covers and fume pipes leading to a stack or 
absorption tow^T. Alternatively, tho nitration 
pots are of enamelled iron and arc jacketed for 
control of temperature by the circulation of hot 
or cold water. When using this typo of apparatus, 
the temperature of the hot sulphonate is allowed 
to fall to about 20'’C., and whilst being rapidly 
agitated the nitric acid is gradually run in, the 
quantity used being about one-third more than 
that theoretically recpjired. Tho temperature is 
allowed to rise gradually during the addition of 
the nitric acid to about 70-80“C. and the 
nitration is com]>Ictcd by further agitation for 
about 2 hours. The nitrous fumes evolved are 
condensed and reconverted into nitric acid. 
The product is run ofl’ into w ooden or enamelled 
vessels, diluted with about an equal volume of 
water and allowed to cool. Alternatively, tho 
spent acid is siphoned off as far as possible with 
a view to concentration and further use in 
sulphonating a subsequent batch of phenol. 
The crystals of picric acid are filtered off by the 
aid of vacuum and washed by a spray of cold 
water until free from sulphuric acid. Owing to 
the agitation during nitration, the crystals of 
picric acid are small and free from aggregates, 
they are therefore fairly pure and easily washed. 
The picric acid produced by the more primitive 
methods, however, contains ‘‘ crusts ” and 
aggregations, and in order to obtain a uniform 
product the whole of the picric acid so obtained 
is sometimes passed through a rolling mill con¬ 
sisting of three pairs of ribbed granite rollers, 
fitted vertically above each other. The top two 
rollers are about an inch apart, the next two are 
closer and the bottom tw'O are actually in 
contact. Alternatively, the product is treated 
in a combined sifting and milling machine in 
which the coarse material is subjected to tho 
action of lignum-vitae balls in a rotating drum. 
Tho crushed material is washed either by 
sprinkling with water on a filter bed, or by 
mechanical agitation with water in circular vats. 
In order to reduce losses due to the appreciable 
solubility of picric acid in cold water, the 
earlier washings may be carried out by using the 
final wash-water from the previous batch. In 
some works a counter-current system has been 
employed, whereby the picric acid is passed 
through a series of vessels in one direction, while 
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water passes in the opposite direction, so that the 
incoming water meets material which is prac¬ 
tically free from mineral acid, and then, being 
quickly saturated with regard to picric acid, 
passes through the less completely washed 
material without further dissolving action on the 
I)icric acid, but becoming richer in mineral acids 
as it travels from one vessel to the next. 

The washed picric acid is dried as completely 
as possible on a suction filter and then transferred 
to a flannel-lined centrifuge, which, when 
running at 800-1,000 revs, per min., reduces the 
moisture content to about 6% in 16-20 min. 
The final drying is carried out in steam-heated 
stoves as already described, a period ranging 
from 6 to 24 hours being allowed for this 
operation. 

Before packing, the dried material is screened 
by passing through an inclined cylindrical sieve 
rotating in a closed chamber. The screening 
material is preferably of silk gauze, the use of 
metal gauze l^ung undesirable on account of the 
possible formation of jiicrates. The coarse 
material which emerges from the end of the drum 
is generally of a lower melting-point and liigher 
ash content than the sifted crystals and is 
re-wetted, crushed and returned to the nitrating 
pots for further treatment. 

An average yield is about 175 lb. of picric 
acid per 100 lb. of phenol, but with efficient 
working 190 lb. of picric acid may be obtained 
(about 78% of the theoretical yield). 

The spent acid (sp.gr. about 1*36-1 *37) run 
off from the nitration pots contains less than 
1% of nitric acid and practically no un-nitrated 
sulphonate if the nitration has been correctly 
effected. In practice, however, a further pre¬ 
cipitation of picric acid is usually obtained 
when the acid liquor is heated to 100-110*^0. 
for an hour. The liquor is cooled and de(;antcd 
from the picric acid thus obtained, before 
concentration up to sp.gr. 1*84, for rc-use 
together with fresh acid in the sulphonation of 
further batches. 

The problem of disposal of the washing water 
Is dealt with either by neutralising with lime 
before discharging into a stream, or by reduction 
to colourless compounds by means of metallic 
iron. Extraction of the residual picric acid by 
means of organic solvents has not been found 
practicable on a commercial scale. 

Alternative Processes. 

Owing to the heavy demand for picric acid as a 
military explosive during the early years of the 
war of 1914-18 various modifications of the 
above process were put into operation with a 
view to improving the yield or reducing the cost 
of production. 

In America, the Aetna Explosives Co. reduced 
the ratio of the sulphonating acid to about 
2^ parts to 1 of phenol, the nitration being 
carried out with 66% nitric acid as usual. A 
good yield of picric acid was claimed, accom- 
anied by a certain amount of oxalic acid as a 
y-product. 

Interdilution Process .—Research at Govern¬ 
ment laboratories and factories in this country 
showed that the nitration of phenol disulphonic 
acid could be more efficiently carried out in two 


stages. The first stage, consisting in the intro¬ 
duction of one nitro group without disturbing 
the Bulphonic groups, was found to proceed 
satisfactorily under strong acid conditions, 
while the subsequent substitution of the two 
sidphonic groups by nitro groups necessitated 
the use of dilute acid. The sulphonation carried 
out at about 70"C. for 4 hours with mechanical 
stirring, using 6 mol. of 96% sulphuric acid, 
yielded a product consisting mainly of phenol- 
2*4-sulphonic acid with a little phenol-4-8ul- 
phonic acid. On cooling to 60®C. and adding 1|: 
mol. of nitric acid (sp.gr. 1*4), the former was 
converted into 6-nitrophenol-2*4-disulphonic 
acid, and the latter into 2*6-dinitrophenol-4- 
sulphonic acid. The temperature was main¬ 
tained at about 60°C. during this operation by 
means of external cooling and stirring, the 
addition of the acid being spread over a period 
of about 3 hours in order to avoid undue local 
beating. After blowing off nitrous fumes by 
means of an air stream, the temperature was 
raised to 70° and water was run in (40 gallons 
for each 100 lb. of phenol) followed by 2f mol. 
of nitric acid. This operation occupied about 
6 hours and the heating and stirring were 
continued for a. further 8 hours. 

I'lie resulting pi(;ric acid was then transferred 
to suction filters, and washed, centrifuged and 
dried as usual. The yield was about 195 lb. per 
100 lb. of phenol, or about 190 lb. after sieving. 
The m.p. of the finished material ranged from 
120*6 to 121*3°C. 

Continuous Process .—In order to obviate the 
largo amount of handling associated with the 
pot process, a continuous nitration process was 
developed by Brookes Chemicals, Ltd., of 
Halifax. In this process, phenol sulphonic acid 
(prepared with only 2 mol. of sulphuric acid per 
mol. of phenol) was diluted with water to a 
sp.gr. of 1*36 and allowed to flow into one end of 
an acid-proof brick trough, 80 ft. long and 2 ft. 
wide. Waste sulphuric acid at 60% concentra¬ 
tion and equivalent to 4 mol. per mol. of phenol 
was run into the same end of the trough, and 
nitric acid (65% strength) was added through 
twenty aluminium jets, spaced 18 in. apart. 
The temperature was controlled at about 102°C. 
by means of steam. The top of the trough 
was covered by stone slabs in which fume pipes 
were fitted at intervals. At the end of the 
trough the acid mixture with the picric acid 
crystals passed into a brick chamber where it 
was cooled by means of cold water circulating 
in lead coils and agitated by air jets. It was 
finally blown through a 4-in. earthenware 
pipe on to filters and washed as usual. The 
spent acid, after heating to 120°C. in order to 
complete the nitration of any un-nitrated phenol, 
was again filtered, part being returned to the 
inlet end of the trough and part being con¬ 
centrated up to 94% strength for further use in 
the sulphonation process. 

The output of a plant such as that described 
was about 30 tons per week, the yield being 194 
lb. per 100 lb. phenol. The average m.p. 
of the picric acid was 121*4°C., and the ask 
content 0*025%. In addition to the saving of 
labour and avoidance of waste in handling, it 
was claimed that the picric acid produced by 
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this process was of a finer grain than that 
prepared by the pot process and was free from 
“ crusts.” 

Strong Acid Process ,—Laboratory experi¬ 
ments followed by semi-large scale trials at H.M. 
Factory, Queensferry, during the war of 1914-18, 
showed that the nitration of sulphonated phenol 
can be performed with strong mixed acid, under 
suitable conditions, thus allowing tho use of 
cast-iron vessels. A process on these lines was 
patented by British Dyes, Ltd., in 1919 (B.P. 
126368). According to this patent, a tri- 
sulphonated phenol (‘an be nitrated to picric 
acid without any destructive oxidation and 
without appreciable evolution of nitrous fumes. 
The sulphonation is effected by means of a 
mixture of 5 parts of sulphuric acid (95%) 
with 1 part of oleum (70% SO 3 ). The 
molten phenol (188 lb.) is allowed to run into 
1,000 lb. of this acid mixture previously heated 
to 60°C. The temperature rises to 130-140°C. 
owing to the heat of reaction, and is then allowed 
to cool spontaneously to 20 '^C,, the mixture being 
continuously agitated. A mixture of nitric acid 
( 86 %) 470 lb. and sulphuric acid (sp.gr. 1-84) 
470 lb. is then added slowly, the ttmiperature 
being controlled by external (‘ooling so that it 
does not exceed UKPC. At this stage the 
product is stated to consist mainly of p-pitro- 
phenoldisulphonic acid. On passing steam or 
water into the mixture*, the reaction proceeds to 
the trinitro- stage, the temperature rising to 
140°C., and the picric acid forming in small flat 
flaky crystals. The mixture is (;oolcd to 20‘"C., 
filtered on asbestos cdoth, washed with hot 1 
water in a wooden vat, cooled, filtered and dried 
as usual. 

In the Queensferry experimental process, the 
sulphonation was only carried to tho disulphonic 
stage, using 3^ mol. of sulphuric acid (93%) 
at 100°C. for 2 hours. The nitrating acid 
consisted of H 2 SO 4 57-5%, HNO 3 38-5%, 
water 4*0% and was used in a quantity equi¬ 
valent to 4j^ mol. of nitric acid per mol. of phenol. 
Half this charge was added slowly, the tempera¬ 
ture being kept below 50°C. During the 
addition of the second half of the acid, the 
temperature was allowed to rise slowly, so that 
at the end of the operation it just reached 
116°C., the mixture being agitated continuously. 
It was found that if the maximum temperature 
reached was less than 116°C., the product 
was of a feathery character and difficult to 
filter ; above this temperature it tended to form 
pellets owing to partial melting, and complete 
removal of residual acid by washing became 
impossible. A yield of 218% was obtained at 
Queensferry by this process. 

One defect of the strong acid process is that 
the picric acid is liable to be contaminated with 
small amounts (up to 1 %) of nitrophenol- 
sulphonic acids due to the enclosing of a portion 
of the incompletely nitrated material inside the 
picric acid crystals. This impurity appears as an 
insoluble residue when the picric acid is dissolved 
in benzene in the course of examination. 
I.C.I., Ltd. (B.P. 370436), describe a method of 
overcoming this trouble by raising the tempera¬ 
ture of the nitration mixture to 118-120°C. 
for a few minutes after the completion of the 
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normal nitration. At this temperature the 
picric acid crystals molt and tho enclosed 
impurity is completely nitrated by the remaining 
acid. The mixture is then slowly cooled with 
continuous stirring, the picric acid being obtained 
in crystals of any desired size by adjustment of 
the rate of cooling. As a result of this treatment 
the filtration and washing of the product, which 
arc often difficult owing to tlie v(*ry line crystals 
produced in the ordinary manner, are greatly 
facilitated. 

A similar treatment was advocated in an earlier 
patent (B.P. 124490, 1916), according to which 
sulphurit; acid containing traces of lead sulphate 
may be used for sulphonating, provided that at 
the end of the nitration the temperature is 
raised to 122 ^^ 0 . for a sliort period, then allowed 
to fall sknvly while tlie mixture is agitated. 
The picric acid forms in small dense crystals, 
while the lead sulphate is retained in solution in 
tho acid. 

Sodium Nitrate Process .—As a measure of 
economy during tho war of 1914-18, attempts 
were made to use sodium nitrate in place of nitric 
acid for the nitration of the sulphonated phenol. 
In France, large (juantities of picric acid were 
produced by this method, and a plant was 
actually erected in this country for working the 
process, but on acc^ount of decreased require¬ 
ments for picric acid it was not put into oi)cration. 

The process as worked in Franco w^as similar 
to the English i)ot i>roeeHs, with the exception 
that th(; nitrating mixture consisted of solid 
sodium nitrate mixed with a dilute nitric acid. 
Since tliis mixture could not be siphoned into 
the sulphonic acids, tho operation was reversed, 
apparently without any deleterious effect. 
The use of solid sodium nitrate, however, 
resulted in the retention of any insoluble matter 
in the finished product, and relaxation of the 
normal specification as regards ash was necessi¬ 
tated. Tho waste acids, being contaminated 
with sodium salts, ('ould not be concentrated 
for subsequent use and were, Ihercforo, thrown 
away. 

Marquoyrol and Loriette (Mem. Poudres, 
1921, 18, 1), discussing this process, state 
that, as originally worked, appreciable quantities 
of phenol apj)eared in the waste acids as salts of 
dinitrophenolsulphoriic acid. It is claimed 
that this may be avoided and the yield of picric 
acid raised from about 175% to 195-200% by 
heating the nitration mixture at llO'^C. for 3 
hours after tho completion of tho normal 
nitration. By sulphonating tho phenol with 
10 parts of oleum ( 20 % SO 3 ) for 3 hours at 
120°C., a mixture of diaulpho- and trisulpho- 
phenol is obtained in which the latter pre¬ 
dominates. On running this mixture into 4 parts 
of nitric acid (sp.gr. 1-26) with 3 parts of sodium 
nitrate it is stated that a yield of 215-220% 
of picric acid can bo obtained. 

Chlorobenzene Process .—Chlorobenzene is easily 
nitrated by mixed nitric and sulphuric acids to 
dinitrochlorobenzeno, tho nitration being carried 
out normally in two stages. On hydrolysis with 
caustic soda in a steam-heated boiler the 
dinitrochlorobenzene is converted to sodium 
dinitrophenate, from which dinitrophenol is 
liberated by sulpburic acid. After filtering 
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and washing, the dinitrophenol is nitrated with 
strong sulphuric and nitric acids in enamelled 
or cast-iron pans. The resulting picric acid is 
filtered and washed in the usual manner. Con¬ 
siderable quantities were manufactured by this 
process at one factory during the war of 1914-18. 

Special precautions are necessary in working 
this process, owing to the poisonous character of 
the dinitrochlorobenzene and the dinitrophenol 
which are produced as intermediates. The 
former compound (or impurities normally associ- 
ated with it) causes serious dermatitis among the 
workers. 

The quality of the picric acid produced 
depends largely on the purity of the dinitro¬ 
phenol. Material which complies with the 
following requirements will yield a satisfactory 
product : setting-point 110-114°C. ; ash not 
exceeding 0-2%, of which not more than 0-03% 
must be insoluble in acid ; organic chlorine not 
exceeding 0 * 1 % ; freedom from organic matter 
insoluble in cold dilute caustic soda or in hen 
zene ; moisture not exceeding 10%. The i 
presence of soluble inorganic salts such as 
sodium sulphate is regarded as unimportant, as 
these will be removed during the suhse(|uent 
nitration. Any insoluble mineral matter, how¬ 
ever, would be carried forward to the linal 
product, and should be avoided as complc^tely 
as possible. A high moisture content leads to 
greater safety in handling, but if this exceeds 
10 % the ofticieney of the subsequent nitration is 
impaired by the resulting dilution of the acids. 

Other Methods of Manufacture ,—Suiphanilic 
acid may be diazotised ami converted into 
phenol sulphonic acid and thence to picric acid 
by nitration as usual. This method has not been 
found suitable for commercial use. 

Benzene may bo partially oxidised to phenol 
by the action of nitric acid in the jjresenco of 
mercury as a catalyst. The phenol is then 
further nitrated to picric acid. Quantities of 
nitrous fumes are evolved, and a eonsiderablo 
amount of nitrobenzene is formed as a by¬ 
product. These reasons, together with the low 
yield obtained, have prevented the adoption of 
this process commercially. 

Yacca gum, an Australian product, contains 
phenolic bodies which can be used as raw 
material for picric acid manufacture. The yield 
is only about 40 parts per 100 parts of gum, 
however, and the consumption of nitric af'id is 
high owing to oxidation of other constituents of 
the gum. 


Pbopjketies. 

Picric acid crystallises in long flat needles, of a 
bright yellow' colour, melting at 121 -S^C. to a 
y'cllow liquid. By careful heating it may bei 
sublimed without decomposition, the vapours 
being very irritating and having a bitter 
taste. When freshly sublimed in the dark it is 
colourless. It ignites at 2G0''C., and burns 
fiercely (in small quantities), normally without 
explosion. If heated suddenly it deflagrates 
sharply with a bright red sooty flame. When 
dropped on a red-hot surface it decomposes with 
explosive violence. 

In the absence of picrates, or of picrate-form- 
ing substances, large quantities of picric acids 
have been burned without detonating. Munroe 
(Ind. Eng. Chem. 1922, 14, 552) describes a fire 
w hich took place in magazines containing 200,000 
Ih. of the explosive. The picric acid, which 
contained from 0-3 to about 9% of moisture, 
was packed in wooden barrels and stored in 
open sheds. The flames from one of the 
magazines reached a height of from 35 to 40 ft., 
and tlic heat was so intense that the metal in 
the roof and the barrel hoops were melted and a 
large part completely burnt. The roar during 
I the fire was so loud that decrepitation oi- 
deflagration reports, suc h as usually accompany 
the burning of small (juantities of picric acid, 
could not be distinguished, but towards tlie end 
there were occasional small reports similar to 
those given by a shot-g\in. These minor explo¬ 
sions were observed to result from gas confined 
under unburnt picric acid and fallen roof. When 
these “ puffs ” occurred picric acid was blown 
up lo a height of 5 or (5 ft., but no serious 
detonations were reported. Other fires of similar 
character have led to serious explosions which 
have been attributed to the presence of picrates 
or their formation by the action of molten 
picric acid on basic material such as lime-mortar. 
For this reason, the use of such materials is now 
prohibited in the construction of buildings in 
which picric acid is to be handled or 
stored. 

As the melting-point of picric acid is so high, 
and its sensitivity to percussion increases with 
the temperature, its fusion on a large scale is 
to some extent dangerous. Girard (B.P. 6045, 
1905) gives a long list of the melting-points of 
equimolecular mixtures of picric acid with 
other nitro derivatives ; in all cases the melting- 
point of the mixture is well below that of the 
constituent of low^cr melting-point. 


1 

:urc. 

50°U. 

80°C. 

HaSO^, %. 

Picric 
acid, %. 

HaS04, %. 

Picric 
acid, %. 

HaSO^, %. 

Picric 
acid, %. 

H2SO4, %. 

Picric 
acid, %. 

_ 

1-184 

— 

1-559 

— 

2-389 

— 

4-641 

2-35 

0-231 

2-37 

0-360 

2-39 

0-692 

2-41 

1-940 

4-68 

0-142 

4-70 

0-224 

6-86 

0-363 

4-67 

1-261 

1013 

0-091 

9-70 

0-138 

10-31 

0-266 

10-33 

0-727 

18-01 

0-080 

18-01 

0-114 

18-64 

0-214 

17-46 

0-661 

26-10 

0-092 

24-20 

0-134 

24-47 

0-230 

26-63 

0-647 

60-60 

0-429 

60-27 

0-660 

48-90 

0-645 

60-10 

1-104 

69-70 

0-928 

69-22 

1-127 

69-14 

1-424 

71-60 

2-203 

87-90 

2-461 

90-70 

4-361 

91-08 

6-826 

91-20 

7-610 

97-40 

7-532 

97-82 

9-360 

97-30 

12-785 

101-80 

24-020 

101-00 

10-180 

100-57 

11-360 

100-60 

16-230 

102-50 

25-860 
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Picric acid is readily soluble in alcohol, acetone, 
ether, benzene and similar solvents. 100 parts 
of benzene dissolve 10 parts of picric acid at 
room temperature. The material is also soluble 
in nitric and sulphuric acids, being precipitated 
unchanged from the latter acid by dilution 
with 2 or 3 parts of water. Its solubility in 
water at 20°C. is 1-4% and at 100°C. C- 8 %. 
The solution is acid to litmus and dyes wool, 
silk and skin a bright yellow. The table at 
the foot of p. 480, extracted from “ Technical 
Kecords of Explosives Supply, 191/5-1918, No. 
0,” published by the Ministry of Munitions, 
shows the percentage of picric acid dissolved by 
100 parts of aqueous sulphuric acid of different 
concentrations. 

The heat of formation of picric acid is 49*1 
kg.-cal., and the heat of total combustion in 
oxygen 618*4 kg.-cal. (Berthelot). 

The density of picric acid ciystals is 1*703, 
that of the fused and cast material being from 
1*G to 1*7, normally about 1*04. Higher 
densities can be obtained by Bichers method of 
casting under pressure. According to Hautriche, 
the density obtained by pressing the loose 
material is as follows : 


Pressure, 

tons per sq. in. Density. 


1*75 . . . 

. . . 1*315 

4*35 . . . 

. . . 1*410 

8*73 . . . 

. . , 1*614 

13*10 . . . 

. . , 1*672 

17*60 . . . 

. . , 1*714 

21*80 . . . 

. . . 1*731 

26*20 . . . 

. . . 1*740 


Pure picric acid is only very slightly hygro¬ 
scopic. L. G. Marsh (Ind. Eng. Chem. 1922,14, 
321) found that the pure acid adsorbed 0*37% 
of moisture when exposed in an atmosphere 
saturated with moisture at 32°C. for 48 hours. 
Picric acid containing 0*05% of SO 3 (present as 
sulphate or free sulphuric acid) under the same 
conditions adsorbed 1*9% of moisture, and when 
0*16% of SO3 was present the increase in weight 
was about 5%. 


Picric acid reacts with practically all the 
common metals except tin, forming salts which 
are generally more sensitive to friction and 
shock than picric acid itself. Furthermore, 
when ignited they explode with a violence 
which in most cases is sufficient to initiate the 
detonation of large quantities of picric acid 
with which they may be in contac t. 

Picric acid combines with many aromatic 
hydrocarbons and phenols forming crystalline 
additive compounds such as benzene picratc, 
rn.p. 85-~90°O. ; naphlhaleiie picrate, m.p. 
149°C. ; anthracene picratc, m.p. 138°C.; 
phenanthrene picrate, m.p. 143"C. ; phenol 
Iterate, m.p. Crystalline derivatives are 

also formed with most organic bases such as 
lyridine and the alkaloids. 

Picric acid does not contain sufficient oxygen 
for complete combustion, being 3*49^/o deficient 
for the formation of carbon monoxide, and 
45*41% deficient for the formation of carbon 
dioxide. Nevertheless, when efficiently deton¬ 
ated, it is one of the most powerful explosives 
known, c^xcooding dynamite and compressed 
guncotton in power, especially when rendered 
compact by fusion or pressing. Complete 
detonation is normally accompanied by black 
smoke, but comparatively smokeless explosions 
have also been observed. 

It is difficult to explode picric acid by direct 
percussion, but the dried powdered mjiterial can 
bo readily detonated by 1*5 g. of mercury 
fulminate. Even wet picri(i acid, containing as 
much as 15% of water, can be so detonated if a 
priming of the dry acid is used. Cast picric acid, 
when luiconlined, is much more difficult to 
detonate by mercury fulminate than the loose 
material ; 3 g. of fulminate fired in the mass will 
not explode it. It may bo detonated by using a 
priming of the loose acid, but much more 
effectively by a primer of “ picric powder ” 
(see p. 4836) or of T.N.T. 

On the assumption that the explosion of picric 
acid is represented by the equation 

2CeH2(N02)30H 

- SCOgl 8CO+C i SHa fSNg 



de la Iloque 

Avogadro (observed). 


(calculated). 

Picric acid. 

T.N.T. 

iJlasting 

gelatine. 

Max. density of charge. 

— 

1*69 

158 

1-63 

Heat of explosion, kg.-cal. 

(а) 853*4 

(б) 876*0 

1,000 

950 

1,540 

Vol. of gas at N.T.I*., litres per kg. 

683*5 

675 

690 

710 

Temperature of explosion, . 

2,832 

3,320 

2,800 

4,300 

Explosion point, °C. 

— 

310 

295 

200 

Velocity of detonation, m./sec. 

— 

7,100 

C,700 

7,800 

Pressure developed by explosion 1 g. in unit 
volume, kg./cm.® . 

8,086 




Lead block test, expansion, ml. 

—> 

350 

310 

620 

Compression (Kast apparatus) . 

— 

4*1 

3*6 

4*8 

Sensitivity, 2 kg, weight, cm. 

— 

60 

80 

10 

“ Potential,” i.e. maximum work by unit 
weight, assuming complete gasification and 
adiabatic expansion. 

kg. m. 
272,280 

— 

~ 

— 


(a) At constant pressure. ( 6 ) At constant volume. 


VoL. IV.~-31 
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EXPLOSIVES. 


de la Roque (Rev. Chim. Industrielle, 11, 5) 
has calculated certain of its explosive constants, 
which are set out in the table at the foot of p. 481. 

Actual analysis has shown, however, that when 
explosion takes place, the decomposition is more 
complicated than this, the products being: 
carbon monoxide, carbon dioxide, nitrogen, 
nitric oxide, water, hydrocyanic acid and residual 
carbon. Experimental data determined by 
Avogadro (Mem. dc FArtillerie Eran^*aise, 1931, 
10 , 876) together with comparable data for 
T.N.T. and blasting gelatine are given at the foot 
of p. 481 in comparison with dc la Roque’s 
calculated constants. 

Pbecautions. 

The manufacture of picric acid is attended by 
very little risk, the main source of danger being 
at the final stage when the material is dried. 
Workers with picric acid are not subject to 
dermatitis as in the case of T.N.T. and tetryl; 
the dust and vapour, however, are vei-y irritating 
and cause an intense yellow staining of the skin, 
hair and clothing. As a result of its acidic 
character, contact of picric acid with metals or 
basic compounds leads to the formation of 
picrates, many of which are highly sensitive, 
particularly the lead picrates. 8trict precautions 
are taken, therefore, in the manufacture and 
handling of picric acid to avoid any possibility 
of contact with reactive materials. The 
interiors of shell, etc., are varnished, and all 
paints, varnishes and lutings used in connection 
with picric acid are required to be free from lead 
compounds. 

Specifications. 

The purity of picric acid for explosive purposes 
is governed by specifications which in certain 
respects demand a high degree of purity. Some 
of the specified limits are as follows : 


This 

country. 

Other 

countries. 

Setting-point, min. 

120 X\ 

120 °C. 

Moisture. 


01 to 0-5% 

Matter insoluble in benzene 

— 

0 -2% max. 

Ash . 

0 05% 

0-1 to 0-3% 

Sulphuric acid .... 

— 

0 -2% max. 

Picrates . 

Nil. 

Oxalates. 

Nil. 

— 


Testing. 

The Setting-point of picric is determined by 
melting the cai’efuUy dried material in a test 
tube (Ox 1 in.) immersed in an oil bath. A 
thermometer is inserted so that its bulb is 
covered to a depth of at least 1 in., and the 
liquid mass is then allowed to cool in an air 
bath whilst being constantly stirred. When the 
picric acid begins to solicRfy the temperature 
rises and remains stationary at the setting-point 
for some time. 

The Moisture Content is determined by drying 
a weighed quantity of the material in a boiling 
water oven for 1 hour. 

The Matter Insoluble in Benzene is obtained 
by dissolving from 10 to 100 g. of the picric 


acid in warm benzene, filtering and subsequently 
washing through a dry tared filter. The presence 
or absence of picrates may be observed by 
igniting the residue, when any decrepitation will 
indicate the presence of picrates. These may 
be determined quantitatively by titration with 
standard titanous chloride solution. 

The Ash Content of the picric acid may be 
determined directly by igniting 6 g. of the 
material in small portions in a porcelain crucible, 
or the ash of matter insoluble in benzene may be 
regarded as identical with the total ash. The 
ash should bo carefully examined for the 
presence of gritty material. Lead sulphate is 
regarded as comparatively harmless in small 
proportions, since it does not form a picrate. 

The Total Sulphuric Acid is determined by 
dissolving 10 g. of the picric acid in 2 1. of boiling 
water, filtering off any insoluble matter, then 
adding hydrochloric acid and barium chloride, 
and allowing to stand for several hours for the 
barium sulphate to settle. 

Picrates.—The picrates formed by the 
action of the acid on the metals, their oxides, 
hydroxides or carbonates are well-defined 
crystalline compounds which are quite stable 
under ordinary conditions, but they are 
generally more sensitive to heat, friction and 
percussion than the acid itself, particularly when 
free from water of crystallisation. This is true 
to some extent of the alkali salts, whilst the 
picrates, normal and basic, of some of the heavy 
metals, especially lead, are extremely sensitive 
and detonate violently. For this reason, lead 
should be excluded as far as possible from picric 
acid factories. There is no objection, however, 
to the presence of lead in the sulphonation of the 
phenol, and even in the later stages lead picrate 
cannot be formed in the presence of free sulphuric 
acid. 

Anhydrous ferrous picrate is very sensitive. 
A fire and explosion at Huddersfield in 1900 
were considered to have been caused by ferrous 
picrate on the surface of an iron steam-pipe 
adjacent to a drying stove being ignited by a 
blow from a workman’s hammer. A flash was 
seen to travel along the surface of the pipe 
towards the stove, where it ignited the picric 
acid diying on the shelves. The order of 
sensitiveness to percussion of some of the 
picrates most likely to occur is : lead, iron, 
cobalt, nickel, barium, copper, manganese, zinc, 
calcium and sodium. They detonate with 
violence, and their detonation is sufficient to 
prime an indefinite amount of picric acid, and 
even wet picric acid may be thus exploded. 
Ammonium picrate is one of the most insensi¬ 
tive. It has been proposed as a substitute for 
picric acid for use in shell, as it has no tendency 
to form dangerous picrates. The temperatures 
of ignition of various picrates are given by 
Silberrad and Phillips (J.C.S. 1908, 93 , 474). 
These range from 270-276°C. in the case of 
lead picrate (violent explosion) up to 367~372®C. 
for magnesium picrate, which explo4e8 very 
feebly. Figures for the relative sensitiveness to 
impact of the various picrates are by 

Kast in Z. ges. Schiess- u. Sprengstonw. 1911, 

6 , 7, etc. A very serious explosion of picric 
acid near Manchester in 1887 was caused 
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by molten picric acid flowing on to litharge, 
detonating with it and thereby acting as a 
primer, causing the detonation of all the picric 
acid present. In connection with this explosion, 
Peering showed that very rough mixtures of 
picric acid with litharge, red lead, lead nitrate, 
strontium nitrate, lime, etc., detonated violently 
when heated and were sufficient to prime a large 
mass of picric acid. 

Explosive Mixtures containing Picric 
Acid or Picrates. —Early attempts to make 
use of picric acid and picrates in explosive 
mixtures have been referred to above (p. 476). 
Mixtures containing picric acid with nitrates, 
chlorates, chromates or permanganates, how¬ 
ever, are extremely unstable and liable to 
spontaneous explosion when stored, owing to 
the gradual displacement of the highly oxidising 
acids by the picric acid, in the presence of traces 
of moisture. Many serious accidents resulted 
from the use of such mixtures. Attempts have 
been made to increase the stabihty of picric 
acid mixtures by coating the particles of the 
acid with an insensitive and protective film ; 
for instance, Roth (R.R. 173550, 1886) proposc^d 
a mixture of picric acid and ammonium nitrate 
with a fatty drying oil, and Turpin patented 
various mixtures of picric acid with gum, oils, 
fats, collodion jelly, etc. In general, however, 
insensitive picrates are far preferable to the 
free acid in explosive mixtures. 

The picrates of ammonium, potassium or 
sodium are those most frequently used in 
explosive mixtures. "Ihe “ Roiidrcs JJesignolle ” 
referred to above (p. 476) were made in a 
similar manner to ordinary gunpoAVtier ; they 
gave very good results arid were in use for sonu? 
time in the Rnuich Nav^v. It has been stated 
that 60 g. of R^signolle’s propellant powder 
gave the same result as 350 g. of ordinary gun¬ 
powder, and that the intensity of action of this 
shell filling powder was nearly 70% of that of 
Dynamite No. 1. Rrugriire’s powder, composed 
of ammonium picrate 54% and potassium nitrate 
46%, was insensitive to friction or shock, slow 
burning, nearly smokeless, in small arms quite as 
powerful as gunpowder, and non-erosive. Abel’s 
mixture, proposed independently at the same 
time as Rrugere’s (1869), consisted of ammonium 
picrate 40% and potassium nitrate 60%. It 
was intended for use in shell, but was after¬ 
wards adopted in the Service under the name 
Picric Powdery as an exploder for priming lyddite 
shell. It is very stable, bums only locally with 
slight deflagration on application of a flame and 
requires strong confinement to develop its 
explosive power, which is then very great. At 
one time it was manufactured in granular form 
like D^signolle’s powders, but later dry mixing 
was adopted, the proportions being modified to 
ammonium picrate 43% and potassium nitrate 
67%. The manufacture of this modification is 
easier and safer ; the product is also more 
stable, for the wetting in the old method of 
manufacture caused the formation of a little 
hygroscopic ammonium nitrate by double 
decomposition. The explosive decomposition of 
picric powder is represented by the equation 

6 CeH 2 (N 0 a) 30 NH 4 +ieKN 03 

-22C0,+18N,+16Hjj04-8KjC03 


Ammonium picrate has been used alone as an 
explosive to a considerable extent, especially in 
the United States, under the name of Explosive 
D. Hale (Army Ordnance 1926,6, 39) states that 
previous to the war of 1914-18 only the yellow 
variety of ammonium picrate; had been used in 
America, and when consignments having a deep 
orange-red colour were received there were 
doubts as to Avhethcr this variety was suitable 
for filling into shell. Ohernicai examination 
showed that the red material complied with the 
specification for ammonium ])icrate in all 
respects, except with ri'gard to colour. There 
was also practically no measurable difference 
between the two varieties with rc'gard to the 
temperature required to effect explosion and the 
sen.sitivity to impact. Furthermorc, the amount 
of tetryl necessary to cause t;ora})let(^ def oliation 
was found to be practically tin; same in eaiffi 
case. On the other hand, fragmentation trials 
carried out in 3-in. shell indicated conclusively 
that the red picrate possessed greater brisanco 
than the yellow form. When heated to 1.50T!., 
the red ammonium picrate is converted into the 
yellow variety, and if the former is recrystal- 
list'd from water containing free picric acid, 
only the latter type is obtained. 

Ammonium picrate and, more rarely, potas¬ 
sium picrate, mixed with the nitrates of 
barium, potassium and ammonium, and other 
combustible and (‘xplosivo ingredients, have 
been the snbjet t of innumerable patents for 
so-called smokeless and safety powders, usually 
in America, Austria or Fraiu't'. Detonating 
mixtures ctmtaining picraf-es and (lilorato of 
potash hav<; been jiroposed, aiul lead pii'rate 
has been suggested for the* same purpose. The 
picrate mixtures geneially, however, are banned 
in this country owing to their chemical instability 
and the extreme danger in tlndr storage and use. 

Emmens* Acid. —B.P. 370, 1888, describes an 
explosive, named after its inventor, an American, 
which is made by dissolving picric acid in 
fuming nitric acid (sp.gr. 1*52) to saturation, 
and then heating. Red fumes are evolved, 
and on cooling a crystalline product is obtained 
melting at 114-115*^0. This material is less 
soluble than picric acid in water and alcohol. 
It may be used alone as an explosive, or may 
be mixed with nitrates or chlorates, producing a 
more powerful explosive than picric acid. At 
one time it was used for military purposes in 
America under the name of Enimensitey both as a 
propellant and as a high explosive. 

Nitrocresolsulphonates. — During the 
period 1910-1912, a number of patents were 
registered for the use of alkali salts of nitro- 
cresol-sulphonic acid in explosive mixtures. 
According to G.P. 260311, 1910, o-cresol- 
Bulphonic acid, 100 g., is treated with sodium 
nitrate, 60 g., and the product is evaporated to 
dryness. The resulting sodium nitrocresol- 
sulphonate is completely soluble in water and 
when mixed with nitrates forms a powerful 
explosive. Chlorates, perchlorates or other 
oxidisers may be added if desired. The alkali 
salts of mononitrophenolsulphonic acid may be 
prepared and used in a similar manner. The 
explosive mixtures so produced are capable of 
direct detonation when ignited with a fuse, and 
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it is claimed that they are particularly safe for 
use where inflammable gases are present, 
especially if ammonium nitrate is used as the 
oxygen carrier. Further references to this type 
of explosive are given in F.P. 425550, 1911 ; 
B.P. 1712, 1911 ; G.P. 267319 ; B.P. 28974, 
1911 ; and G.P. 267542, 1912. The last-named 
patent also deals with the use of salts of nitro- 
naphthalenesiilphonic acids in a similar 
manner. 

This type of explosive does not appear to have 
been adopted for military use. 

«ym-TKiNiTKOANisoL, CgHg (N OalsOM e 
(Nitrolit ).—This explosive lias been used to 
some extent in admixture with other high ex¬ 
plosives or ammonium nitrate as a filling for 
shell and bombs. Its manufacture and proper¬ 
ties have been described by Desvergnes (Mem. 
Poudres, 1922, 19, 269). 

Manufacture .—iVinitroanisol can be pre¬ 
pared by the nitration of dinitroanisol, which 
can itself be produced by converting 2:4-dinitro- 
1-chlorobenzene into 1-methoxy-2:4-dinitro- 
bonzene by the action of methyl alcohol in the 
presence of lime as follows: 80 kg. of chloro- 
<linitrobenzene, 128 kg. of 95% methyl alcohol 
and 26-27 kg. (luicklimc are placed in a closed 
steam-jacketed vessel provided with a stirrer 
and a cooling apparatus for condensing the 
methyl alcohol vapours. The mixture is heated 
for 4 hours at about 65*^0. in order to complete 
the reaction. At the end of this period the 
excess of methyl alcohol is distilled ofl and strong 
hydrochloric acid added gradually during the 
distillation until the mixture is faintly acid. 
When all the alcohol has been removed the 
mixture is allowed to cool and then diluted with 
water. The dinitroanisol is then separated, 
washed and dried. 

In order to convert the dinitro- into the tri- 
nitro- derivative, 100 kg. of the dinitroanisol 
are treated in an ordinary nitrator with a mixture 
consisting of 42 kg. HNOg (sp.gr. 1-5) and 
160 kg. of H 0 SO 4 (wp.gr. 1-84), the initial 
temperature of nitration being from 37 to 43°C., 
and afterwards raised to 80"C. for about 1 ^ 
hours. When the reaction is complete the waste 
acid is separated and the trinitroanisol washed 
frequently with water until free from acid and 
then dried. 

Yield .—100 parts of dinitroanisol yield 
approximately 110 parts of the trinitro-body. 

Properties .—Trinitroanisol is a yellow, crystal¬ 
line material having a sp.gr. of 1*408 at 20°C. 
It is neutral in reaction, but is slowly 
hydrolysed by water with the formation of 
picric acid. 

The m.p. is usually given as 66 °C., but 
Cahours states that it is 68-60°C., Hollemann 
and Van de Vliet 68 °C., and Desvergnes 67-9°C. 
Brady and Horton (J.C.S. 1925, 127, 2230) 
state that when crystallised from methyl alcohol 
the m.p. is 68 ®C. 

[Trinitroanisole is converted into trinitro- 
phenetole by crystallising from ethyl alcohol. 
Editors.] 

Trinitroanisol is only shghtly soluble in 
water, 100 g. of this solvent dissolving only 
0*02 g. of the explosive at 16°C., and 0*I37 at' 
60®C. It is only sparingly soluble in carbon 


disulphide and carbon tetrachloride, but is 
readily dissolved by benzene, chloroform and 
ethyl acetate. 

Trinitroanisol is slowly hydrolysed by cold 
alkalis, more rapidly when heated, with the 
formation of the corresponding picrates. It 
forms additive compounds with pyridine and 
quinoline, the m.p. of the pyridine compound, 
according to Giua and Michele, being 114-H5°C. 

Trinitroanisol is poisonous and in sensitive 
persons gives rise to severe cutaneous irritation 
(llzhofer. Arch. f. Hyg. 1918, 87, 213). 

Explosive Properties .—Trinitroanisol is a very 
stable explosive and according to Van Duin can 
be heated for 240 hours at 95°C. without under¬ 
going any noticeable change. Lehalleur statcN 
that its explosive power is slightly less than 
that of picric acid. 

When tested by the bomb method trinitro¬ 
anisol at a density of 0*25 gives a pressure of 
2,850 kg./cm.®, as compared with 3,230 kg./cm.® 
for picTic acid. 

The minimum quantity of mercury fulminate 
necessary to produce detonation is 0*37 g. and 
of lead azide 0*28 g. (Wohler and Martin). Its 
rate of detonation, as determined by the 
Dautriche method, is 7,640 m./soc. 

V. NITRO-SULPHUR COMPOUNDS. 

llKXAmTRODlPIlENYL SULPHIDE {Picryl 
Sulphide), [C 0 H 2 (NO 2 ) 3 ] 2 S.—This explosive, 
w^hich has been used as a constituent in air¬ 
craft bomb fillings, can be prepared (G.P. 
275037) by heating 100 kg. of l-chloro-2:4:6- 
trinitrobenzene and 19 kg. of magnesium 
carbonate with four times their bulk of alcohol 
in a vessel fitted with a reflux condenser and 
adding 60 kg. of sodium thiosulphate to the 
boiling mixture. A second process proposed by 
Giua (Gioni. Chem. Ind. Appl. 1924, 6 , 166) 
consists in treating picryl chloride with an 
alcoholic solution of thiourea, ethyl urea being 
obtained as a by-product. 

Properties .—Hexanitrodiphcnyl sulphide 
occurs in yellow crystals w’hich melt at 230- 
23PC. and deflagrate at 290°C.; it is insoluble 
in water, slightly soluble in alcohol and ether, 
but readily soluble in acetone, and is not 
decomposed by boiling soda solution. It can be 
safely compressed under high pressures without 
losing its power of detonation. When subjected 
to a pressure of 2,000 kg. per sq. cm., the 
density is 1*7. When tested by the lead block 
method it gives an expansion of 1,630 ml., as 
compared with 1,530 ml. for picric acid, and 
its figure of insensitiveness to impact is 57, as 
compared with 100 for the latter explosive. 

Hexadinitrodiphenyl sulphide is non-poisonous, 
but on explosion it gives rise to sulphur dioxide, 
a property which enhances its value to a certain 
extent from the military point of view. 

Hbxanitrosulphobenzidb (Hexanitro- 

diphenyUulphone), [C 0 Ha(NO 2 ) 3 ] 2 SO 2 , is one 
of the newer explosives which, mixed with 
an equal quantity of trinitrotoluene, has 
been suggested for flUing aircraft bombs. 
According to the German patent (G.P. 260826), 
it is prepared by treating a suspension of hexa* 
nitrodipnenyl sulphide in nitric acid with 
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oxidiBing agents such as bichromate and certain 
manganese compounds. 

Properties .—Hexanitrosulphobenzide occurs 
in yellow crystals which are not poisonous and 
do not give rise to dermatitis. It does not form 
salts and has no action on metals. It is only 
slightly soluble in water, alcohol or benzene, 
but dissolves in glacial acetic acid and in a 
mixture of alcohol and acetone. Hexanitro¬ 
sulphobenzide melts at 307'^C. It is very stable, 
not being affected by boiling with water or soda 
solution, and can be heated at a temperature of 
130° for a considerable period without under¬ 
going any decomposition. 

Its explosive power is similar to that of 
hexanitrodiphenylamine, but it is less sensitive 
to shock and less costly to manufactui-e than 
this explosive. 

VI. NITRO-AMINO EXPLOSIVES. 

Tetryl. 

Tetralite, trinitrophenylmcthylnitramine, 

CeHalNOalsNMeNOg. 

This important explosive is used in large 
quantities in detonators and as a “ })riming ” 
or, as it is termed in America, a “ booster,” 
in order to facilitate the detonation of less 
sensitive high explosives. It is usually pre¬ 
pared by the nitration of dimethyJaniliiie. 

A specially purified form of this explosive is 
known in the British Service as Composition 
Exploding or “ C.E.” 

Purity of the Primary Material .—In order to 
obtain a good yield of high quality tetryl the 
dimethylanilino used as the raw material should 
be of a high degree of purity. According to 
Ilesvergnes (Mem. Poudres, 1922, 19, 217) 
98% should distil between 191° and 193°C. 
This authority also gives the following methods 
for the determination of aniline and mono- 
methylanihne in dimethylaniline. 

Determination of Aniline. —7-8 g. of the 
dimethylaniline are dissolved in 28-32 ml. of 
hydrocldoric acid and the solution made up to 
200 ml. with water. A little ice is added to 
10 ml. of this solution and then sufficient 
sodium nitrite to diazotise the mixture. The 
whole is then added to a measured quantity of a 
solution of the sodium salt of jS-naphthol- 
disulphonic acid of known strength, containing 
an excess of sodium carbonate. The colouring 
matter is precipitated by sodium chloride and 
filtered off. The same operation is repeated with 
increasing quantities of the solution of p~ 
naphtholdisulphonic acid until the filtrate no 
longer gives a coloration on the addition of a 
further quantity of this solution. The 
naphtholdisulphonic acid solution is standard¬ 
ised by means of pure anibne under similar 
conditions to those employed in the test. 

Determination of Monomethylaniline .—From 1 
to 2 g. of the dimethylaniline are placed in a 
flask and about 2-4 g. of acetic anhydride, 
accurately weighed, is quickly added. The flask 
is attached to an upright condenser and the 
mixture allowed to react at the ordinary 
temperature, whereby the anihne and the mono- 


methylanihne are converted into acetanilide 
and methylacetanilido respectively, the di- 
methylanihno not being attacked. At the end of 
30 minutes 60 ml. of water are added and the 
mixture heated on the water bath for 45 minutes 
in order to decompose the excess of acetic 
anhydride. The solution is then made up to a 
measured volume and the amount of acetic acid 
present is determined by titration of an aliquot 
portion. The quantity of acetic anhydride used 
in acetylation is then found by calculation. If 
the amount of aniline has already been deter¬ 
mined the quantity of acetic anhydride required 
to acctylato the monomethylaniline can then be 
determined by differciice. 93 parts of anilint* 
require 51 parts of acetic anhydride, and 107 
parts of monomethylaniline require 51 parts of 
acetic anhydride for acetylation. 

Manufacture. 

Details with regard to the manufacture t)f 
tetryl arc given by Langenscheidt (Z. ges. Schioss- 
u. Sprtmgstuffw. 1912, 7, 445), Desvergnes {M6m, 
Poudres, 1922, 19, 217), who also gives a very 
ctunpleto bibliography with regard to this 
exfdosivc, and Bain (Army Ordnance, 1920, 6, 
435). According to Bain the following process 
was employed in America at the Picatinny 
Arsenal : 1 part of dimethylaniline was added 
to 14*4 parts of 90-99% sulphuric acid contained 
in a jacketed vessel, sufficient agitation being 
maintained to setmre solution of the dimethyl¬ 
aniline in the acid. At this stage of the process 
it is extremely im])ortant to avoid side reactions 
such as the formation of aulphonic acids, and the 
temperature, therefore, was kept below 30''C. 
during the whole ])eriod of sulphation. The 
nitration was cairicd out by running the 
dimethylaniline 8ul])hate into the nitrating acid, 
which consisted of 07% nitric acid, 10% sul- 
phuric acid and 17% of w ater. The acid was 
contained in a jacketed nitrator and the mixture 
w'^as W’cll agitated during the addition process. 
The temperature during the nitration was 
kept between 08° and 73°, and after all the 
dimethylaniline sulphate had been added the 
mixture was kept at this temperature for 
20 minutes and after coohng to 50°C. the whole 
charge w^as drowned in water, the tetryl separated 
and w^ashed with cold water. 

The following method for the manufacture of 
tetryl is given by Langenscheidt {l.c.) : 1,000 
kg. of lead-free sulphuric acid (97-98%) is 
placed in an enamelled pot provided with a 
stirrer and jacket through which either water 
or steam can bo passed. 100 kg. of dimethyl¬ 
anilino of a high degree of purity is run slowly 
into the acid, the mixture being constantly 
stirred. At the conclusion of this operation, 
which takes about 2 hours, the mixture 
is nitrated by running it in a thin stream 
into 430 kg. of nitric acid (1-483) which has been 
previously heated to 40°C. At first the tempera¬ 
ture must not be allowed to rise above 44°C., 
but when two-thirds of the solution have been 
added the temperature may be allowed to rise 
to 65°C. When the whole of the dimethyl¬ 
aniline sulphate has been added, an operation 
which requires about 8 hours, the mixture is 
maintained for another 2 hours at 53-55° to 
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complete the nitration. The mixture is then 
cooled to the ordinary temperature and allowed 
to stand overnight. Next morning the waste 
acid k run off and the residue washed, first with 
dilute sulphuric acid and then with water until 
free from acid. The yield is about 210 kg., 
whereas according to theory it should be about 
237 kg. 

Purification ,—Before use the crude tetryl 
requires purification. Although by boiling two 
or three times with hot water it is possible to 
remove practically all the surface acid and 
certain other impurities it is impossible to 
eliminate all the occluded acid by this method. 
Purification by recrystallisation from a solvent 
such as benzene has been employed. 

Tetryl can also be purified by dissolving the 
dry crude material in three times its weight of 
acetone to which a little ammonium carbonate 
has been added, strongly agitating the solution, 
filtering and then pouring the solution into 
about three times its volume of water, when 
practically pure tetryl is precipitated. 

Tetryl can also be purified by recrystallisation 
from nitric acid, but when this solvent is used it is 
difficult to eliminate the last traces of acid. 

Oranulation .—For some purposes tetryl is 
converted into granules by mixing it with a 
10% solution of gum arabi(' and rubbing the 
mixture through sieves and subse({uently drying. 

Impurities in Commercial Tetryl ,—The im¬ 
purities most frequently found in tetryl can, 
according to Knowles (Ind. Eng. Chem. 1920, 12 , 
246), be divided into two classes : lirst, lower 
and higher nitrated dimethylanilines and, 
sec'ond, impurities in the dirnethylaniline used 
or compounds formed by the nitration of these 
impurities. The possibility of the presence of 
picric acid must also b(5 considered, as tetryl 
is hydrolysed by water to a certain extent with 
the production of trinitrophenol as one of the 
decomposition products. Contamination of 
crude tetryl with pentanitrated compounds was 
indicated by the fact that on boihng such 
material with water and evaporating the aqueous 
extract to dryness trinitroinethylnitramino- 
phenol, a product produced by the hydrolysis 
of tetranitrophenylmethylnitramine, was found 
in the residue. If this «/-nitrotetryl is boiled 
with sodium carbonate, not only is the m- 
nitro group replaced but the entire methyl- 
nitramino radical is removed with the substitu¬ 
tion of a second — ONa group and the forma¬ 
tion of the soluble disodium salt of styphnic 
acid. The occurrence of rw-nitrotetryl in crude 
totiyl is due to the presence of monomethyl- 
anihne in the dirnethylaniline used as the raw 
material in the manufacture of the explosive. 
Experiments showed that the percentage of 
w-nitrotetryl present in the crude tetryl varied 
directly as the monomethylaniline content of 
the mixture nitrated and that if pure dimethyl- 
aniline were used no wi-nitrotetryl was produced. 
The presence of this w-nitrotetryl is considered 
to be the cause of the instability of crude tetryl, 
as the mobile w-nitro group easily gives rise to 
the formation of nitrous acid. 

The addition of 10% of m-nitrotetryl to tetryl 
melting at 128*6°C. was found to lower the 
fusion-point by 4®C. and the heat test from 26 to 


3 minutes. It is considered, however, that the 
ordinary qualitative heat tests are of little value 
in determining the stability of tetryl, and prefer¬ 
ence is given to the Obermiiller gas evolution 
test for determining the purity of the explosive. 
Knowles suggests the use of sodium carbonate 
as a method of purifying the crude material, 
but as the employment of this material leads to 
the formation of sodium picrate, w'hich is some¬ 
what difficult to remove entirely by washing, 
treatment by solvents appears to be preferable. 

Pkopeuties. 

Purified tetryl occurs in the form of a fine, 
pale-yellow crystalline powder having a density 
of 1-726. It is not hygroscopic, but the com¬ 
mercial produ(!t may bo slightly so on account of 
the impurities present. 

The specific heat, according to Taylor and 
Kinkenbach, is 0-188 at 0X\, 0-191 at 22-5‘^C. 
and 0-20 at 97‘^’C. 

Aleliing-point .—The m.p. of the pure material 
according to Kaoum (Z. ges. Schiess- u. Spreng- 
stoffw. 1927, 22. 69) is 131-SX'., but Desvergnes 
gives 128-8^^0. and Marshall 129%'., which is 
probably the most correct figure, (food com¬ 
mercial tetryl should have a m.p. of not less 
than 128-.5%’. 

Solubility .—Tetryl is almost insoluble in 
w^ater, 100 g. of this solvent dissolving only 
0-007 g. at 15^ and 0-020 g. at 50"C. Carbon 
tetrachloride dissolves 0-02% at 16”, alcohol 
0-49% and ether 0-38% at the same tempera¬ 
ture. The material is, however, very soluble in 
acetone, 100 g. of the solvent dissolving 66-8 g. 
at 22^^ and 111-8 g. at 60"C. 

Effect of Alkalis .—When boiled with an 
aqueous solution of caustici potash, tetryl decom¬ 
poses with the formation of potassium picrate 
and methylamine. 

Effect of Heat .—According to Van Duin and 
Van Lennep commercial tetryl after heating 
for 1 hour at 60"' gave a faint reaction with 
starch iodide paper, but at 32°C. it was from 
4 to 6 weeks before any effect on the paper was 
observed. 

Pure tetryl was found to be extremely stable 
and showed no change after heating for 1,480 
hours at 95®. 

Desvergnes (Mem. Poudres, 1922, 19 , 217) 
found that tetryl having a m.p. of 128-5® when 
heated for 24 hours at 100° had its fusion-point 
lowered by 0-4°C., and after 600 hours’ heating 
the m.p. had fallen to 71°C. On heating 
tetryl at 120°C. in vacuo the gas evolved in the 
early stages of the experiment consisted almost 
entirely of nitrogen and carbon monoxide. 
Towards the end of the test appreciable 
quantities of carbon dioxide were produced, but 
no nitric oxide was detected at any stage. 

According to Van Duin (Dissertation Utrecht, 
1918, 89) tetryl when heated from 100° at the 
rate of 20°/min. “ puffs off ” at 196°, but if 
the rate of heating is only 6°/min. the same 
effect takes place at 187°C. 

Physiological Effect .—Tetryl is somewhat 
poisonous and with certain workers has an 
injurious effect on the skin, giving rise to 
dermatitis. 
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Explosive Properties ,—According to Giua, the 
following is one of the theoretical equations of 
the explosive decomposition of tetryl : 


2CeHj{N02)3N(CH3)N02 

-12C0-i-2C02 + 5H2-h5N2 


Haid and Smith observed amongst the 
products of explosion the presence of carbon 
monoxide and hydrogen and also the separation 
of carbon. 

It is more sensitive to blows than picric acid 
or trinitrotoluene ; according to Langenscheidt 
it can be exploded by a 5 kg. weight falling 
.‘11 cm., whereas trinitrotoluene requires a fall of 
about 110 cm. for the same weight. Tetryl is 
also more readily detonated by initiatory explo¬ 
sives than trotyl. Wohler and Martin (Z. ges. 
SchiesH- u. iSprengstolfw. 1917, 12, 1) state that 
whereas the minimum amounts of mercury 
fulminate and lead azide required to detonate 
I g. of trinitrotoluene arc 0*30 and 0-09 respec¬ 
tively, the corresponding amounts for tetryl 
are only 0-29 and 0-025 g. 

When tested in the Trauzl block 10 g. give an 
expansion of 390 ml. compared with 305 ml. 
for picric acid. The volume of gases produced 
by 1 kg. of the explosive is, according to Kast, 
710 litres, or according to Muraour, 750 litres 
at N.T.P. (water gaseous). 

The rate of detonation at a density of 1 -53 is 
7,075 m./sec. and if the density is increased to 
l '()3 the velocity is 7,215 m./sec. 

I 'SES. 

Although tetryl is emj)loyed to a large extent 
for military purposes as an intermediary explo¬ 
sive and also in detonators, it is not used to any 
appreciable extent in commercial explosives as 
it is relatively costly to produce. 

A Favior explosive. Orison tefrylile couche, 
contains ammonium nitrate 88%, potassium 
nitrate 5% and tetryl 7%. New Fortex contains 
ammonium nitrate 35%, potassium nitrate 
33%, tetryl 12% and ammonium chloride 20%. 
Oakley quarry powder is a blasting explosive 
consisting of ammonium nitrate and tetryl. 

Testing. 


the material arc dissolved in 1(K) ml. of warm 
benzene, the solution shaken out with water 
and the aqueous extract titrated with N/IO 
sodium hydroxide solution. 

Acetone Insoluble .—10 g. of the material are 
dissolved in acetone and the solution filtered. 
The residue is w-ashed witli acetone until free 
from tetr 3 d. The. insoluble matter is then dried 
and weighed. The inorganic- insoluble matter is 
determined by ignition of tlie residue and re¬ 
weighing. 

The total insoluble* injittci* should not exceed 
0-05% and not more than 0 03% of organic 
insoluble matter should be present. 

Ftcdnlity .—Tetryl is a fairlj" stable explosive, 
but on account the instability of tlie nitramino 
group the tiompound decomposes much more 
rapidly than (-ompounds of the trinitrol>enzene 
type and may urulcrgo deterioration in storage if 
incompletely ])urified. 

Farmer (j.C.S. 1920, 117, 1432) has described 
a test which is ])articularly applicable for 
determining the stability of tetryl. The 
apparatus consists of a small glass vessel which 
is connected to a stout capillary tube })rovided at 
one extremity with a wide cup. The vessel, 
which is also furnished with a cup to form a 
mercury seal, is connected to the (-apillary by 
means of a ground glass joint. 

Briefly the test is carried out as follows: 
5 g. of the well-dried explosivt* are introduced 
into the small glass V(*8se!, th(‘. capillary tube 
connected and the joint sealed with mercury. 
Mercur\" is ])laeed in the cup of the capillary 
tube and the apparat us exhausted by means of a 
vac»mm pump, the tube being so inclined that the 
mercury does not interh.-re with the withdrawal 
of the air. When a high degree of vacuum has 
been obtained the pum]) is stopped and the tube 
placed in a vertical f)osition. The apparatus 
is then disconnected from the pump and the 
mercury rises in the capillary to approximately 
barometric height. The tube is then placed in a 
special constant-temperature bath at 120° and 
heated for a definite period, readings of the 
height of the mercury being taken from time to 
time. ISinco the volume of the whole apparatus 
is known it is possible to calculate the amount of 
gas evolved in a given period. 


Moisture is determined by drying for some 
hours in a boiling water oven. The amount 
present should not exceed 0*05%. 

Melting-point ,—This is determined in the 
usual manner in a capillary tube. Good quality 
tetryl should not melt below 128-5°C. 

inciting-point .—References are made in the 
literature to the determination of the setting- 
point of tetryl, but according to Farmer (J.G.S. 
1920, 117, 1603), the rapid decomposition of 
molten tetryl makes it impossible to obtain 
accurate measurements and determination of 
the melting-point in a capillary tube is to be 
preferred. | 

Acidity ,—This is determined by boiling 6 g. i 
of the material with 60 ml. of water, filtering 
and titrating the filtrate with A/10 sodium 
hydroxide solution using phenolphthalein as i 
indicator. 

In order to test for occluded acidity 10 g. of I 


I Tetranitraniline (T.N.A.). 

The properties of this compound are described 
in considerable detail by Flurscheim (J.S.C.L 
1921, 40, 97T), who first introduced it as an 
explosive. It is yellow in colour, but large 
crystals sometimes exhibit a greenish tint. 
The density, 1-867, is higher than that of any 
other organic high explosive and it contains 
25-65% of nitrogen. 

Tetranitraniline is practically insoluble in 
water, 60 litres dissolving only 1 g. at 13°C., 
but it is more soluble in acetone, xylene and 
nitroxylene. It is only slightly hygroscopic, 
adsorbing 0-19% of moisture in 32 days when 
exposed to a damp atmosphere. The compound 
is neutral in reaction and whether wet or dry 
does not attack iron, tin, copper, aluminium or 
zinc at ordinary temperatures. When exposed 
in glass bottles to daylight for a number of 
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years the explosive apparently suffered no 
change. 

It cannot be fused without decomposition, 
but if heated at the rate of about 6°/min. it 
melts at about 216°C., and explodes at about 
240°C. It is stated that several thousand 
pounds of this explosive which had been ignited 

flashed,” but no explosion occurred. While 
being somewhat more sensitive to shock than 
picric acid, it requires a heavier blow to cause 
explosion than is necessary for tctryl. 

The outstanding property of tetranitraniline is 
its higli shattering power, or brisancc, as 
determined by the Trauzl block method ; the 
enlargement produced by 10 g. being 415 ml., as 
compared with 375 ml. for tetryl and about 
320 ml. for picric acid. 

One of the chief objections to the extended 
use of this very powerful explosive has been the 
doubt as to its capability of withstanding 
prolonged storage without decomposition. On 
boiling with water it is converted into trinitro- 
nminophenol and the same compound is obtained 
at the ordinary temperature by treatment with 
an aqueous solution of sodium acetate. 

According to Murscheim, no tetranitraniline, 
including impure samples, has proved unstable 
in the sense of being unsafe to handle or store, 
and the results of numerous tests of the com¬ 
mercial product are quoted in support of the 
claim with regard to its stability. 

On the other hand, Ingraham (Army Ordnance, 
XI, 59) states that investigation of tetranitrani¬ 
line by the U.S. Ordnance Department showed 
evidence of decomposition by the heat test at 
65*5°C. when only a small amount of moisture 
was present. Furthermore, examination of the 
material which had originally an acidity of 
0*02% calculated as sulphuric acid and a m.p. of 
210®C. showed after storage for 9 years that the 
acidity had increased to Id2% and the m.p. 
had fallen nearly C°C. Although the original 
explosive withstood heating at 135°C. for more 
than 5 hours, the stored material on being sub¬ 
mitted to this test exploded after 15 minutes. 
In addition, the latter material was found to be 
less sensitive tc detonation and the brisance as 
determined by the sand bomb test was also 
somewhat reduced. Chemical examination of ; 
the decomposing material showed that about 
2'5% of water-soluble matter, consisting of tri- : 
nitroaminophonol, was present. 

It was concluded that the tendency of tetra¬ 
nitraniline to react with water, with the resulting ( 
production of acidic bodies, was unfavourable to i 
its use as a military explosive where long periods 
of storage were involved. 

1 

Pentryl. 

fiywi-Trinitrophenylnitraminoethyl nitrate, | 

CeHjCNOalsNCNOalCHgCHaONOa ^ 

( 

The preparation and properties of this explo- ] 
sive have been described by Clark (Ind. Eng. ( 
Chem. 1933, 25, 1386). Moran, in 1925, pre- 1 
pared pentryl by the nitration of 2:4-dinitro- i 
phenylaminoethanol, and Herz produced it by < 
nitrating hydroxyethylanilinc. 


> Manufacture ,—^Moran prepared the dinitro- 

phenylaminoethanol by dissolving KX) parts of 
, 2:4-dinitrochlorobenzene in 610 parts of 95% 

; ethyl alcohol, adding 30 parts of aminoethanol 
) and warming the solution to 70°C. and then 
[ slowly adding 20 parts of sodium hydroxide 
i dissolved in 30 parts of water to the rapidly 
I agitated alcoholic solution. The mixture was 
maintained at 70-80®C. for 30 minutes after the 
addition of the sodium hydroxide. After 
cooling, the precipitated sodium chloride was 
filtered off and the filtrate concentrated to 
about one-third of its bulk and allowed to stand. 
After a few hours dinitrophenylaminoethanol 
was precipitated in the form of large orange- 
yellow crystals. The yield after washing with 
alcohol to remove adhering mother liquor was 
about 70% of theoretical. 

In order to prepare pentryl, 100 g. of the 2:4- 
dinitrophenyJaminoethanol are dissolved in 
1,000 g. of 95% sulphuric acid, keeping the 
temperature between 20 and 30°C., and the 
resulting solution is then gradually added to 
300 g. of nitric acid (sp.gr. 1*48), the tempera¬ 
ture being kept between the above limits. After 
the addition of the acid solution the temperature 
is kept at 30® for half an hour and then slowly 
raised to 40®C., which is maintained for a further 
half-hour. The mixture is then heated for the 
same period at 50®C. 

During the later stages of nitration pentryl 
separates out as a fine powder in the spent acid, 
from which it may be separated by drowning in 
ice water. The yield is about 90% of theoretical. 

The acidic product is stabilised by washing 
with w ater and cold sodium bicarbonate solution 
and it can bo purified by crystallisation from 
benzene. 

Physical Properties ,—Pentryl prepared by the 
above process occurs in the form of microscopic 
crystals having an apparent density of 0*45 and 
an absolute density of 1-82. The pure material 
melts at 128°C. 

Pentryl is only slightly soluble in ethyl alcohol, 
chloroform or ether. It is readily soluble in 
hotkbenzene, but 100 g. of this solvent dissolve 
only 0*7 g. at 25°C. 

Explosive Properties ,—Pentryl is slightly less 
sensitive to blows than tetryl, a fall of 30 cm. for 
a 2 kg. weight being necessary to explode the 
former as compared with a fall of 27*5 cm. for the 
latter explosive. Its sensitivity to detonation 
by mercury fulminate or lead azide is of a similar 
order to that of tetryl, but it is somewhat more 
sensitive to friction than the latter. When 
tested by the sand bomb test its explosive power 
was found to bo about 29% greater than that of 
trinitrotoluene and 4% greater than that of 
tetryl. 

Stability .—^When stored in distiUed water at 
room temperature for 16 weeks it showed no 
signs of deterioration at the end of the period, and 
after exposure to light for several months it 
developed only a slight discoloration. After 
heating at 76°C. for 48 hours no loss of weight 
ocourred, and after a period of 40 days at this 
temperature the explosive power was not 
impaired. If heated, however, at 120®C. oxides 
of nitrogen were produced after a period of 
4 hours. 
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Hexanitrodiphenylamlne (Hexyl). 

This explosive has been used to a considerable 
extent, usually in admixture with other explosives 
^18 a filling for bombs, mines and warheads for 
torpedoes. 

Manufacture. —Hexanitrodiphenylamine can 
be prepared by the direct nitration of diphenyl- 
amine, but usually asymmetrical dinitro- 
diphenylamine is used as the raw material. 
This latter compound is prepared by the con¬ 
densation of aniline and dinitrochlorobenzene in 
the presence of water or alcohol: 
2C,H.NH2+C,H3(N02),CI 

=^e,H 3 NHC 3 H,(N 03 ) 3 +C,H 3 NH 3 HCI 

The resulting mixture of dinitrodiphenylamine 
and aniline hydrochloride is powdered and 
washed with hot water in order to remove the 
latter compound. 

The further nitration is carried out in two 
stages, the first of which converts the dinitro- 
diphenylamino into tetranitrodiphenylamine, and 
in the second stage the hexanitro- body is 
produced. 

In the German process the nitration in both 
these stages is effected by means of nitric acid 
only, mixed acid not being used. 

To convert the dinitro compound into the 
tetra modification the former is added to 4-5 
times its weight of nitric acid (sp.gr. 1*33), 
which is contained in a stoneware vessel heated 
to 90-100°C. The dinitro body is dissolved by 
the acid and on cooling the tetranitro compound 
separates out as a yellow powder, which is 
separated from the waste acid by filtration or by 
a centrifuge. 

The final stage of nitration is effected by 
adding the tetranitro compound to nitric acid 
(sp.gr. 1-5) which is heated to 40°C. in a large 
enamelled cast iron vessel. During the addition 
of the tetranitrodiphenylamine the temperature 
rises to 85-90°. After cooling, the waste acid is 
removed and the product treated first with 
strong nitric acid and then with dilute acid. 
It is finally washed with water and dried. 

Properties. —H exanitrodiphenylamino occurs 
as a yellow, practically non-hygroscopic crystal¬ 
line powder which turns brown on exposure to 
sunlight. It is practically insoluble in water, 
ether, benzene or alcohol and only slightly 
soluble in acetone, but dissolves fairly easily 
in boiling glacial acetic acid and is readily 
soluble in fuming nitric acid. It melts at about 
260°C., but the actual fusion-point is difficult to 
determine as the explosive begins to decompose 
somewhat below this temperature. Hexanitro¬ 
diphenylamine exhibits acidic properties and 
forms salts with bases, but owing to its extremely 
slight solubility in water it produces salts much 
more slowly than picric acid. According to Kast 
and Langhans (Z. ges. Schiess- u. Sprengstoffw. 
1919, 14, 1) the salts, with the exception of 
the lead and potassium compounds, are generally 
not more sensitive to shock or heat than the 
explosive itself. 

Hexanitrodiphenylamine is very poisonous and 
has a harmful effect on the skin. The dust is 
injurious to the nasal and bronchial passages. 

Explosive Properties. —The velocity of detona¬ 
tion at a density of 1*58 is 7,100 m./sec., and at 


1*67 it increases to 7,150 m./sec. It “ puffs 
off ’* when heated to between 250 and 260°C. It 
is more sensitive to blows and initiating 
explosives than picric acid, but not so sensitive 
as tetryl. 

Novit contains 60-70% hexanitrodiphenyl¬ 
amine and 40-30% of trinitrotoluene. 

Ethylenedinitramine, [CHa-NH-NOaV 

According to Hale (U.S.P. 2011578), ethylene- 
dinitramine possesses special properties as an 
explosive which render it of considerable interest 
for various purposes. 

It possesses a fairly high resistance to detona¬ 
tion by impact or shock, a fall of 26 cm. by a 
2 kg. weight being required to cause detonation. 

It is practically non-hygrosc'opic and only 
slightly soluble in water, 0-5 g. being dissolved 
by 100 g. of this solvent. 

When tested by the Vacuum Stability Test 
it shows a stability equal to that of tetryl. 
It explodes when heated to a temperature of 
180°C. 

Hale suggests that it is suitable as a shell 
filling or as an initiating explosive and could be 
used in place of tetryl. 

VII. NITRIC ESTERS. 

On nitration, the alcohols and carbohydrates 
yield true nitric esters or organic nitrates, which 
[ are explosive compounds. The esters of the 
lower alcohols are too volatile for use as explo¬ 
sives, while those of the higher alcohols are usually 
costly to produce. The sugars form nitric esters 
and the nitration products of mannitol and 
inosite have been suggested as explosives. 
The internal structure and explosive character¬ 
istics of the nitric esters are different from those 
of the nitro derivatives, but unfortunately this 
difference has not been recognised in the 
technical nomenclature. The nitration products 
of the alcohols, sugars and cellulose are all 
kno^vn technically as nitro explosives. 

With reducing agents the explosive com¬ 
pounds of this class yield more or less the 
primary substance of the nitration and not the 
amino compound as do the nitro derivatives. 
The nitric esters may be readily distinguished 
from the nitro compounds by the fact that when 
shaken with sulphuric acid in the presence of 
mercury in a nitrometer the former evolve 
nitric oxide, whereas the latter are not decom¬ 
posed by this method. 

The nitric esters generally are more powerful 
explosives than the nitro derivatives, but are 
less stable, more especially in the presence of 
impurities such as residual traces of the nitration 
acids. 

Alcohol Nitrates. 

Ethyleneglycol dInitrate {Dinitroglycol, 
mtroglycol), OaN OHgC CHgO NOj. 

This is a liquid explosive which is very 
largely used to replace part of the nitro¬ 
glycerin in dynamites in order to render them 
non-freezing. 

Manufacture. —Various patents have been 
taken out in connection with the production of 
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dinitroglycol, among which are those of Jolicord 
(E,P. 456456), involving the nitration of sulpho- 
glycol, Oehms (U.S.P. 1426313), nitration of 
ethylene, and Lewis (U.S.P. 560426), proposing 
the nitration of the condensation product of 
glycol and 2:4-rlinitrochlorobenzenc. Generally, 
however, dinitroglycol is manufactured by the 
direct nitration of glycol or mixtures of glycol 
and glycerol. In the latter case, nitroglycerin 
is, of course, produced simultaneously. 

Raw Material: Glycol. —In the manufacture 
of glycol, ethylene prepared from natural gas 
or by passing alcohol vapour over coke moistened 
with sulphuric or phosphoric acid is converted 
into ethylene dichloride by treatment with 
chlorine. An excess of ethylene should be 
present in order to avoid the formation of 
substitution compounds. The ethylene di- 
chloride is then treated under pressure by a 
mild alkali such as sodium carboTiate or bi¬ 
carbonate, and the glycol thus formed is 
separated from the salt solution by distillation 
in vacuo. 

Pure glycol is a colourless, somewhat syrupy 
liquid having a very sweet taste. Its sp.gr. at 
15° is 1*116 and at 25° 1*1096. At the latter 
temperature, for each per cent, of water present 
the sp.gr. is reduced by 0-007-0-008. 

Glycol is much less viscous than glycerol and 
is somewhat volatile at ordinary temperatures. 
Its refractive index is 1*4273 at 20°. For 
purposes of nitration tlic purity of the glycol 
should not bo below 97%. 

Nitration. —Glycol is nitrated in similar 
apparatus and by the same process as employed 
in the manufacture of nitroglycerin (.see p. 4935). 
According to Naoum, the maximum yield of j 
nitroglycol obtained from 100 kg. of anhydrous 
glycol and 625 kg. of mixed acid containing 58% 
H,S 04 , 41% HNO 3 and 1% H 2 O is 222*2 kg. 
when nitrating at 10-12°, and 218*3 kg. when 
nitrating at 29-30°. The yield in the former case 
is 90*6% of theory. 

Owing to the volatility of dinitroglycol and its 
solubility in water it is necessary to restrict the 
washing water to a minimum and to avoid high 
temperatures. 

Properties. —Pure dinitroglycol is a colourless, 
mobile liquid at ordinary temperatures, having 
no appreciable odour, but possessing a peculiar 
sweetish taste. Its specific gravity at 15°/16° 
is 1*496 and it freezes, after some supercooling, 
at —22*3° (Rinkenbach, Ind. Eng. Chem. 1926, 
18 , 1195). 

Nitroglycol is much less viscous than nitro¬ 
glycerin, its viscosity in e.g.s. units at 23*6° 
being 0*0363 as compared with 0*288 for the 
latter compound. The theoretical nitrogen 
content is 18*42%. The refractive index as 
determined in a Zeiss refractometer using sodium 
light is 1*4991 at 16°. At ordinary pressures 
nitroglycol cannot bo distilled without decom¬ 
position, but it has a b.p. of 105*5° at 19 ram. 
On heating rapidly it explodes with a sharp 
report at about 215°. 

Nitroglycol is not hygroscopic, but is somewhat 
soluble in water ; 1 litre dissolves 6*2 g. at 15°, 
6*8 g. at 20° and 9*2 g. at 50°C. It is readily 
soluble in alcohol, ether, chloroform, acetone, 
benzene, toluene and nitrobenzene, but only 


slightly soluble in carbon tetrachloride and 
“ benzine.” 

Nitroglycol is appreciably volatile, its vapour 
pressure, compared with that of nitroglycerin 
under similar conditions, according to Marshall 
(J.S.C.I. 1915, 34, 49) being as follows : 


Tetuperature, 

‘■C. 

! Vapour pressure 

1 (mill, of mercury). 

I^itroglycol. 

Nitroglycerin, 

0 

0*0044 

_ 

20 

0*038 

0*00025 

40 

0*26 

0*0024 

60 

1*3 

0*019 

80 

5*9 

0*10 

100 

22*0 1 

1 

0*50 


Inhalation of the vapourgives rise to symptoms 
similar to those produced by nitroglycerin, 
but, as in the case of the latter explosive, persons 
constantly working with nitroglycol usually soon 
develop immunity from its effects. 

Dinitroglycol rajudly gelatinises nitrocotton 
oven at ordinary temperatures. 

When treated with alcoholic potassium 
hydroxide it reac;is violently, forming potassium 
nitrate and glycoxide. 

Explosive Properties. —Nitroglycol is one of tin; 
most powerful explosives known, exceeding even 
nitroglycerin, which it resembles in many 
respects, in energy content ; on explosion 1 kg. 
produces 1,705*3 calorics (at constant volume and 
water liquid) as compared with 1,695 calories 
for the same weight of nitroglycerin. On 
detonation it decomposes according to the 
equation 

OgN-OH^C CHgO NOg 2 C 02 + 2 H 20 f Nj 

The explosive power as determined by the 
expansion in the lead block test is 110 , compared 
with 100 for nitroglycerin. 

The sensitiveness to shock as determined by 
the falling weight method is considerably less 
than that of nitroglycerin. According to Rinken¬ 
bach (Z.c.) the minimum fall of a 600 g. weight 
to cause explosion of nitroglycol is 110 cm., 
whereas a fall of 70 cm. suffices for nitroglycerin. 

Dinitroglycol in the liquid state is more sensi¬ 
tive to detonation by initiatory explosives than 
nitroglycerin, but, on the other hand, is less 
sensitive when in the frozen condition. 

The velocity of detonation, when in the form 
of a 76% kieselguhr mixture, was found by 
Naoum to be 6,000 m./sec., whereas under the 
same conditions of test nitroglycerin gave 
6,650 m./sec. 

Testing. —The nitrogen content can be deter¬ 
mined in the nitrometer in a similar manner to 
that of nitroglycerin (^ee p. 499d). 

According to Naoum, dinitroglycol rapidly 
reacts in the Abel heat test at 72°. He considers, 
however, that this action should be attributed 
to the relatively high volatility together with 
slight dissociation of the vapour of the explosive 
at the temperature of the test and that it does 
not indicate a low chemical stability. 
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Dinitroglycerin. 

This compound, together with the mono¬ 
derivative, was investigated by Mikolajczak, 
who described its manufacture and properties 
and drew attention to its commercial possibilities 
(Gliickauf, 1904, 40, 629). Will also published 
an account of its preparation, properties and 
uses (Ber. 1908, 41, 1107). 

Isomeric Forms, —There are two isomeric 
forms of dinitroglycerin, both of which are con¬ 
tained in the commercial product, the propor¬ 
tions of the two isomers present depending to a 
large extent on the method of manufacture of 
the explosive. Will succeeded in separating the 
two isomers by taking advantage of the 
property of one of them to form a crystalline 
hydrate. The isomer forming the crystalline 
hydrate is the symmetrical form, 

CHaOCNOglCHCOHjCH^ONOa. 

and was designated K dinitroglycerin, and 
the other isomer, which is the asymmetrical 
variety, CHgO (NOglCHO (NOg) CHg'OH, 
was called F dinitroglycerin. 

The K and F dinitroglycerins can be dis¬ 
tinguished by means of their y?-nitrobenzoyl 
esters, the K modification giving an ester which 
is soluble with difficulty in hot alcohol, whereas 
the F ester is readily soluble. 

Manufacture. —In the Mikolajczak process 
(which is the only one of commercial import¬ 
ance), glycerin is added to about 3-4 parts of 
nitric acid (sp.gr. 1*5) and the solution is allowed 
to stand for several hours in order to complete 
the nitration. The solution is then diluted and 
cooled and Jicutraliscd with calcium carbonate, 
whereby a strong solution of calcium nitrate is 
formed having a higher density than that of 
dinitrnglyc(‘rin, which floats on the surface. 
After separation the oil is treated with soda 
solution to remove any acid and then washed 
and dried. 

In Will’s method of preparation 100 parts of 
glycerin are slowl}’' run with constant agitation 
into r>00 parts of an ice-cold mixture of nitric 
and sulphuric acids containing 23% H 2 SO 4 , 
68 % HNO 3 and 9% of water. Marshall gives 
HNO 3 23%, H 2 SO 4 68 % and HgO 9%. 
The mixture is then poured into 10 parts of 
water and after removing any nitroglycerin 
which may have separated the dinitroglycerin 
is extracted by means of ether. The ethereal 
solution is neutralised with dilute soda solution, 
the ether distilled off' and the residual dinitro¬ 
glycerin washed with a little water and dried 
over sulphuric acid. 

Dinitroglycerin can also be obtained by 
dissolving trinitroglycerin in strong sulphuric 
acid, diluting the solution with water and 
extracting with ether. 

Properties. —Dinitroglycerin is a colourless or 
light yellow liquid which solidifies to a glassy 
mass at about —40° and distils without any 
appreciable decomposition at 146° under a 
pressure of 15 mm. 

According to Will, dinitroglycerin has a sp.gr. 
of 1*47 at 16°, but Naoum gives 1-617 at 20 °, 
the latter figure being more probably correct, 
as the former appears to have been determined 


on the wet material. It is definitely hygroscopic 
and forms a hydrate containing 3-2% of water. 

It is appreciably soluble in water, 1 part of the 
explosive being dissolved in 12*5 parts of this 
solvent at ordinary temperatures. It is also 
easily soluble in ether, alcohol, chloroform and 
acetone, but insoluble in carbon tetrachloride 
and “ benzine.” It is somewhat more volatile 
than nitroglycerin and produces similar physio¬ 
logical effects on workers who are handling it. 

Explosive Properties. —Dinitroglycerin is only 
slightly less sensitive to shock than nitro¬ 
glycerin, but is moi-e stable towards heat than 
the latter explosive. When detonaUnl it decom¬ 
poses as follows : 

CH2(0H)CH0(N02)CH20N02 

2C02 hC04 2H20H Nji Hj 

showing that the oxygen balance is deficient to 
the extent of 17*6%. 

When tested by the lead bloc'k methexi it 
shows only about 83% of the power developed 
by nitroglycerin in the same test. 

Uses. —At one time dinitroglycerin was used 
in the manufacture of non-freezing dynamites, 
but it has now been almost entirely superseded 
for this purpose by other explosives such as 
dinitrochlorohydrin, dinitroglycol, etc. 

Trinitroglycerin (commonly called 
Nitroglycerin). 

Nitroglycerin w^as discovered in 1847 by 
Sobrero, who described some of it.s properties, 
but did not make an analysis of it. No practical 
apidication of the properties of nitroglycerin 
were made until 1863, when its manufacture on a 
large scale was comratuiced by Nobel in a factory 
near Stockholm. 

It was first called pyroglycerin., afterwards 
glonoine oil and, still later, Nobel's blasting oil. 
Between 1863 and 1865 increasingly large 
quantities of nitroglycerin were made and 
exported, but serious accidents occurred about 
the year 1866 in different parts of the world 
and its use in many countries was prohibited. 
These restrictions were overcome by Nobel 
by the introduction of dynamite (1866-67), 
the transport and use of this form of nitro¬ 
glycerin being comparatively safe. 

Manufactuue. 

In the early days, nitroglycerin was manu¬ 
factured in pots made of porcelain or cast iron 
which were surrounded by cold water. The 
glycerol was slowly run into the mixed acids, 
stirring being effected by means of an iron or 
glass rod. After the addition of the whole of the 
glycerin, stirring was continued for a few minutes 
and after allowing the mixture to stand the 
nitroglycerin was skimmed off and well washed 
with water. 

In modern practice the explosive is produced 
on a large scale by the intermittent process in 
which lead or iron nitrators are used, or by the 
Schmid continuous method. 

Prime Materials ; Glycerol. —The glycerol 
used in the manufacture of nitroglycerin is of a 
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very high degree of purity and is practically Nitric Acid .—In order to obtain a good yield 
anhydrous. It is usually obtained by the of pure nitroglycerin the nitric acid should be 
saponification of fats or oils, but fermentation practically anhydrous. If the acid is too weak 
glycerol produced from sugar by a special lower nitrates are formed which dissolve in the 
fermentation process can be used. According to acid mixture. A small percentage of nitrous 
Naoum, however, this latter product is not acid is not objectionable, but the presence of 
usually so pure as ordinary dynamite glycerol more than 1 % is undesirable as it may cause 
and tends to give somewhat lower yields, but is difficulty in the washing of the acid “ oil ” or 
otherwise quite satisfactory for nitroglycerin in the denitration of the spent acids. Nitric 
manufacture. The presence of impurities in acid prepared in the usual manner by distilling 
the glycerol leads to the formation, on nitration, commercial sodium nitrate with sulphuric acid 
of bodies which render the product liable to may be used, but the sjnithetic acid obtained by 
spontaneous decomposition. Its specific gravity the oxidation of ammonia is purer and more 
must not be less than T260 at 15-f)°C. When suitable for the nitration. 

50 ml. are diluted with 100 ml. of distilled The results obtained by Crawford (J.S.C.I. 
water, not more than 0-3 ml. of normal acid or 1922, 41, 321T) when investigating the cause of 
alkali must be necessary to render the liquid the low Abel heat teats given occasionally 
neutral to phenolphthalein. by nitroglycerin indi(’ated that impurities 

The total residue on evaporation must not present in the nitric acid were the cause of the 
exceed 0-20% and the ash should not exceed low stability. Working with nitric acid pro- 
0-05%. The total residue is determined by duced from Chili saltpetre and sulphuric acid ho 
carefully evaporating 5-10 g. of the glycerin in a isolated an oil which was found to consist of 
platinum dish at a temperature of 160-180°C., tetranitromethane, monochlorotrinitromethane, 
with the addition of several successive smaU dichlorodinitroraethano and possibly a trace of 
amounts of water to avoid the formation of ehloropicrin. The last two substances have 
difficultly volatile polyglycerols. Evaporation practically no effect on the heat test when 
is continued until the residue is of constant present in nitroglycerin, but the two former 
weight. The glycerol should not contain more compounds cause a marked reduction in the 
than 1 % of water and must be free from, or time of the test when present to the extent of 
contain only traces of, chlorides, sulphates, only 0*01%. Monochlorotrinitromethane is 
calcium and arsenic compounds. It should be particularly objectionable, 0 01% causing a 
free from fatty acids ; in tlie process of distilla* decrease of about 14 minutes in the time of the 
tion of the glycerol, fatty acids of the same test, and even after the nitroglycerin had been 
boiling-point are apt to come over and when washed twice a test of only 2 minutes was 
jiitrated are difficult to remove from the nitro- obtained, whereas the original material gave 
glycerin. 16 minutes. 

A mixture of equal volumes of the glycerol Sulphuric Acid .—The sulphuric acid should be 
and a 10 % silver nitrate solution on standing very concentrated and of a high degree of purity, 
for 10 minutes in the dark should show no Its sp.gr. should not be below T842 at 15-5^’C., 
appreciable darkening, indicating the absence of and it should contain not less than 96% by 
reducing bodies. On the addition of lead acetate weight of H 2 SO 4 . Fuming sulphuric acid 
solution there should be no precipitate or at (oleum) is also used in making the mixed acids, 
the most only an opalescence (albumin test). The sulphuric acid should be as free as possible 

Even compliance with the above tests is from iron and arsenic compounds. An excess of 
insufficient to determine the suitability of a lead compounds is also objectionable, as on 
glycerol for use in the manufacture of nitro- mixing with the nitric acid there is a tendency 
glycerin and final approval depends upon a for the lead sulphate to separate out in the form 
practical nitration test on the small scale. This of crystals which render the mixed acid turbid, 
is usually carried out in a pear-shaped dropping If this precipitated lead sulphate is not removed 
funnel provided with a thermometer, a small it hinders the separation of the nitroglycerin, 
dropping funnel for the glycerol, a vent pipe for Mixed Acid .—According to the equation 
the fumes, a tube for admitting compressed air - .oLjMn 

and a cooling jacket. Briefly, the method of s el / 3 + 3 /n mo \ _i_Qu o 

carrying out the test is as follows : About 3 el * 2/3+ 2 1 

750 g. of the mixed acids, containing 1 part of 169 parts of nitric acid are required to convert 
nitric acid (sp.gr. 1*5) to 2 parts of sulphuric 92 parts of glycerol into 227 parts of nitro- 
ncid (sp.gr. 1-84), are placed in the funnel, well glycerin. In actual practice an excess of nitric 
cooled and agitated by a current of air. 100 g. acid above the theoretical amount is necessary, 
of the glycerol are then introduced drop by drop, otherwise towards the end of the process the 
taking care that the temperature does not velocity of the reaction would be reduced owing 
exceed 30°. The nitroglycerin should separate to the great dilution of the nitric acid. Sufficient 
cleanly after the mixture has stood for 10 sulphuric acid must be present to render possible 
minutes. After separation of the waste acid, the formation of nitroglycerin up to the end of 
the nitroglycerin is washed with water and the nitration. 

weighed. The yield should not be less than In the older method, using sulphuric acid 
226 g. containing 96% H 2 SO 4 and fuming nitric acid 

Owing to the fact that glycerol is liable to containing 93% HNO 3 , ^ parts of the former 
freeze if kept for a long period at a low tempera- acid are mixed with 3 parts of the latter, the 
ture it is usually stored in tanks or vats which resulting mixture containing about 6 parts of 
are provided with heating coils. water. For the nitration, 7-8 parts of this 
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mixed acid are used for 1 part of glycerol, the 
yield of nitroglycerin being from 210 to 216%. 
In the later process where oleum is employed 
containing 20 % of free sulphuric anhydride 
it is usually sufficient to mix 3 parts of 93% 
nitric acid with 4 parts of the oleum, the resulting 
mixture then containing only about 0 * 6 % of 
water. By using 620 parts of a mixed acid of 
this type to 100 parts of glycerol a yield of 
about 230 parts of nitroglycerin has been 
obtained. 

According to Naoum a mixed acid containing 
50% HNO 3 and 50% H 2 SO 4 is commonly 
employed in Germany, a yield of 234-235% 
of nitroglycerin being obtained when 5 parts of 
the mixed acids are used for 1 part of glycerol. 

The mixing of the acids is carried out in lead 
or iron tanks, a stream of compressed air or 
mechanical agitation being used to ensure 
homogeneity of the mixture. 1 Hiring the mixing 
there is a considerable development of heat, 
especially if fuming sulphuric acid is used, in 
which case special cooling devices are necessary 
in order to prevent excessive loss of nitric acid. 
The fumes evolved are passed through a 
condenser tower in order to recover any volatil¬ 
ised acid, but if the cooling is efficient the amount 
so obtained is only small. 

The mixed acid is stored in large tanks and 
allowed to stand for some days before use in 
order that lead sulphate and other impurities 
may settle out, and also that it may bo analysed 
and any necessary adjustment of the composition 
made. The mixed acid is run from the tanks as 
required into an elevator from which it is forced 
into a cylindrical vessel, in the charge house, to a 
fixed level which determines the charge. 

Nitration. —The manufacture of nitroglycerin 
on the large scale is a dangerous operation and 
great care is necessary in carrying out the 
process. The buildings in which the nitration, 
washing, etc., are carried out are ])rotected by 
mounds or thii^k w^alls so that in case of explosion 
the eflects are localised as far as possible. 

Older Processes of Nitration .—Mowbray carried 
out the nitration of glycerol in earthenware 
pots, using a large number of them and small 
charges. Each pot contained about 17 lb. of 
mixed acid into which 2 lb. of glycerol was 
introduced gradually by means of a siphon, the 
operation of nitration taking place simul¬ 
taneously in all the vessels. Mowbray intro¬ 
duced the use of compressed air instead of 
mechanieal stirrers for mixing the glycerol and 
acids. In later factories large lead vessels with 
conical covers w^ero used for the nitration, and 
agitation was effected by the combined use of 
compressed air and a stirring paddle or helix, 
the water which worked the latter being also 
used for cooling the mixture by passing through 
lead coils. The glycerol was allowed to fall on a 
disc, fixed to the shaft of the paddles above the 
level of the acid, from which it was thrown in 
fine drops on to the surface of the acid. 

A process of nitration involving new principles 
was introduced by Boiitmy and Faucher at 
Vonges in 1872 and subsequently worked on a 
large scale at Pembrey in South Wales. They 
separately mixed the glycerol with part of the 
sulphuric acid, forming sulphoglyceric acid, and 


the nitric acid with the remainder of the 
sulphuric acid. Each of these operations 
involves the liberation of heat, so that when the 
cooled mixtures were themselves mixed less 
heat W'as developed during the actual process of 
nitration. However, the nitration process takes 
some 24 hours for completion and the danger 
of leaving the nitroglycerin for such a long 
time in contact with the mixed acids more than 
counterbalances any advantage derived from 
the smaller development of heat. Serious 
explosions took jilaee in several factories using 
this process and it is no longer employed. 

Modern Intermittent Nitration Processes .—In 
European factories nitration is carried out in 
autogeneously welded lead vissels, agitation 
being effected by compressed air. In America, 
however, steel nitrators are us(‘d exclusively 
and mechanical agitation is employed. 

The lead nitrator is cyhndrical in shape, tlie 
diameter not exceeding two-thirds of the height, 
being furnished internally with a series of lead 
cooling coils. An extiunal water jacket also 
may be provided. 'The lead covit is i'urnished 
with glass window's so that the course of tin? 
nitration can bo observed. Through the cover 
pass the glycerin and aciil inlet pipes, the 
vapour exhaust pifie, the water and (ainijiressed 
air inlets. The bottom of the nitrator is inclined 
and provided with a stopcock ai the lowest 
part. 

At the commencement of the nitration the 
appropriate amount of mixed acid is run into the 
nitrator and the cooling water and air agitator 
turned on. Jn some cases brine at a low 
temperature is employed as the cooling agent. 
It is impossible to prevent a leak occurring 
occasionally in the brine system of the nitrator, 
and although this is not so serious in a lead plant 
it becomes an important factor w'ith a steel 
nitrator since the presence of (Iilorine from the 
brine makes the attack of the acid on the steel 
very much more rapid. Rotter (B.P. 443905) 
has suggested that the cooling medium shoulil 
bo mixed acid or even air or carbon dioxide in 
place of briu( 5 . 

When the mixed acid has reached a tempera ¬ 
ture of about 16° the glycerol is injected into the 
mixture, the rate of ilow being controlled by a 
valve which in some cases requires constant 
pressure to keep it open, so that should the 
operator have to leave the building in haste the 
supply of glycerin is automatically cut off. 

The rate of addition of the glycerol is so 
regulated that the temperature of the charge is 
about 22-26°, and in any case it should not 
exceed 30°. If red fumes are noticed at any 
time in the fume pipe the inflow of glycerin is 
out off and additional air blown in until the fumes 
cease. If the evolution of red fumes cannot be 
arrested or if the temperature should rise above 
30° with the full air current on, serious local 
decomposition is indicated and the charge is at 
once “ drowned.” 

The “ drowning ” tank consists of a cement- 
lined cistern or lead-lined wooden tank provided 
with a supply of compressed air. It should be of 
such a size that when half filled with water the 
amount of water is four to five times the quantity 
of acid to be diluted. 
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When the required amount of glycerin has been 
added the agitation is continued for a few 
minutes in order to secure homogeneity of the 
charge, which, after (tooling to about 15°C., is run 
into the separators. 

The amount of glycerol nitrated in one opera¬ 
tion varies from about 300 to 1,400 lb. The 
time of nitration depends to a large extent upon 
the efficiency of the cooling arrangements and 
varies usually between 20 minutes and 2 hours. 
In America, charges of about 1,100 lb. of glycerol 
arc nitrated in less than an hour. 

Sepabation. —The charge from the nitrator 
is run into a lead vessel which has an inverted 
conical bottom. The separator is provided with 
thermometers, fume pipe, compressed air for 
agitating and cooling coils so that the contents 
can be mixed and cooled in case any decom¬ 
position of the charge occurs. A glass window is 
provided just above the exit cock in order that 
the operator may see the line of demarcation 
between the acid and the nitroglycerin when the 
vessel is being em})ticd. Arrangements are also 
provided for drowning the charge if necessary. 
The nitroglycerir) being lighter than the waste 
acid rises to the top, and if the raw materials 
employed in the nitration have been of a high 
degree of purity separation takes place in from 
10 to 30 minutes. The presence of certain 
impurities such as fatty acids and colloidal 
silica, however, may increase very appreciably 
the time required for the separation and con¬ 
siderably retard the output of the plant. After 
the separation is compk;te the bulk of the nitro¬ 
glycerin is run off into the “ preliminary washing 
tank” and the waste acids into the “after 
separating house.” 

Moisak and Gregorev (Trans. Butlerov Inst. 
Chem. Kozan, 1934, No. 1, 187) have attempted 
to obtain quantitative figures for the effect of 
various substances on the speed of separation of 
nitroglycerin from the spent acid. Gorrosion 
impurities such as ferric sulphate and lead 
sulphate when present to the extent of 0-5% 
reduce the speed of separation by one half, whilst 
larger j)ercentages have a corresponding retard¬ 
ing effect. The composition of the spent acid 
also has an effect, the quickest separation being 
obtained with an acid containing about 17% 
of HNO;j and 13% of water, but the additional 
expense of working with such an acid would 
more than outweigh any increase in speed 
in separation. These workers have suggested 
urea as an accelerant for increasing the speed of 
separation, but it is not clear whether it shows 
any advantage over the materials normally 
used. 

Several proposals to accelerate the separation 
have been patented. MoUer (B.P. 13562, 1904) 
suggests the addition of from 0*5 to 2 parts per 
1,000 parts of glycerol, of aliphatic hydro¬ 
carbons such as paraffin oil, vaseline, etc., or 
fatty acid of high molecular weight such as 
stearic acid. Reese (B.P. 20310,1905) attributes 
the slow separation to the presence of small 
quantities of colloidal silica and adds sodium 
fluoride to the nitrating acids in the proportion 
equivalent to 0-002 part per 100 parts of glycerol; 
on the other hand, the addition of a silicate such 
as kaolin or steatite has been suggested (G.P. 


249573, 1911). According to Naoum this latter 
method does not give satisfactory results. 
Haddan (B.P. 18597) claims that the nitro- 
glycerin is rapidly separated from the nitrating 
acid by passing an electric current through the 
mixture between platinum electrodes, the gas 
bubbles formed during the electrolysis carrying 
the suspended nitroglycerin to the surface. 
This process, however, seems to be seldom, if 
ever, used in practice. 

Nitrator-Separator .—In 1901 Nathan, Thom¬ 
son and Rintoul (B.P. 15983) patented an im- 
jjroved nitrator-separator which is largely 
used in England at the present day. The two 
operations of nitration and separation are carried 
out in one operation and all earthenw^are coc;ks, 
which are a constant source of danger, are 
eliminated, the separated nitroglycerin being 
displaced from the top of the apparatus by the 
introduction of waste acid. 

The nitrator-separator (J.8.(M. 1902, 21, 

927) is a cyhndrical lead vessel with a bottom 
sloping in one direction with the usual coohng 
coils and air pijies leading in through the side 
just below the surface of the acid mixture. The 
cover, w'hieh is conical and autogeneously 
welded on to the body, tc-rminates in a small 
cylinder, provided with an inspection window, 
opening at the top into a fume pipe and also 
laterally into a gutter leading to the pre-wash 
tank. A thermometer passes through the cover. 
At the bottom of the vessel is a pipe with three 
braindu-s: one branch h'ads downwards to the 
drowning tank; another leads upwards and has 
two branches leading to the mixed acid and 
waste acid tanks respeidively ; the third loads to 
the denitrating plant. 

The process is carried out as Ibllows: After 
the nitrating acid has been run in and brought 
to the proper temperature, the glycerol injector 
is introduced and the nitration effected as 
usual. The nitric acid fumes are condensed in a 
Guttmann’s condensing tower, about 18 lb. of 
nitric acid of sp.gr. 1'32() being recovered pei' 
ton of nitroglycerin. After the nitration is 
completed the mixture is allowed to stand for a 
few minutes and then waste acid is gradually 
introduced at the bottom of the apparatus to 
displace the nitroglycerin as it separates. 
When the separation is complete a clear line 
of demarcation between the nitroglycerin and 
the waste acid is seen in the inspection cylinder. 

The apparatus is left full of waste acid until 
required for another nitration. In this way the 
life of the apparatus is largely increased, as no 
part of the interior is left exposed to acid fumes. 
Removing the nitroglycerin from contact with 
the acid as it separates and the cooling during 
separation increase the safety of manufacture. 

Pbbliminary Washing. —^The separated nitro* 
glycerin still contains about 10% of acids, 
mainly nitric acid, most of which is dissolved in 
the nitroglycerin. In order to remove the 
greater portion of the acid the contaminated 
nitroglycerin is run into circular lead-lined 
vessels which are one-third filled with water. 
The bottom of the tank is inclined towards a 
cock and there is another cock in the side of the 
tank above the level of the separated nitro¬ 
glycerin for drawing off the washing waters to the 
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“ wash water settling house.” Compressed air 
is blown into the tank whilst a thin stream 
of nitroglycerin is running in. The tank is 
provided with a thermometer and the tempera¬ 
ture is kept below 18°. After washing for a few 
minutes the nitroglycerin is allowed to separate 
and the wash water is run oif. More water is 
run in and the process repeated, any further 
nitroglycerin from the separator being added. 
The washing process is performed four times, 
dilute sodium carbonate solution containing 
about 3% NaXOg being used in the last wash¬ 
ing. When the j^reliminary washing is com¬ 
pleted the nitroglycerin is run down a lead-lined 
gutter to the “ wash house.” 

One type of pre-wash tank has a fixed cover 
with a fume pipe and has no cocks. The wash 
water is run off b}^ gradually depressing a rubber 
funnel, connected with the outlet, into the water, 
and the compressed air pipe is welded to the 
underside of the tank, the air holes being pierced 
through the bottom. This eliminates any 
possibility of friction, the bottom of the tank is 
left smooth and can be readily cleaned. The 
washed nitroglycerin is led off through a rubber 
tube leading on to a gutter which carries it to the 
wash house. Compressed air is blown through 
this rubber tube into the tank during the w ashing 
to keep it free from unwashed nitroglycerin. 

Final Washing. —The final purification of the 
nitroglycerin to remove the last traces of acid 
and other impurities is effected in a lead-lined 
tank over which the gutter from the pre-w^ash 
tank projects. The tank has an inclined 
bottom leading to the nitroglycerin draw-off' 
cock, and is fitted with compressed air pipes for 
agitating the contents. The wash waters as they 
separate are run off through a pipe near the 
bottom connected inside the tank by a length 
of rubber tubing with the “ skimmer,” an india- 
rubber covered metal funnel which (‘an be 
gradually depressed below the surfaces of the 
liquid. Cold water from the main or warm w^ater 
from an adjacent tank can be run into the tank 
through rubber tubes. The washing tank is 
fixed above a large drowning tank containing I 
water. I 

The use of solutions eontaining a mixture of 
trisodium phosphate and borax has been 
recommended (U.S.P. 1912399). In this process 
the nitroglycerin is first washed with half its 
volume of water at 100°F. and then with half 
its volume of a solution containing 8% of tri¬ 
sodium phosphate and 2% of borax at the same 
temperature, the mixture being agitated with 
compressed air for 16 minutes. It is claimed 
that the nitroglycerin after such treatment is 
absolutely neutral, is reasonably free from 
moisture and has a higher stability than is 
obtained by the use of the customary washing 
with sodium carbonate solution. 

Filtration. —After the washing is complete 
the nitroglycerin is usually filtered to remove 
moisture and suspended flocculent impurities, 
the operation being carried out in the washing 
house or in the mixing house. The usual method 
is to filter through a flannel bag filled with salt, 
placed over a cylinder with a wire gauze bottom, 
fiito a lead-lined tank. The pure nitroglycerin is 
drawn off as required through a cock. Filtration 


can also be effected by the use of a lead tank 
with a perforated false bottom on which is 
placed a layer of dry sponges sewn up in flannel, 
and instead of a cock a rubber tube is used for 
drawing off the nitroglycerin. 

According to Symmes a final wash with a 
concentrated common salt solution produces the 
same result as filtration, as regards final moisture 
content, and he states that filtration of nitro- 
glycterin is not carried out in the llnited States. 

Treatment of the Waste Wash Water.-— 
All the wash waters, from washing the nitro¬ 
glycerin or apparatus, wdiich contain appreciable 
quantities of the explosive, are run (iowm lead 
gutters into a large w ooden tank in the wash 
w'ater settling house. The contents are kepi 
agitated by means of compressed air during the 
day and allowed to settle overnight. The 
separated nitroglycerin is run off in the morning 
through a cock dr rubber tube into rubber 
buckets and returned to the preliminary washing 
tank. The wash water, which still contains a 
little nitroglycerin, is drawn off and run into a 
” labyrinth ” or nitroglycerin trap, a long 
oblong tank divided into a series of compart¬ 
ments by partitions with rows of holes alter¬ 
nately at the top or bottom for the water to 
pass through. Each partition has also one hole 
at the bottom through wliich the deposited 
nitrogjyi'erin runs, and it collects at the low'est 
point of the trap whence it is drawn off and 
treated in a similar manner to that from the 
w^ash water settling tank. The water from the 
labyrinth is run into ponds and any nitro¬ 
glycerin collecting there is destroyed by de¬ 
tonating it with dynamite cartridges. 

liv.vovery of Acida in the Form of Salts as Pari 
of the Washmg Process. —Considerable quantities 
of acids, particularly nitric acid, are lost in the 
wash waters, and several proposals have been 
made to recover these acids in the form of salts. 
Hofwimmer (G.F. 325944) suggests treatment 
of the acid nitroglyc'erin directly with a saturated 
alkali nitrate solution containing sufficient 
alkali carbonate not only to neutralise the free 
acid but also to form the bicarbonate in order 
to avoid the production of free COg, which 
would cause foaming. This solutior^ can be used 
repeatedly and finally evaporated to recover the 
nitrate which has been produced. 

The use of ammonia solution for removing the 
acid.s from crude nitroglycerin has been proposed 
(G.F. 339031). The solution after use yields on 
evaporation a mixture of ammonium nitrate 
and ammonium sulphate which can be used as a 
fertiliser. 

Secondary or After-Separation of Nitroglycerin 
from the Waste Acids. —The waste acids from the 
separator contain a small amount of nitro¬ 
glycerin, and a further quantity is formed on 
standing. In addition to these factors, if 
nitration has been carried out between 26 and 
30°, the subsequent cooling of the spent acid 
lowers the nitroglycerin solubility coefficient 
and thereby causes a small quantity to separate 
out. 

To effect the separation the waste acids are 
run into large cylindrical lead vessels sur¬ 
rounded by a water jacket and fitted with 
cooling coils and compressed air pipes. The 
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top of the tank is closed by a conical lid with a 
glass cylinder at the apex, the acids being filled 
in to about half way up the cylinder. The 
cover has also a fume pipe and two thermo¬ 
meters, one immersed in the nitroglycerin and 
the other in the acid. As the nitroglycerin 
separates it is removed and poured into a small 
lead tank containing water, where it is freed 
from the main quantity of acid. It is then 
taken to the wash-house for further treatment. 

The cooling jacket, coils and air current are 
only used if the temperature rises considerably 
during the separation. When no more nitro¬ 
glycerin separates on standing (sometimes a 
week is necessary, the time being dependent to 
a large extent on the quality of the glycerin 
used), the acids are run olf and treated by a 
denitration process and, after concentration, 
again used in the process. 

In some factories after-separation is no longer 
carried out, the waste acids being treated by 
the process patented by Nathan, Thomson and 
Rintoul (B.P. 3020, 1903). The patentees take 
advantage of the fact that the addition of a 
small quantity of water not only adsorbs the 
suspended, finely divided nitroglycerin, but also 
prevents the formation of more nitrogly(;erin on 
standing. The waste acids are allowed to stand 
and cool in the nitrator-separator and any addi¬ 
tional nitroglycerin that separates is removed 
(this separation is much more complete than 
ordinarily). The quantity of acid necessary for 
displacing the next charge is run off into an 
acid elevator and forced up into the displacing 
tank. The remainder of the waste acids is then 
violently agitated but not cooled, and 2% of 
water is gradually added. The acid is then run 
off and forced into the tank in the denitrating 
house. 

Instead of the usual denitration, Nobel 
(F.P. 361454) proposes to regenerate the waste 
acids by the addition of fresh material. Ho 
claims in this way to increase the yield of nitro¬ 
glycerin, and states that the process of nitration 
is rendered less dangerous. 

In the United States no after-separator is 
used. Symmes stated that with clean well- 
settled nitrating acids and the high quality of 
the glycerin now obtainable the amounts of 
nitroglycerin recovered in the after-separator 
were so small as to be negligible. 

Continuous Pbooess. —One of the most 
important developments in connection with 
nitroglycerin is its manufacture by the con¬ 
tinuous process described by Schmid (Z. ges. 
Schiess- u. Sprengstoffw. 1927, 22, 169). lliis 
process has now been adopted in several 
countries; the largest plant is stated to be 
capable of producing 600 kg. of nitroglycerin 
per hour. 

The nitrator, which is only about one-tenth 
the size of that employed in the intermittent 
processes for a similar output, contains a series 
of water-cooled coils, the inner one having its 
turns so close together that it forms a partition 
between the centre of the nitrator and the re¬ 
maining coils. Agitation of the glycerin and 
the mixed acids is effected by means of a 
mechanical stirrer, revolving at the rate of 
from 200 to 300 r.p.m., so that losses of nitrio 


acid such as occur when an air blast is used to 
effect the mixing are avoided. 

At the commencement of the process the 
nitrator is filled with waste acid. During the 
nitration glycerol is introduced from the top of 
the nitrator and mixed acid at the bottom, the 
resulting emulsion being forced by the action 
of the stirrer to the bottom of the nitrator and up 
through the cooling coils to the outlet into the 
separator. The separator is an inclined vessel 
provided with an external cooling jacket and a 
series of longitudinal plates in the interior. The 
emulsion of nitroglycerin and waste acid, which 
is continuously introduced at the top of the 
separator, being heavier than the nitroglycerin 
which separates in the upper part and lighter 
than the waste acid which settles to the bottom, 
forms a horizontal layer at the zone of separation. 
Outlets are provided at the top and bottom 
for the nitroglycerin and waste acid respectively. 
In order to enable the process to be watched 
j an observation window is placed near the upper 
end of the separator. 

Washing usually takes place in a series of 
towers which are divided into a number of 
compartments by means of perforated plates. 
In the first or “ pro-wash ” tower the acid, 
nitroglycerin and water are run into the lowest 
part of the tower, where they are emulsified by 
means of compressed air. The frothy emulsion 
is then forced upwards through the perforated 
plates to the exit at the top of the tower, from 
which it passes to the separator. The excess of 
compressed air escapes through the top of the 
tower. This process is repeated in the remaining 
towers, ammonia or soda solution usually being 
used as the washing solution in the second 
tower. After the final washing the emulsion is 
run into a separator and the nitroglycerin drawn 
off as required. 

Properties. 

Nitroglycerin is an oily liquid which when 
quite pure is colourless and neutral in reaction. 
The commercial product, however, has always a 
yellowish or brownish tint, depending upon the 
purity of the raw material used in its manu¬ 
facture. It is odourless at ordinary tempera¬ 
tures and has a sweet and burning taste. Its 
specific gravity is 1*60 at 15°, 1-614 at 4° and 
1*591 at 26°, and its viscosity is 2-5 times that of 
water, but very much less than that of glycerol. 
It is not hygroscopic. Beckerhinn found the 
specific heat of liquid nitroglycerin between 
9-6 and 98° to be 0-4248 and Perkin found the 
magnetic rotation to be 6407. The index of 
refraction according to Marpmann (Apoth.- 
Ztg. 1892, 7, 612) is »d=1*4744. 

Volatility .—Nitroglycerin is slightly volatile 
at ordinary temperatures; the vapour pressures 
as determined by Peace and Marshall (J.C.S. 
1916, 109 , 298) at various temperatures being as 
follows: 

Temperature, °C.. 20 30 40 

Pressure in mm. . 0-00025 0*00083 0-0024 

Temperature, °C.. 60 70 80 90 

Pressure in mm. . 0-0072 0-043 0-098 0*23 
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Water vapour raises the volatility, and 
according to Hfilussermann, when distilled with 
steam, 1 litre of water carries over 8 g. of nitro¬ 
glycerin. 

Effect of Cooling .—When cooled, nitroglycerin 
freezes at 13*3°, but it exhibits the phenomenon 
of supercooling to a high degree. On freezing it 
contracts 10/121 of its volume and then has a 
specific gravity of 1-735 at 10°. Nitroglycerin 
crystallises in two modifications, known as the 
stable and labile forms, which crystallise at 
different temperatures. According to Kast 
(Z. ges. Schiess- u. Sprengstoffw. 1906, 1, 225) 
the crystalhsing point of the labile form is 2-1° 
and the melting-point 2-8°, the corresponding 
temperatures for the stable form being 13-2° 
and 13-5°. Hibbcrt (Z. ges. Schiess- u. Spreng¬ 
stoffw. 1914, 9, 83) gave the crystallising 
temperature of the labile form as 1-9° and the 
melting-point as 2-0°, and for the stable form the 
temperatures were 13-0° and 13-2° respectively. 
The same investigator (8th Intern. Congress of 
Applied Chemistry, 1912, 4, 37) described the 
preparation of the two sofid modifications of 
nitroglycerin and states that the labile form 
crystallises in the dipyramidal rhombic system. 
He also states that if freshly prepared nitro¬ 
glycerin which has not been frozen is mixed with 
wood meal, pow^lered stonew^are or preferably 
powdered glassw'ool, and the mixture cooled to 
—40° with vigorous stirring, the labile modifica¬ 
tion is always formed. On the other hand, if 
the explosive is mixed with wood meal and 
powdered sodium nitrate the stable isomer is 
formed under similar conditions of cooling and 
stirring. According to Hibbcrt, nitroglycerin 
always crystallises in the form with which it is 
seeded. 

The crystallised labile isomer may be kept 
for about a fortnight without alteration, but the 
crystals gradually change into the stable form. 
If the labile crystals are stirred in contact with 
a stable crystal at 2—4°, the whole of the mass 
is rapidly converted into the stable form with 
a rise in temperature of about 10°. Each isomer 
when melted and heated for a short time to 
20-30° on coohng crystallises again in its 
original form, and it is therefore probable that 
both modifications exist in the liquid form. 

/Stability .—^When pure, nitroglycerin may be 
kept for i)rolongcd periods without decomposi¬ 
tion. Berthelot records the keeping of a 
specimen for 10 years and McRoberts one for 
9 years without any noticeable change. The 
presence of moisture or a trace of free acid is 
able to initiate the decomposition of the ex¬ 
plosive. If the products of decomposition 
cannot escape they act as catalysts and accelerate 
the decomposition. The reaction is exothermic, 
and, although if only small quantities of the 
explosive are involved it may not give rise to 
dangerous conditions, in the case of large 
quantities the decomposition may be accelerated 
to such a degree as to lead to explosion. 

The velocity of decomposition of nitroglycerin 
when not in contact with the products of de¬ 
composition has been investigated by Robertson 
(J.C.S. 1909, 95, 1241). He concludes that the 
nitrogen is disengaged almost entirely as nitrogen | 
peroxide, in which respect it differs from gun-1 
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cotton, and that the evolution of the nitrogen 
peroxide proceeds in a perfectly uniform 
manner; also that the rate of decomposition 
is a function ol the temperature, an increase of 
5° between 95° and 125° doubling the speed of 
decomposition, and further, that nitroglycerin 
has a higher rate of decomposition than gun¬ 
cotton under similar conditions. 

Action of Heat .-—Naoum found that on heating 
10 g. of nitroglycerin at 75° in a loosely covered 
dish for 25 days, the explosive lost 73-5% oC 
its w'cjght, the residue consisting of a thick acid 
liquid containing traces of nitric acid but no 
oxahe acid. The same authority states that 
nitroglycerin can w ithstand even higher tempera¬ 
tures for a considerable period without under¬ 
going any prolound change provided that the 
products of decomposition are allowed to escape 
freely. Eor example, the residue obtained from 
heating 20 g. of nitroglycerin in an open weighing 
bottle for 6 days at 100°, although slightly acid 
in reaction, was found to contain 18-4% of 
nitrogen, indicating that it was still practically 
pure nitroglycerin. 

SneUing and Storm (U.S. Bureau of Mines 
Tech. Paper No. 12) have studied the b«‘- 
haviour of nitroglycerin on heating, 'fhe nitro¬ 
glycerin gradually became j’^cUow', then orange 
as the temperature was raised; obvious de¬ 
composition wdth gas evolution and ])artial 
distillation took place at 145 . At 165° it 
boiled violently and a distillate of dilute nitric 
acid and glycerol nitrates passed over. At 
180-185° the nitroglycerin became viscous, and 
at 215-218° detonation occurred. They also 
showed that the decomposition is strongly 
exothermic and that the temperature of nitro¬ 
glycerin at the instant of final decomposition 
or detonation is a])preciably greater than that 
of the heating bath, and it is to this factor that 
they attribute the low^er explosion temperatures 
given by some other observers. If a small drop 
in a tube is heated in a metal bath witli a 
temperature rise of 20°/min., explosion takes 
place at 200-205°. 

Nitroglycerin is not readily inflamed at 
ordinary atnjospheric temperatures by contact 
with flame or with a red-hot body. A lighted 
match, if immersed in it, is extinguished, but a 
burning wood shaving causes ignition. Small 
quantities, when ignited, burn with slight 
crackling and a j)ale green flame which can bo 
readily extinguished. If, however, larger 
quantities are ignited, detonation will most 
probably occur. Electric sparks igruto nitro¬ 
glycerin with difficulty. Abel phojod two 
poles, connected with a Ruhmkorff’s coil, in 
some nitroglycerin and passed sparks betvveen 
them : the surface of the nitroglycerin became 
agitated, turned black and, after half a minut(\ 
explosion took place. 

Solubility .—^Nitroglycerin is readily soluble in 
many organic solvents and is miscible in all 
proportions at ordinary temperatures with 
methyl alcohol, acetone, ether, glacial acetic 
acid, benzene, phenol, chloroform and tetra- 
chloroethane. It is only slightly soluble in 
water; 1 litre at 15°, according to Will, dissolves 
1*6 g., and according to Naoum 1*8 g. at 20°. 
The solubility increases somewhat with rise of 
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temperature, 1 litre of water dissolving (ac- 
cordijQg to Naoum) 2*6 g. of nitroglycerin at 60°. 
At ordinary temperatures, 100 ml. of carbon 
disulphide dissolve 1*26 g. of nitroglycerin, and 
100 g. of ligroin at 20 ° dissolve about 1*6 g. 
Nitroglycerin is almost insoluble in glycerol at 
normal temperatures and even on heating its 
solubility is not appreciable. It is readily 
soluble in concentrated sulphuric acid (20 g. 
of nitroglycerin in 100 g. of 98% H 2 SO 4 at 
20 °), nitric acid being liberated and under 
certain conditions glyceryl sulphate is produced. 
Nitric acid having a specific gravity of 1-6 mixes 
with nitroglycerin in all proportions, but if the 
gravity is 1-4 only 8 g. of the explosive are 
dissolved by 100 g. of the acid at 20 °C. It is 
insoluble in cold hydrochloric acid, and if a 
mixture of the two substances is heated, de¬ 
composition occurs. 

Chemical Properties .—^Nitroglycerin exhibits 
the properties of an ester and not those of a 
true nitro-compound. On reduction with tin 
and hydrocliloric acad, glycerol is regenerated; 
alkali sulphides such as potassium and calcium 
sulphides also reduce nitroglycerin in a some¬ 
what similar manner. Hydrolysis by caustic 
alkalis does not regenerate glycerol, the reaction, 
according to Hay (Moniteur Sci. 1885, |iiij, 15, 
424), proceeding according to the following 
equation: 

CsH 6(0 N02)3+6K0H ^KNOgf 2 KNO 2 

-fCHaCOOK+HCOOKHSH^O 

He states that while the oxidation products of 
glycerol may vary as regards their nature and 
proportions, the above equation expresses with 
approximate accuracy the course of the reaction. 
Hydriodic acid of sp.gr. 1*5 decomposes nitro¬ 
glycerin into glycerol and nitric oxide. 

Nitroglycerin is readily reduced by boiling 
with a dilute solution of titaiious chloride, aud 
this reagent can be used for estimating the 
explosive quantitatively (?;. Examination of 
Smokeless Powders, p. 632d). 

Physiological Effects .—^Nitroglycerin exercises 
a powerful elBfect on the human organism 
whether taken internally or inhaled in the form 
of vapour. Schuchardt (Z. f. pract. Heilkunde 
und Medicinalwesen, 1866, Heft 1) tried the 
effect on himself by swallowing a drop of nitro¬ 
glycerin. He soon experienced vertigo, head¬ 
ache and drowsiness and an hour later, having 
incautiously taken more nitroglycerin, the 
symptoms mentioned increased in severity and 
were followed by nausea and loss of conscious¬ 
ness. No ill effects were felt, howewer, on the 
following day. 

The handling of nitroglycerin gives rise to 
similar symptoms, especially headache, but 
continued contact for a few days generally 
produces immunity. Eresh air, phenacetin, 
aspirin and the administration of morphine 
acetate give relief. 

The susceptibility to the action of nitroglycerin 
is increased by alcohol, which also retards the 
acquisition of ijtnmunity. 

Weinberg (Z. ges Schiess- u. Sprengstoffw. 
1911, 6 , 427) has published an extensive study 
of the physiological action of nitroglycerin, and 
its effects on the health of workers on dynamite 


plant have been studied by Hudson (Med. 
Record, 1917, 91 , 89). 

Explosive Properties .—^Nitroglycerin is one of 
the most powerful explosives known. On 
detonation it decomposes as follows; 

4C5H6(NO8)3=12COa+10H2O+eN2-fO2 

Detonation can be effected by heating to about 
180°. Nitroglycerin is very sensitive to shock 
and is therefore unsuitable for transport in the 
liquid state. It is readily exploded by the shock 
of iron upon iron. Nobel observed that a film 
of nitroglycerin on an anvil if struck lightly by a 
hammer detonated only where struck, but if the 
blow was heavy the whole film of nitroglycerin 
detonated. Nitroglycerin is less sensitive to the 
shock of copper on copper and still less so to 
that of wood on wood. When tested by tin; 
falling weight method, a fall of 4 cm. using a 
2 kg. weight is (according to Will) sufficient 
to <*au 8 e detonation, but Brunswig states that 
explosion takes place with a 250 g, weight falling 
only 5 cm. 

Frozen nitroglycerin is much more difficult 
to detonate than the liquid form. Beckerhinn 
(Wagners Jahreabericht, 1876, 486) found 

that the blow ro(juirod to detonate th(^ frozen 
material was approximately three times aa 
powerful as that required lor the liquid, and 
Hess and Will confirmed his results. 

Cronquist (Berg. u. Huett. Z. 1894, 53, 221) 
found a half-thawed mixture of liquid and 
solid nitroglycerin to be more sensitive than 
either the liquid or solid form alone, and 
attributed this to the friction caused by the 
hard crystids rubbing against each other. 

Nitroglycerin is distinctly sensitive to friction, 
and explosion may occur if it is rubbed in an 
unglazed porcelain mortar. Although nitro¬ 
glycerin is very sensitive to shock and friction 
I it requires a powerful initiating impulse to cause 
complete detonation. In the early days of the 
use of nitroglycerin Nobel effected its explosion 
I in a borehole by means of gunpowder. The 
I gunpowder was fired by means of a fuze, but the 
explosion of the nitroglycerin was uncertain 
and incjomplete. Subsequently he detonated 
the explosive by means of mercury fulminate. 

According to Naoum, when 10 g. of liquid 
nitroglycerin are fired in the Trauzl block with a 
No. 1 detonator an expansion of only 190 ml. 
is obtained, whereas if a No. 6 detonator is 
used the expansion is 460 ml., and with a No. 8 
detonator 590 ml. If, however, the nitro¬ 
glycerin is in a finely divided state, as, for 
example, in kieselguhr dynamite, a No. 1 
detonator is practically as effective as a No. 8 
in developing the full power of the explosive. 

As was to be expected, frozen nitroglycerin is 
much more difficult to detonate by explosive 
impulse than the liquid form. McRoberts 
states that a detonator containing 1 g. of 
fulminate of mercury does not effect the detona¬ 
tion of thoroughly frozen nitroglycerin. 

In order to elucidate the somewhat anomalous 
results sometimes given by nitroglycerin and 
e^^losives of which it is a constituent, Dserschko- 
witsch and Andreew (Z. ges Schiess- u. Spreng¬ 
stoffw. 1920, 25, 347, 409) have investigated 
the explosive properties of the labile and stable 
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isomers of this substance. They found that 
when tested by Hess’s method, the labile isomer 
in the liquid condition gave a compression 
of 26-5 mm., and the stable form in the liquid 
state 27*5 mm. The solid stable form gave an 
average compression of the lower cylinder of 
6‘3 mm. and the solid labile form of 4-8 mm., 
the upper cylinder in the former case being 
completely demolished. Tested l)y East’s 
method, liquid nitroglycerin gave an average 
compression of 1'84, the solid stable form 
3*07 and the solid labile isomerido 0*7 mm. 
The velocities of detonation determined by 
Dautriche’s method using a Ko. 8 detonator 
were 1,165 m./sec. for liquid nitroglycerin and 
9,150 m./sec. for the solid stable isomeride. The 
solid labile form failed to detonate completely 
with a No. 8 detonator, but when initiated by a 
20 g. tetryl primer it gave a value of 0,150 m./sec. 
Liquid nitroglycerin initiated by 10-15 g. of 
the stable isomer also attained a detonation 
velocity of 9,100 m./sec. The .solid labile 
isomer gave the highest lead block expansions, 
namely 518-562 ml., the stable form giving 
392-397 ml. and liquid nitroglycerin 486-518 
ml. Determinations of the linear velocity of 
crystallisation, molecular weights and velocity 
of isomerisation wore also made. 

The results obtained are considered to explain 
to a certain extent the abnormalities in be¬ 
haviour with regard to detonation met with in 
nitroglycerin and nitroglycerin explosives. 

The conclusions of the above authorities are, 
however, criticised by Naoum and Berthmann 
(Z. ges Schiess- u. Sprengstoffw. 1931, 26, 188), 
who state that the view that low sensitiveness 
is caused by the presence of the labile isomer 
cannot be maintained on either practical or 
theoretical grounds. They consider that the 
loss in sensitiveness of stored gelatinous nitro¬ 
glycerin explosives is caused by increase of 
density due to diminution of the air content. 

According to the equation for the detonation 
of nitroglycerin, 

4C3H5(0-N02)s=^t2C02+10H20d 6 N 2 I O 2 , 

this explosive contains rather more oxygen 
than is required to oxidise the whole of the 
carbon and hydrogen present. One kg. gives 
581*5 g. of carbon dioxide, 198*2 g. of water, 
186*0 g. of nitrogen and 35*3 g. of oxygen. The 
volume of the gases at 0° and 760 mm. pressure, 
assuming water in the form of vapour, produced 
by 1 kg. of nitroglycerin is 713*9 litres, or, if the 
water is taken as liquid, 468 litres. 

The calculated quantity of heat developed 
on explosion, water being in the vapour state, 
is 1,470 g.-cal. according to Escales, and 1,465 
according to Kast; for water in the liquid state, 
the value according to Escales is 1,689 g.-cal., and 
Brunswig gives 1,680 g.-cal. By experiment, 
Sarrau and Vieille found 1,600 g.-cal. 

The explosion temperature cannot be de¬ 
termined experimentally and only an approxi¬ 
mate figure can be obtained by calculation. 
Brunswig gives the temperature as 3,470°, Kast 
4,250°, Heise 3,158° and Wuich 3,005°. 

The statements as to the relative powers of 
nitroglycerin and ordinary blasting powder as 
blasting agenf^ yary, partly, no doubt, on 


account of the differences in the rooks blasted, 
as nitroglycerin is most effective in a compact 
rock which offers equal resistance in all directions 
to the gases produced by the explosion. Nobel 
calculated that 1 vol. of nitroglycerin generates 
about 1,200 vol. of gases and that the heat 
generated expands the gases to nearly 8 times 
this volume. He concluded that the explosive 
force of nitroglycerin is 13 times that of an equal 
volume of gunpowder. 

Uses. 

Nitroglycerin is seldom used alone as an ex¬ 
plosive. It was, however, at one time employed 
to a large extent, especially in America ; for 
instance, 70 tons, transported in the frozen 
condition, were employed in the construction 
of the Hoosac Tunnel. At the present time it 
is used in very large quantities in the manu¬ 
facture of dynamites (q.7^.) and smokeless 
powders Sec. IX, p. 317). 

Detection. 

Nitroglycerin can be detected by its taste and 
also by adsorbing drops on bibulous paper; the 
flrops produce permanent greasy stains which 
explode when struck by a hammer, buni with a 
yellowish-green flame with a crackling sound, 
or when heated explode with a loud report. 
A solution of 1 vol. of aniline in 40 vol. of 
sulphuric acid, sp.gr. 1*84, develops a purple 
red coloration with the smallest trace of nitro¬ 
glycerin (Werber). 

Testing. 

Moisture may be determined by drying about 
5 g. in a small dish over calcium chloride in a 
desiccator which may be evacuated. The loss 
in 16 hours should not exceed 0*6%. 

AcAdity and Alkalinity ,—20 g. of the nitro¬ 
glycerin are shaken with 50 ml. of water 
and the aqueous extract tested with litmus 
paper, or the amount of acidity or alkalinity 
present may be determined by titration with 
decinormal acid or alkali, using methyl orange 
as indicator. The alkalinity of nitroglycerin 
W'hich is to be used in the manufacture of 
cordite must not exceed 0*005%, calculated as 
sodium carbonate. 

Nitrogen .—The percentage of nitrogen may 
be determined by dissolving about 0*36 g. of 
the explosive in sulphuric acid and introducing 
the mixture into a Lunge nitrometer filled with 
mercury. The nitrogen content of commercial 
nitroglycerin is about 18*4%. 

Heat Teal. —In England nitroglycerin is 
required to give an Abel heat tost of not less than 
10 minutes at 180°F. 

Pentaerythritol tetranltrate, 
C(CH20N02)4 

This solid ester of nitric acid, also known as 
Penthritf is used in conjunction with nitro¬ 
glycerin and other substances in the manu¬ 
facture of explosives of the Penthrinit type and 
as a secondary filling for detonators. 

Jtaw Material: Pentaerythritol ,—^This quadri¬ 
valent alcohol is prepared by condensing formal- 
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dehyde and acetaldehyde in the presence of 
slaked lime, formic acid being produced as a 
by-product in accordance with the following 
equation: 

8CH20+2CH3'CH0+Ca(0H)2 

-2C(CH20H)4+Ca(HC00)2 

According to Stcttbacher (Z. gos. Schiess- u. 
Sprengstofiw. 1916, 11, 182), pentacrythritol 
can be prepared as follows : 4-85 kg. of a 40% 
solution of formaldehyde and 1 kg. of 60% 
acetaldehyde are added to 90 litres of water 
containing 1*6 kg. of slaked hme in suspension 
and the mixture agitated several times daily 
for a period of about three weeks. The solution 
is then decanted and the cahuum jjrecipitated 
by means of oxalic ac id. The oxalate is allowed 
to settle and the clear solution concentrated. 
The crystals obtained on cooling arc centrifuged 
or fdtered from the mother Hquor. The yield 
is about 1-2 kg. of crude pentacrythritol. 

In order to i)urify the ( rude product it is 
washed with a little alcohol and recrystallised 
from water. The pure mat(uial melts at 258° 
and dissolves in 18 parts of w'ater at 15°. 

Nitration. —Finely powdered pentacrythritol 
is added to 6 times its weight of nitric acid 
having a specific gravity of 1*52, care being taken 
that the temperature does not exceed 25-30°. 
Towards the end of“ the nitration some of the 
nitrate separates out and to complete the 
precipitation an excess of sulphuric acid of 
sp.gr. 1-84 is gradually added, tlie temperature 
being kept below 30°. After standing for about 
one hour the residual acids are separated, the 
crude explosive washed with 50% sulphuric acid, 
and finally with w'ater. The yield is about 
85-90% of theory. 

Purification. —The crude product still contains 
traces of acidity which must be removed in 
order to obtain the necessary chemical stability. 
For this purpose the crude material is 
dissolved in hot acetone to which some am¬ 
monium carbonate has been added. The 
resulting solution is then filtered and run into 
twice its volume of water or 90% alcohol, when 
pure pentacrythritol tetranitratc is j)recipitated 
in the form of fine crystals. 

Properties. —Pentacrythritol tetranitratc oc¬ 
curs in masses of well-defined white crystals 
which have an apparent density of 0'2-0-3, the 
absolute density being 1-75-1-77. It is in¬ 
soluble in w^ater, slightly soluble in alcohol and 
ether, but dissolves readily in acetone. Ac¬ 
cording to Will, the pure material melts at 
138*5°, but Stcttbacher states that the melting- 
point is 141°. The solid material is very slightly 
volatile at ordinary temperatures and on 
heating for some time at 75° partial sublimation 
occurs, but practically no decomposition takes 
place. When heated slightly above its melting- 
point it begins to decompose and at about 206° 
it deflagrates mildly. According to Xaoum, 
however, it can be heated for several days at 
90°C. without developing any acidity or losing 
any appreciable amount of weight, thus in¬ 
dicating that the material has a high degree of 
stability. It is somewhat difficult to ignite, 
but bums quietly when inflamed in small 
quantities. 


Explosive Properties. —Pentaerythritol tetra- 
nitrate is relatively insensitive to friction, but 
somewhat sensitive to blows, Naoum stating 
that with a 2 kg. weight falling 20 cm. it 
detonates fairly regularly with a loud report, 
and occasional explosions occur even with a 
faU of only 10 cm. Stcttbacher {ibid. 1930, 25, 
278), however, states that a fall of 27 cm. for the 
same weight is required to produce explosion. 
According to Eschbach (B.P. 343485), the addi¬ 
tion of 10% of paraflin wax to the explosive con¬ 
siderably reduces its sensitiveness, a fall of 33 cm. 
for the 2 kg. weight being ne(*essary to cause 
explosion of this mixture, 10 cm. for untreated. 

The sensitiveness to initial impulse is very 
high, 1 mg. of lead azide being sufficient to cause 
detonation, whereas more than 20 mg. are 
required to detonate tetryl. 

On detonation it probably decomj)ose8 
according to the following equation: 

C(CH2*0N02)4-3C02+2C0+4H20 + 2N2 

which suggests that the explosive is deficient 
to the extent of 10*1% of oxygen necessary to 
cause complete combustion. 

10 g, exploded in the lead block test gave 
an expansion of 500 ml. as compared with 
1600 ml. for nitroglycerin under the same 
conditions. 

The velocity of detonation is also very high. 
According to Naoura, when pressed to a density 
of 0*85 and fired in an iron pipe the velocity of 
detonation w^as found to bo 5,330 m./sec., 
whereas Kast (Z. angew^ Chein. 1923, 36, 74) 
found a velocity of over 8,000 m./sec. wdien the 
density was 1*62. 

Parity of the Commercial Product. —The 
material should not contain more than 0*2% 
of moisture, and the ash should not exceed 
0*1%. The melting-point should not be below 
137°. An acetone solution should be clear and 
free from deposit. 

Pentaerythritol tetranitrate Explosives. 

Stcttbacher (B.P. 312316) states that pentacry¬ 
thritol tetranitrate of low density can be con¬ 
solidated easily and without danger by simply 
kneading 80 parts with 20 parts of nitroglycerin 
(or of a mixture of nitroglycerin and nitroglycol), 
a homogeneous granular mass being obtained 
which has a density of 1*2. This mixture has a 
higher explosive power than pentaerythritol 
tetranitrate itself, 1 kg. evolving 1,450 kg.-cal. as 
compared with 1,403 kg.-cal. for the latter explo¬ 
sive alone. It is claimed that the 80/20 mixture 
is readily detonated and that the explosive 
action, more especially the local perforating 
power, is greater than that of any compressible 
combination hitherto known. Mixtures of this 
type are suggested as suitable for filling mines, 
torpedoes, etc., but it would appear that such a 
mixture is somewhat too sensitive as well 
as too expensive, at least at present, for such 
purposes. 

Nltromannltol (Hexanitromannltol), 

0aN*0*H2C[CH0*N02]4CH2*0*N0a. 

The primary material used in its preparation 
is the hexavalent alcohol which is found in 
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considerable quantities (30--60%) in manna, a 
concrete saccharine exudation obtained by 
transverse incision from the stems of Fraximis 
Omus, which is cultivated chiefly in Sicily. 

Manufacture ,.—The alcohol is easily nitrated, 
but direct introduction of the bulky crystals 
into the mixed acid is not practicable as they 
tend to aggregate and thus retard nitration. 
One part of mannitol is, therefore, added in 
portions to 5 parts of nitric acid (sp.gr. 1*5), 
the mixture being well stirred and cooled. To 
the resulting solution 10 parts of .strong sulphuric 
acid (sp.gr. 1-84) are added, the stirring and 
cooling being conthiuod until the nitromannite 
separates out as a voluminous crystalline mass. 
The crystals are separated on a Alter, washed 
with water and then with a dilute solution of 
sodium bicarbonate. The crude nitromannitol 
is puriflcd by dissolving in boiling alcohol to 
whi(ti a little ammonium carbonate has been 
added. The hot solution is filtcn^d and on 
cooling pure hexaniiromannitol separates out 
as fine crystals. If the juother liquor is heated 
Lo boihng and water added until a turbidity 
occurs the rest of the explosive separates out 
almost completely on cooling. The yield is 
from 232 to 238%, the theoretical being 248-4%. 

Physical and Chemical Properties. —Nitro- 
mannitol crystallises from alcohol in the form 
of fine white needles which have a specific gravity 
of 1 *72. It is insoluble in water and only slightly 
soluble in cold alcohol, but dissolves in hot 
alcohol, etlicr, acetic acid and acetone. The 
pure material melts at about 112-113°. 

Nitromannitol is not decomposed by dilute 
Mul2)huric acid even at the boiling-2)oint, but it 
is readily dissolved by the strong acid. Dilute 
])ntasMium hydroxide solution exerts no action, 
but a concentrated solution dissolves it on 
boiling, producing a reddish-brown solution. 
Alcoholic potassium hydroxide produces a 
similar colour even when cold. 

Stability .—There is considerable diversity of 
opinion with regard to the stability of nitro¬ 
mannitol. (Jhalon (“ Les Ex2)losifs Moderncs,” 
3rd ed. 1911, j). Ill) states that when impure it 
readily decennposes, whereas in the pure condition 
it is one of the most stable of the organic nitrates. 
Naoum, on the other hand, states that nitro¬ 
mannitol when heated at 75° for a few hours 
began to give off acid vafiours and decom¬ 
posed, whereas nitric esters of lower molecular 
weight withstood this temperature for several 
days. 

When a small quantity of the substance is 
heated slowly in a test tube it decomposes 
completely, giving off red fumes, but it does not 
detonate. If, however, an appreciable quantity 
is heated to 160-170°, defliigration or detonation 
occurs. 

Sensitivity .—^Nitromannitol is somewhat sensi¬ 
tive to friction and according to Naoum its 
sensitivity to shock is comparable to that of 
nitroglycerin, a 2 kg. weight falling 4 cm. being 
sufficient to cause detonation. 

It is not readily ignited, and if left in contact 
with a flame for a short time detonation occurs. 

Velocity of Detonation .—According to Berthe- 
lot (Ann. Chim. Phys. 1886, [vi], 6 , 656) the 
velocity of detonation at a loading density of 1-6 


is 7,000 m./sec., and Kast (Z. angew, Chem. 
1923, 86, 74) found the rate to be 8,260 m./sec., 
at a density of 1-73 and in a tube of 12-8 mm. 
diameter. 

Explosive Properties .—On explosion m'tro- 
mannitol decomposes according to the following 
equation: 

C6H8N60,3-6C02f4H,0E3N2+0a 

indicating that there is 7-1% excess of oxygen. 

The calculated heat of explosion is 1,468 
kg.-cal. at constant volume and water liquid, 
being about 92% of that of nitroglycerin. 

Uses .—Von Herz (U.8.P. 187S652) proposes 
to use nitromannite with a small priming charge 
as a filling for detonators in jflace of the usual 
fulminate or azide mixtui-cs. For the prepara¬ 
tion of these detonators 0-5 g. of nitromannitt- 
or a mixture of nitromannite and pentaerythritol 
tetrauitrate is ])resHcd into a detonator tube and 
covered Avith a perforated inner caj); 0-15-0-3 g. 
of a priming conqjosition consisting of barium 
nitrate 58%, magnesium 2)owdcr 20')o ‘^“d ](‘ad 
hypofdiosphite 13% is then added, ami jircssed in 
on toj) of the first charge. Von Herz claims that 
a detonator of this ty^je is almost equal to the 
best No. 8 detonators of the usual composition 
and has the advantage of being composed of 
relatively insensitive ingredients. 

Vm. NITKOCELLULOSES. 

Histoeical. —In 1833 Braconnot observed 
that when starch, wood and similar substances 
were treated with strong nitric acid a solution 
was obtained which, on tlin addition of water, 
yielded a white powder. This material, whicli 
burned vigorously Avhen ignited, was called 
xyloidin. 

Pelouze, in 1838, by subjecting cotton to the 
same treatment produced a similar combustible 
substance, and Schonbein, towards the end of 
1845, announced the discovery of a new explosive 
substance {gimcutUm) which he subsequently 
stated had been obtained by treating cotton 
with a mixture of nitric and sulj^huric acids. 
Bottger is stated to have discovered guncotton 
independently of Schonbein, in 1846, but entered 
into an arrangement with the latter to develop 
the new explosive. 

Von Lenk, in Austria, between 1849 and 1852, 
made great im2)rovements in the manufacture 
of guncotton, and erected a factory near Vienna 
for its production. 

The early attempts to manufacture this 
explosive on a large scale were, however, at¬ 
tended by a number of disastrous explosions, 
and it was not until met hods had been developed 
for freeing the nitrated cotton from dangerou.i 
impurities that the material could bo manu¬ 
factured and stored with safety. 

Composition. —The cellulose molecule is very 
complex, and is usually represented by the 
empirical formula (CgHigOsla. Three hydroxyl 
groups are associated with every six carbon 
atoms, as indicated by the formation of triaoetyl 
and trimethyl derivatives {v. Cellulose). 

A trinitric ester of celluloso having the 
formula CgH705(N02)3 would contain 14*14% 
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of nitrogen, and Hoitsema (Z. angew. Chem. 
1898, 11, 173) prepared a product containing 

13- 90% nitrogen. Lunge (J. Amer. Chem. Soc. 

1901, 527) also prepared a nitrocellulose with 

a very slightly higher content of nitrogen 
(13*94%). These products were, however, not 
stable, and on storage the nitrogen content fell 
to 13*5%, at which point it remained constant. 
A nitrocellulose of this ty})e c'orresponds to 
the formula C 24 H 2902 „(N 02)11 (endeca-nitro¬ 
cellulose) and it would appear that there is 
an arrangement of twelve hydroxyl groups in 
the cellulose, one of which functions weakly, 
from the nitration point of view, in comparison 
with the remainder. 

Later investigators, however, have succeeded 
in preparing still more highly nitrated celluloses; 
for example, Berl and Kueff (Ber. 1930,63, [BJ, 
3212) have obtained a product containing 

14- 04% nitrogen. This material, w hich had an 
ignition temperature of 193°C., was stated to 
have been of good stability. Bouchonnet, 
Trombe and Petitpas (Mem. Poudrcs. 1937, 27, 
236) by using a nitrating mixture consisting of 
82-1% HNO 3 , 15-9% P 2 O 5 and 2% H 2 O 
produced a nitro-eotton containing 14 05% of 
nitrogen, but did not give any particulars with 
regard to its stability. 

With the possible exception of the endeca- 
nitrocelluloso it was considered that no definito 
nitro derivative of cellulose could lx* recc»gnised, 
although products containing from a bout 7 to 14% 
of nitrogen could bo prepared. A nitrocellulose 
containing 6-77% of nitrogen, which would be 
equivalent to the mononitrate of CgHjoGj, 
on being submitted to X-ray examination ap¬ 
peared to consist of a mixture of the higher 
nitric esters and unchanged cellulose, 

De Bruin (Rec. trav. chim. 1921, 40 , 632), 
however, as the result of the investigation of 
a large number of nitrocelluloses, considers that 
there are definite compounds containing 11-97% 
and 12-76% of nitrogen corresponding to ennea- 
and deca-nitrocellulose respectively. Brunswig 
(Z. ges. Schiess- u. Sprengstoffw. 1928, 23, 387) 


reached a similar conclusion. The following 
table gives the percentages of nitrogen in the 
different possible nitrocelluloses of the C 24 
series: 


Nitrogen, 

0/ 

/o« 


Dodeca-nitrocelluloae CoiHoftOon (N 02)12 

14-14 

Endeca- , 

^24^29^20(^^2)11 

13-48 

Deca- , 

^24^30^20(^^2)10 

12-76 

Ennea- , 

^24^31^20(^^2)0 

11-97 

Octo- , 

, C 24 H 32 O 20 (N 02)3 

11*12 

Hepta- , 

^24^33^20(^^2)7 

10*18 

Hexa* , 

’ ^24^34^20(^^2)0 

9*15 

Renta- , 

, C 24 H 3502 o(N 02)5 

8*02 

Tetra- , 

, C 24 H 3 g 02 o(N 02)4 

(>•77 


Although it iippears possible that a nurnbei* 
of definite derivatives can be prepared, most 
commercial nitro(!elluloses consist of mixtures of 
the various nitrates, the nature of which 
depends largely upon the composition of the 
nitrating mixture, the time and temperature of 
nitration, and the method used in the manu¬ 
facture. 

To eharactcrise a nitroootton it is usual to 
refer to the nitrogen I’oiitcnt and solubility in 
ether-aleohol rather than to state the number 
of NO 2 groups that is supposed to bo in the 
molecule. Th(^ type of nitroeclluloso may also 
bo indicated by the volume f>f nitric oxide 
yielded })cr gram w hen the*, material is tested by 
the nitrometer method, and this form of nomen¬ 
clature is frequently employed in France. 

As exi)losivcs the nitrocelluloses may be broadly 
divided into two main groups, namely the 
guncottons containing about J3% of nitrogen 
and over, and relatively insoluble in ether- 
alcohol, and the collodion cottons containing 
less than 12-3% of nitrogen, and more or 
less soluble in the above solvent. 

According to Ullmann (Enzyk. 1917, 6 , 96), 
the solubility of nitrocelluloses of different 
nitrogen content is as shown in the following 
table: 


N per cent. 

% Soluble in 

Acetone, Ethyl 
acetate, Amyl acetate. 

Ether-Alcohol (2:1). 

Absolute alcohol. 

131-13-4 

95-100 

Insoluble 

Insoluble 

12-75-13*1 

95-100 

30 

Insoluble 

12-5-12-76 

95-100 

50-100 

10 

12*0-12*5 

95-100 

95-100 

50 

11 - 0 - 12-0 

95-100 

90-100 

50-100 

100 - 11-0 

95-100 

80-100 j 

50 

90-10*0 

30-90 

30-90 ! 

Insoluble 

7-0-90 

30 

30 


3-0-7-0 

Insoluble 

Insoluble 



The solubility of nitrocellulose in ether- 
alcohol is not, however, invariably related to the 
degree of nitration, since it is possible to prepare 
a soluble product containing practically as much 
nitrogen as guncotton. Rosooe, for example, 
prepared a soluble nitrocellulose containing 
12*73% of nitrogen. 


Nitration. —The mechanism of the formation 
of nitric esters has been discussed at some length 
by Farmer (J.S.C.1.1931,50, 75T). He refers to 
the work of Hantzsch, who concluded that acids 
in general exist in two forms, namely a true 
acid form optically similar to the metallic salts 
and a “ pseudo *’ form resembling the esters, 
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these two modifications being in equilibrium 
with one another. In general those acids which 
are “ strong in aqueous solution are also 
strong in the undissociated condition—in some 
cases being more active in the anhydrous 
condition or in inert solvents than in water. 

Nitric acid, however, behaves in an anomalous 
manner since, although one of the strongest 
acids in aqueous solution in the form of its 
hydroxonium salt, it passes readily into the 
pseudo condition when water is removed, as in the 
case of mixtures of sulphuric and nitric acids. 

In considering the nitration of cellulose 
Farmer observed that it is not the acid strength 
of the materials that is concerned, but their 
activity as esterifying agents, i.e. the portion 
of the acid which is in the pseudo form. 

The main constituent of aqueous nitric acid is 
hydroxonium nitrate, but according to Hantzsch 
(Ber. 1925, 58, [Bj, 941), pseudo nitric acid 
can be detected in as low a concentration as f)%. 
When the concentration of the nitric acid is 
increased beyond 78%, corresponding to 
HN 03 ,H 20 , there is no longer sufficient water 
to form the hydroxonium salt, and the proportion 
of pseudo nitric acid increases rapidly. 

The addition of a relatively small proportion 
of sulphuric acid abstracts water from 
HN 03 ,H 20 and increases the proportion of 
pseudo nitric a(!id, and if the percentage of 
sulphuric acid is appreciably increased the nitric 
acid passes almost wholly into the latter (con¬ 
dition. In mixed acid of ver^’^ high concentration, 
i.e. where the water content is very small, the 
formation of nitronium sulphate takes place 
with consequent considerable rediu^tion of the 
pseudo nitric acid, that is to say, as the con¬ 
centration of the mixed acids increases the 
proportion of pseudo nitric acid rises to a 
maximum and then decreases. 

In mixed acid, containing 10-15% of water 
as usually used for the nitration of cellulose, the 
main constituents are (1) pseudo nitric acid— 
capable of readily passing into the ester form; 
(2) sulphuric acid—not easily passing into the 
pseudo form and therefore esterified with 
difficulty; and (3) a relatively small proportion 
of nitronium salt. 

Since pseudo nitric acid is the effective estcri- 
fying agent it may be assumed that the degree 
of nitration of cellulose will be determined 
by (1) the proportion of pseudo nitric acid and 
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(2) the dehydrating action of the sulphuric 
acid. 

Cellulose can be nitrated by nitric acid alone, 
provided that the concentration exceeds 75% 
HNOg, but to obtain nitrocellulose of high 
nitrogen content the concentration must be 
from 92 to 95% of HNOg. By the addition 
of nitric anhydride a content of 13*86% of 
nitrogen in the nitrocellulose can be obtained, 
which is almost equal to the highest degree of 
nitration obtainable by employing a mixture of 
nitric and sulphuric acids. 

Function of the. Sulphuric Acid .—While it is 
true that sulphuric esters of cellulose are formed 
to a slight extent and that nitric acid readily 
displaces sulphate groups. Farmer concludes 
that there is no reason to assume that nitration 
in general is preceded by sulphation or that the 
sulphuric acid serves any other purpose than that 
of dehydration. 

Maximum Nitration .—An important point in 
the nitration of cellulose is that on increasing 
the concentration of the nitrating acids, i.e. 
decreasing the proportion of water, the degree 
of nitration does not rise continuously but 
reaches a maximum when the acid contains 
about 10% of water. This may be explained 
by the reduced amount of the pseudo nitric 
acid present in the most concentrated of mixed 
acids which lowers their esterifying power. 
The same action of sulphuric! acid—namely, to 
form nitronium salts and so lesson the con¬ 
centration of the nitric acid available for nitra¬ 
tion—is seen very distinctly from the experi¬ 
ments of Rassou and von Bonge (Z. angew. 
Chem. 1908, 21, 732), who obtained the following 
results when nitrating cellulose with mixtures 
of anhydrous sulphuric and nitric acids in 
different ratios: 

Ratio 

HgSO^rHNOg. 1:2 1:1 3:1 4:1 5:1 

Nitrogen in the 

nitrocellulose, %. 13*27 13'36 13*17 10*95 7*3 

The effect of the amount of water ])resent, in 
the mixed acid, on the nitrogen content of the 
resulting nitrocellulose has been studied by 
Jmnge and Bebie (Z. angew. Chem. 1901, 14, 
486). The nitrations were carried out at a 
temperature of 16-18'"C. for a period of 24 hours. 
The following table gives a summary of the 
results obtained: 


j (knuposition of mix('(l acids. 

Nitrogen, 

%. 

Solubility in 
Kther-Alcohol, 

%• 

H 2 SO 4 .Rp.Kr. 1-83. 

% 

HNO 3 Sp.gr. 1*.^. 

% 

T’ 

45*31 

49*07 

5*62 

13*65 

1*50 

42*61 

46*01 

11*38 

13*21 

5*40 1 

41*03 

44*45 

14*52 

12*76 

22*00 

40*66 

43*85 

15*49 

12*58 

60*00 

4(Vf4 

43*25 

16*61 

12*31 

99*14 

39*45 

42*73 

17*82 

12*05 

99*84 

38*96 

42*15 

18*90 

11*59 

100*00 

38*43 

41*31 

20*26 

10*93 

99*82 

37*20 

40*30 

22*60 

9*76 

74*22 

36*72 

39*78 

23*60 

9*31 

1*16 

36*87 

38*83 

26*30 

8*40 

0*61 

34*41 

37*17 

28*42 

6*50 

1*73 
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Lunge and Weintraub investigated the effect of 
time and temperature on the nitration of cotton 
with a mixture of concentrated sulphuric and 
nitric acids in the proportion of 3 :1 respectively, 


and found that with rise of temperature the 
velocity of the reaction increases considerably. 

The following table gives a summary of the 
results obtained: 


Temperature, 

"C. 

Time of 
nitration 
(hours). 

Per cent. N 
in the nitro- 
eelluloae. 

Yield, 

Calcuiated 

yield, 

Loss of 

nitrocellulose, ! 

0 

2-5 

10*71 

152*3 

153 

Trace 

0 

7-0 

13*19 

173*3 

174 


10 

7-0 

13*37 

175*8 

176 

” 1 

15 

7-0 

13*38 

175*6 

176 

M 1 

19 

0*5 

12*72 

166*1 

170 

' 

19 

7-0 

13*39 

175*6 

176 

! 

40 

0-5 

13*07 

172*3 

173 


40 

7-0 

13*06 

169*6 

173 

1*61 1 

60 

0-5 

13*08 

169*2 

173 

1*95 i 

60 

4-5 

13*07 

162*1 

173 

5*67 1 

80 

0*25 

13*07 

161*2 

173 

6*52 1 

80 

0-5 

13*12 

125*2 

173 

27*4 

80 

3-0 

1 

13*12 

81*5 

173 

52*8 i 


It will he seen that the highest yield of nitro- 
cotton and maximum nitrogen content are 
obtained at a temperature of 19° and 7 hours’ 
nitration. At the higher temperatures an 
appreciable decrease in the yield ocieurs due 
partly to dissolution of the nitro(!ellulose and 
partly to its decomposition by the acids. 

According to Paschal (“ Explosifs, Poudres ct 
Gaz de Combat,” ]\ari8, P)25, p. 122), the 
progress of nitration of cellulose in centrifuges at 
a temperature of 25‘'C. is as follows : 

Time (minutes) . 5 10 15 20 25 

NO (ml. per g. 

nitrocellulose) . 193 200 209 209 209 

The form in which cellulose is nitrated plays 
an important part in the nature of the product 
obtained. During nitration the fibres may 
undergo esterification, oxidation and hydrolysis 
to a greater or less extent, the nature of the 
reaction being dependent largely on such factors 
as the composition of the nitrating mixture, the 
temperature of the nitrating bath, the ratio of 
nitration mixture to the cellulose, the intensity 
of the agitation, time of nitration and the 
physical condition of the cellulose. 

During nitration water is produced and a 
certain amount of heat is generated. If the 
reaction proceeds too rapidly the acid im¬ 
mediately in contact with the fibre may be 
rendered so deficient in nitric acid that hydrolysis 
occurs, whereas local heating may lead to both 
oxidation and hydrolysis of the cellulose. 

Those effects may bo largely eliminated or at 
least considerably reduced by agitation, which 
must not, however, be too vigorous or it may 
lead to the disintegration of the fibres and 
conversion of the cellulose reaction products into 
non-recoverable finely dispersed material. 
Moderation of the temperature and regulation 
of the physical condition of the cellulose also 
tend to retard undesirable side reactions. 

If the cellulose is of poor absorbency it will 
tend to float on the surface of the nitrating 
bath, and as a result of local heating ignitions 
may occur. 


Wood pulp may be nitrated in the form of 
tissue paper, but this method of conditioning the 
material is somewhat expensive. Hood and 
Schur (U.S.P. 1880052) describe a method of 
preparing wood pulp in a suitable form for 
nitration by shredding the material under 
predetermined conditions of moisture content 
and then allowing the material to dry. If the 
stock is mercerised and then shredded in the 
presence of a controlled amount of moisture it is 
claimed that nitroccUuloses can be produced 
which are equal in most respects to those 
obtained from high grade linters. 

Demougin (Mem. Poudres, 1928, 23, 268) 
gives an account of experiments on the nitration 
of cellulose from various sources carried out at 
the Poudrerie d’Angoulcme on the industrial 
scale. Wood, esparto and straw ceUuloso (the 
former in the form of “ w^ool ” or unsized paper) 
were nitrated by the Sol wig method. The 
nitrocellulose obtained from the wood cellulose 
yielded 207-210 ml. of NO per g. and 20% 
soluble in alcohol, and w as of suitable quality for 
use in smokeless powder manufacture. The 
wood “ wool ” was somewhat difficult to nitrate 
by the Thomsen proc'css, and this method of 
nitration was unsuitable when the cellulose was 
in the form of paper or wadding. 

Esparto cellulose on nitration gave a nitro¬ 
cellulose intermediate between that obtained 
from wood cellulose and that from cotton. In 
the form of “ wool ” this material had a tendency 
to form hard lumps and it was necessary to 
nitrate it in the form of wadding or paper. A 
sample of cellulose obtained from straw con¬ 
taining 10% of ash was not nitratable, but 
material containing 2*5% ash gave a nitro¬ 
cellulose yielding 210 ml. of NO per g. 

Notwithstanding the lower price of wood 
cellulose as compared with linters the cost of 
the nitrated product was higher owdng to 
increased acid concentrations, the greater losses 
of acid and the lower yields. Demougin con¬ 
cluded that in peace time there is no advantage 
either from the point of view of price or quality 
in substituting wood nitrocellulose for that 
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obtained from cotton. He considered, however, 
that in war-time the use of the former material 
would be a necessity. 

According to Parravano and Centola (Gazetta, 
1936, 66, 735), hemp gives a nitrocellulose of 
greater stability than that derived from cotton. 
This increased stability is attributed to the 
greater proportion of the non-cellulosic con¬ 
stituents of hemp which, on removal during the 
nitration process, leave larger spaces in the 
micelle, thus permitting more effective internal 
washing of the nitrocellulose than is the case 
when cotton is used. 

The nitration of cellulose from different 
sources, particularly from wood, has been some¬ 
what exhaustively studied by Naimaii and 


Troitzky (J.S.C.I. 1935, 64, 255). They state 
that the chief obstacles to the wider use of 
technical wood cellulose in the manufacture 
of nitrocelluloses are the difficulty of obtaining 
the material in a suitable form for nitration, 
and the considerable amount of foreign non- 
cellulosic matter which is present. The most 
important of these impurities aro pentosans, 
lignin residues and hydro- and oxycelluloses 
formed during the treatment of the wood 
pulp. 

A number of celluloses were nitrated under 
different conditions, and the resulting nitro¬ 
celluloses and spent acids examined. 

The first of the following tables gives the nature 
of the raw materials used for the nitrations. 





Copper 

Pento- 

Lignin, 

('Konig). 

Ke.sin 


No. 

Material used. 

Ollulosc, 

number 
(Ber- 
f rand). 

sans, 

rTolFns). 

and 

fat.s, 

Ash, 

1 

Cellulose from cotton 

99-55 

0-06 

— 


_ 

0-08 

2 

,, „ w ood .... 

98-50 

0-59 

2-38 

0-36 

0-23 

0-20 

3 

Absorbent cotton .... 

98-86 

0-49 

1-43 

0-37 

0-24 

0-12 

4 

Linters . 

99-38 

0-13 

2-14 

0-10 

0-37 

0-36 

5 

Purified wood cellulose (French) 

96-08 

0-29 

2-90 

0-02 

0-21 

0-44 

6 

Wood cellulose (bleached) . 

87-36 

1-20 

5-63 

0-77 

0-91 

0-29 

7 

,, ,, (u^iblcachc^d) 

87-76 

MO 

4-86 

4-23 

1-22 

1-30 

8 

Crepe paper from bleached fir 








cellulose. 

86-64 

1-1.3 

4-77 

0-55 

0-41 

0-54 

9 

Crepe paper from unbleached fir 








cellulose. 

87-90 

]']4 

4-93 

1-61 

0-57 

0-88 

10 

Cre])c paper from bleached aspen 








cellulose. 

87-19 

1-30 

5-96 

0-82 

0-5H 

0-39 

11 

Straw cellulose (bleached) . 

71-96 

1-39 

27-45 

2-78 

0-27 

3-25 

12 

Fir sawdust. 

60-45' 

1 2-4 

10-92 

29-26 

7-27 

0-16 

13 

Hydrocellulose from cofi oil . 

93-45 

3-91 

1-31 

— 

0-18 

0-49 

14 

Oxy cellulose. 

69-22 

8-91 

1-09 

0-12 

1 0-10 

0-76 

15 

Pentosans . 

— 

— 

90-75 

— 

1 

0-47 


^ Total cellulose by Cross and Bevan’s method. 


No. 

Material used. 

N content, 

ml. NO 
per g. 

Yield, %. 

Solubility. %. 

Viscosity 

Ash, 

Obs. 

Cak'd. 

Ether- 

Alcohol. 

Alcohol. 

(Engler). 

%. 

1 

Cellulose from cotton . 

209-3 

17M 

172-5 



— 

— 

2 

Cellulose from bleached 
w^ood cellulose . 

209-1 

163-3 

172-4 

18-9 

0-51 

1-08 

0-04 

3 

Absorbent cotton . 

210-8 

— 

— 

1-57 

0-27 

23-22 

0-14 

4 

Linters. 

210-2 

167-5 

173-1 

3-28 

1-03 

*7-32 

0-11 

5 

Purified wood cellulose 
(French) 

209-7 

167-0 

172-8 

4-03 

0-18 

8-13 

! 

0-17 

6 

Wood cellulose— 
Bleached 

207-8 

163-2 

171-7 

7-03 

0-62 

10-02 

0-20 

7 

Wood cellulose— 
Unbleached 

207-1 

153-5 

171-2 

8-77 

0-35 

10-03 

0-.33 

8 

Crepe paper from 
bleached fir cellulose 

207-2 



8-30 

1-26 

6-50 

0-12 

9 

Crepe paper from un¬ 
bleached fir cellulose 

207-1 



8-58 

0-97 

9-42 

0-07 

10 

Crepe paper from 

bleached aspen cellu¬ 
lose . 

208-1 

160-6 

171-9 

6-95 

0-80 

10-05 

0-29 

11 

Straw cellulose. 

200-6 

132-1 

167-5 

9-63 

1-86 

5-36 

0-30 

12 

Fir sawdust 

187-3 

96-0 

160-4 

14-8 

2-33 

4-79 

0-27 

13 

Hydrocellulose. 

210*8 

151-9 

173-4 

17-5 

— 

1-41 

0-11 

14 

Oxycellulose . 

204-4 

140-3 

167-3 

5-48 

1-72 

1 — 

0-60 

16 

Pentosans .... 

17M 

102-5 

152-4 

17-3 

3-5 

— 1 

0-40 
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All the materials in the first table on p. 505 
were nitrated under conditions similar to those 
used industrially for the production of gun¬ 
cotton and also for nitrocelluloses of lower nitro¬ 
gen content, the products then being stabilised. 

The second table on p. 605 gives various 
characteristics of the nitrocelluloses obtained 
from the raw materials of the first table by the 
use of a nitrating mixture consisting of 68-49% 
H2SO4, 22-17% HNO3, 0-34% N2O4 and 9-0% 
HjO at a temperature of 15-18°C., time of nitra¬ 
tion 1 hour and ratio of material to acid 1 :60. 

It is considered that the use of collulosic 
materials with a large pentosan content for the 
manufacture of highly nitrated nitrocelluloses 
is undesirable as the yield tends to be low, full 
nitration is difficailt and the solubility in ether- 
alcohol is affected. On the other hand, in the 
preparation of the lower nitrated nitrocelluloses, 
material with a high pentosan content gives 
products differing only slightly from those 
obtained from cotton. This fact may be 
accounted for by the almost complete destruc¬ 
tion of the pentosans by the weak nitrating acid 
used, hence the poor yield from cellulose of this 
typo. The products of decomposition of the 
pentosans formed during the process of nitration 
dissolve in the mixed acid and consequently 
render it very impure. 

Oxycellulose, when nitrated under the same 
conditions as cellulose, gives a nitrocotton which 
is difficult to stabilise, and the yield is low as 
compared with that obtained from the latter 
material. NitrohydroceUulose produced under 
similar conditions differs from nitro-oxycellulose 
in being more soluble in ether-alcohol and having 
a higher nitrogen content. 

As a result of their experiments Naiman and 
Troitzky conclude that the presence of non- j 
collulosic impurities in technical wood-cellulose 
exerts an unfavourable influence on the nitro- 
eelluloses prepared from it, and consider that it 
is necessary to remove these impurities as 
completely as possible if high quality nitro¬ 
cellulose is to be obtained. 

Guncotton. 

Manufacture. 

There are a number of different processes 
employed in the manufacture of guncotton, 
among which are the “ Pot ” process (now little 
used), the Thomsen displacement method, nitra¬ 
tion in centrifuges, and the American method 
in which nitration is carried out in pots provided 
with agitators. Continuous nitrating processes 
have also been introduced. 

Prime Materials: Cellulose. — Although 
many forms of fibrous cellulose materials have 
been tried from time to time, the chief form 
in general use is the cotton waste from spinning 
mills and other sources. Cellulose derived from 
wood is, however, being employed to an increasing 
extent in the manufacture of nitrocelluloses. 

New cotton would be the most suitable 
material to use, but it is too expensive. Cop 
bottoms—the last portion of cotton left on the 
spindles—are frequently used for the manu¬ 
facture of collodion cotton, but this form of raw 
material is too costly for general use. Lintors 


—^the last portion of the cotton from the seed— 
are also used to a considerable extent {v. Vol. II, 
p. 463d). 

Weaving mill waste is contaminated with 
starch, which is applied to the warps to 
strengthen them and can only be used after the 
starch has been removed, as the nitration 
prpducts of this impurity are somewhat unstable. 
The quality of the waste from different sources 
varies considerably, and it is important that it 
should be as pure as possible in order to obtain 
a good yield of high quality guncotton. 

The previous treatment of the raw cellulose 
has been shown by Piest (Z. angew. Chera. 1909, 
22, 215) to have a considerable influence in the 
manufacture and properties of nitrocellulose. 
The product from strongly bleached or mer¬ 
cerised cotton has a lower nitrogen content, a 
higher solubility and is more difficult to stabilise 
than that obtained from ordinary cotton. Hake 
and Bell (J.S.C.I. 1909, 28, 460) showed that the 
physical condition of the cellulose affects the 
nitration; if the cotton is dense the nitration 
is slow and a larger proportion of the sulphuric 
ester is formed with consequent loss in yield. 
Lunge showed that the source of the cotton 
had little effect on the resulting nitrocellulose. 
The viscosities of cuprammonium solutions of 
cotton have been investigated by Ost (Z. angew. 
Chem. 1911, 24, 1892) and others with a view to 
determining its suitability for nitration. New 
cotton gives more viscous solutions than cotton 
waste, especially if the latter has been chemically 
treated, and nitro-cottons prepared from thes(j 
two forms of cellulose give acetone solutions 
differing in viscosity to a comparable extent. 

Piest [ibid. 1913, 26, 26) showed that the 
decreasing viscosity of nitrocellulose solutions 
on standing depended on the extent to which tht* 
original cellulose had been bleached. This is 
attributed to the presence of impurities such as 
the esters of oxycellulose. 

Purification of the Cotton. —The waste is 
first degreased by mt^ans of an organic solvent 
such as benzene, then boiled in a kier with a 
weak solution of sodium carbonate or caustic 
soda, bleached with bleadiing powder, washed, 
neutralised with sulphuric acid, again washed 
and finally dried. In some factories, after 
degreasing, the cotton is digested in a kier with 
a solution of caustic soda under a pressure of 
40-80 lb. per sq. in., and the treatment with 
bleaching powder is omitted. 

Levine (Ind. Eng. Chem. 1916, 8, 298) suggests 
purification of the cotton by bacterial treatment, 
and claims that the impurities are thus removed 
more completely. 

The purified cotton should consist of nearly 
pure a-cellulose with little or no oxy- or hydro¬ 
cellulose. It should contain no chlorides or 
sulphates and be free from starch, cotton dust 
or “ fly.” The fatty matters present should 
not exceed 0-3%. 

According to Steude (Nitrocellulose, 1930, 1, 
194) a typical raw American cotton contains 
83-71% cellulose, 1-6% protein, 6*74% moisture, 
6-79% nitrogen-free extractive material, 0*61% 
fat and 1*66% ash. Such material is purified so 
thoroughly before use that it contains approxi¬ 
mately 99-8% of a-cellulose. 
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Uncarded waste intended for use in the 
manufacture of guncotton may contain a 
considerable amount of impurities such as 
wood, cane, string, metal, rubber, etc. These 
impurities and any hard knots of cotton are 
removed as far as possible by hand picking, 
and the cotton is then passed through a 
“ teasing ” machine or “ willow,” a combination 
of drums provided with sharp, pointed teeth 
which tear the threads apart and open out the 
knots and lumps. The cotton is picked over 
again as it leaves the machine, and dried on 
an endless band in a current of hot air so that 
the moisture content is reduced to about 0*5%. 
It is then weighed out into charges, placed in 
tightly closed receptacles and allowed to cool. 

Examination of thf. Cotton.— ^Moisture is 
determined by heating the material at a 
temperature of 100-105*^0. until it is constant 
in weight. Prolonged drying should be avoided, 
as cellulose tends to undergo a certain amount 
of oxidation when lieated for a long period at this 
temperature. 

Fatty Matter .—This is determined by extract¬ 
ing the cotton with etlier in a Soxhlet apparatus. 
The matter extracted by this solvent should not 
exceed 0 - 3 %. 

Matter Soluble ia 3% Boiling Caustic Soda 
Solution (Pentosans, hernicelluloscs and resins). 
—For this estimation the cotton is boiled for 
1 hour with a 3% solution of caustic soda, and 
after thorough washing the residue is dried and 
the loss of weight is determined. 

“ Wood Gum ''’—15 g. of the dry cotton 
are mixed with 300 ml. of 5% NaOH and 
constantly shaken for 24 hours at a temperature 
of 18“20°C.; 100 ml. of the filtered solution 
are then mixed with 200 ml. of alcohol (92*5% 
by weight) and a little phenolphthalein. The 
solution is then just neutralised by means of 
hydrochloric acid and a further 5 ml. of normal 
hydrochloric acid are added. The liquid is then 
allowed to stand for 24 hours and the precipitate 
is collected on a Gooch crucible, washed with 
alcohol and then with ether and finally dried 
and weighed in a closed vessel. 

According to Piest (Papier. Fabr. 1914, 12, 
860), the amount of wood gum present should 
not exceed 2 %. 

Viscosity .—This is usually determined on a 
2 % solutioji of the cotton in cuprammonium 
solution, which may be prepared by a number 
of methods. Clibbert and Geake recommend 
the treatment of a mixture of 2*6 litres of 
ammonia (sp.gr. 0*880), 0*4 litres of water, 3*0 g. 
of cane sugar and 180 g. of precipitated copper 
with a current of air at the rate of 10 litres per 
hour. The mixture should be contained in a 
closed vessel provided with a stirrer. The 
solution before use should be adjusted so that it 
contains 15 g. of copper, 240 g. of ammonia and 
less than 0*5 g. of nitrous acid per litre. In 
carrying out the test sufficient cotton, in the 
undried condition, to give a 2 % solution of the 
dry cotton is dissolved in the cuprammonium 
solution and the viscosity is determined by the 
Falling Sphere Viscometer. 

In order to obtain accurate results a number 
of precautions are necessary, and reference 
should be made to the original papers of Gibson 


(J.C.S. 1920, 117, 479) and Gibson and Jacobs 
{ibid. 1920, 117, 473). This question is also 
dealt -with in considerable detail by Dor 6 e (“ The 
Methods of Cellulose Chemistry,” London, 1933, 
p. 50). 

Copper Number .—This represents the amount 
of copper reduced from the cupric to the 
cuprous state in alkaline solutions by 100 g. of 
cotton, and gives an indication as to whether 
any appreciable changes have taken place in 
the cellulose during its purification. 

The copper number is usually determined by 
the Schwalbo-Braidy method, w'hich is a 
modification of the original Schwalbe process, 
as foUow'S: 

2*5 g. of the air-dry cellulose are placed 
in a conical flask of about 120 ml. capacity; 
95 ml. of a solution containing 50 g. of sodium 
bicarbonate and 350 g. of sodium carbonate 
crystals per litre are mixed with 5 ml. of a 
10 % w/v solution of copper sulphate 
(CUSO 45 H 2 O), the mixture raised to the 
boiling-point and then added to the cotton. 
Air bubbles are eliminated by means of a glass 
rod and the cotton distributed uniformly through 
the liquid. The flask is then closed with a pear- 
shaped bulb and immersed almost completely 
in boiling water for a period of exactly 3 hours. 
The contents are then filtered, the residue being 
washed at first with dilute sodium carbonate 
solution and then with water until free from 
soluble copper salts. The cotton is then treated 
with a solution containing 100 g. of iron alum 
and 140 ml. of sulphuric acid per litre in order 
to dissolve the precipitated cuprous oxide. The 
residue is further washed with 2 A-flulphuric 
acid and the combined filtrate and washings 
titrated with iV/25 potassium permanganate 
solution. 

Methylene Blue Absorption Value .—^The acidic 
and poetic bodies present in cotton have an 
affinity for methylene blue and therefore tend 
to raise the absorption value. 

The method of determination is as follows: 
2*5 g. of the air-dry cotton are treated with 
15 ml. of a buffered solution of methylene blue 
containing 6*81 g. of potassium dihydrogen 
phosphate, 29*31 g. of normal sodium hydroxide 
solution and 1*279 g. of pure methylene blue 
per litre. The cotton is well incorporated with 
the solution and the mixture allowed to stand 
for 18 hours. At the end of this period the 
mixture is centrifuged and 10 ml. of the clear 
liquid titrated with a solution of Xaphthol 
Yellow-S dye containing 1*6-2 millimols per 
litre. This solution is standardised by means 
of the Methylene Blue solution. 

The absorption value is the number of milli- 
mols of Methylene Blue absorbed per 100 g. 
of dry cotton. 

Malachite Green Test (for residual lignin).— 
The Malachite Green reagent is prepared by 
dissolving 0*1 g. of the pure basic dyestuff in hot 
water and diluting to 600 ml. To this solution 
is added 50 ml. of commercial 40% formalde¬ 
hyde and 1 g. of sodium bisulphate and the 
whole diluted with water to 1 litre. In carrying 
out the test 3 g. of the cotton are heated with 
300 ml. of the above solution on the water 
bath for 10 minutes. At the end of this period 
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25 ml. of a clear solution of bleaching powder 
(20 g./litre) are added to the coloured liquid, 
whereby the excess of dyestufi' is destroyed. 
The cotton is allowed to steep for a further 
6 minutes in the hot liquid and is then filtered 
off. The cotton is rinsed, pressed and then 
examined visually. Any specks or fibres of 
lignified material appear as bright green 
particles against a white cellulose background 
and the quantity may be estimated by inspection 
or by comparison with standard material. 

a-Cellulose .—10 g. of the air-dried cotton 
are triturated for 7 minutes in a mortar with 
60 ml. of a solution containing 17*5% of 
sodium hydroxide. The mixture is filtered on 
a porous plate with the aid of a vacuum pump 
and washed first with about a litre of distilled 
water at 20°0., secondly with 100 ml. of a 
10% solution of acetic acid and finally with 
warm water at a temperature of 80°C. until the 
filtrate is neutral. The residue of a-cellulose 
is then dried to constant weight at 100°C. 

Iodine Number .—This is usually determined 
by a modification of the method of Maohemer 
and Bergmann (Mem. Poudres, 1932-33,25,222). 
2*5 g. of the cotton are placed in an Erlenmeyer 
flask provided with a well-fitting glass stopper 
and 25 ml. of a A/10 iodine solution are added. 
The mixture is well shaken in order to secure 
absorption of the iodine solution and then 
75 ml. of a A/10 sodium hydroxide solution are 
added. The mixture is again shaken and 
allowed to stand for 30 minutes with occasional 
agitation. At the end of this period 6-10 ml. 
of a 10% solution of sulphuric acid are added 
and the liberated iodine titrated with A/10 
thiosulphate. 

The results may be calculated as millilitres of 
A/10 iodine absorbed per gram of cotton. 
Brissaud, however, prefers to express the 
results as the “ hydrogen reducing power ” in 
milligrams per 100 g. of the cotton. 

Silver Number .—Brissaud (Mem. Poudres, 
1934-36, 26, 204) employs the following method 
for this determination : 2*5 g. of the cotton are 
treated at lOO'^C. for 1 hour in an Erlenmeyer 
flask with 60 ml. of a solution containing 10 g. 
of silver nitrate and 7 g. of sodium acetate per 
litre. After filtering and washing, the deposited 
silver is dissolved in 40% nitric acid and titrated 
with a A/50 solution of ammonium thiocyanate. 
The silver number is obtained from the following 
equation 

Silver Ao.=20x ^ 

A 

where A—the number of millilitres of thiocyanate 
necessary to titrate 5 ml. of A/10 silver nitrate 
solution, and N=the number of millitres of 
thiocyanate to titrate the silver reduced by 2*6 g. 
of the cotton. 

The question of the relation between the 
various chemical tests applied to cotton has 
been studied at some length by Brissaud {ibid. 
1934-6, 26, 204). He concludes that the 
closest relation exists between tests somewhat 
similar in character; for example, the relation¬ 
ship between the iodine and silver numbers is 
closer than that between the iodine and the 
copper numbers. According to Brissaud the 


Methylene Blue value bears little or no relation 
to the other numbers and is mainly an indication 
of the ligneous matters present. 

Mixed Acids. —The mixed acid used in the 
manufacture of guncotton should be of a high 
degree of purity and free from solid matter. 

The proportions of the acids employed were, 
until recently, similar to those used by von 
Lenk, namely 1 part of nitric acid (sp.gr. 1-6) 
containing not more than 1*5% of nitrous acid 
and 3 parts of sulphuric acid (sp.gr. 1-84). The 
more modern mixtures vary slightly in propor¬ 
tions according to the method of nitration, and 
their composition is given under the various 
processes. 

The experiments of Lunge have shown that it 
is not necessary to have a very low concentration 
of water and tiiat with acid having the propor¬ 
tions of 3 parts of sulphuric to 1 of nitric acid 
it is possible to work with as much as 12% of 
water. Not only is such an acid much cheaper, 
but J.<ungo agrees with Will that the nitro¬ 
cellulose manufactured with the more dilute 
acid is more stable than that produced by using 
more highly concentrated acid. 

Lunge also investigated the influence of 
nitrous acid on the quality of the nitrocellulose 
and found that with contents up to G% of this 
impurity in the mixed acid it exerted no in¬ 
fluence on the nitrogen content, solubility or 
stability of the product. If, however, the 
proportion of nitrous acid was higher than 6% 
there was some doubt as to whether the stability 
of the resulting nitrocellulose was not adversely 
affected to some extent. 

Blcclita (Z. ges. Scliiess- u. iSprcnigstoflw. 
1920, 21, 38) states that the 2 )rcscnco of nitrous 
acid in the nitrating mixture gives rise to the 
formation of cellulose nitrites, but even when 3% 
is present the amount of nitrous ester produced is 
very small. .Furthermore, since cellulose nitrites 
are easily decomposed by boiling with acid or 
alkali they are readily eliminated from the 
nitrocellulose during the normal stabilisation 
process. 

Most explosive factories possess plant for the 
manufacture of the nitric acid and for the 
recovery of waste acid, the latter being revivi¬ 
fied and used again. The acids are mixed in 
large quantities, analysed and the composition 
adjusted by the addition of concentrated acids 
as required. Fuming sulphuric acid or “ oleum ” 
is now frequently used for reducing the water 
content. 

Mechanical mixing of the acids was at one 
time generally practised, but it was subsequently, 
found that perfect admixture was obtained by 
running the sulphuric acid into the nitric acid. 
However, the acids are now frequently mixed 
by means of compressed air, arrangements being 
made to condense any nitric acid vapours which 
may be evolved. 

Nitration. AheVs Nitration Process .—This 
method of manufacturing guncotton, which is 
now becoming obsolete, is carried out as follows: 
The mixed acid is run into the dipping pans, 
which are made of cast iron and arranged in a 
tank through which cold water is circulated in 
order to keep the temperature below 22®C. 
The pans hold about 220 lb. of mixed acid and 
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are provided at the back with a grating and the dippers are emptied into centrifuges and the 
lever in order that a portion of the adsorbed waste acid removed. The guncotton is then 
acid may be squeezed out from the charge, treated in a similar manner to that employed 
About li lb. of cotton, in small portions, are in the Abel process. The yield by this method 
quickly immersed in the mixed acid, which is is about 159% of the cotton nitrated, 
composed of 3 parts of 96% H 2 SO 4 and 1 part Centrifuge Process .—In this process, largely 
of 91% HNOs* After a period of 5 or 6 minutes used on the Continent, the nitration is carried 
the cotton is removed and squeezed on the out in a perforated iron basket which rotates 
grating with the lever, which has a plate at one inside an outer iron casing. The outer casing is 
end. The charge, with the adhering acid, which provided with a water jacket to control the 
now weighs about 15 lb., is placed in a closely temperature and the centrifuge is provided with 
covered earthenware pot in which it is allowed a cover fitted w ith a fume pipe. After the mixed 
to remain for from 12 to 24 hours, the tempera- acid has been run in, the charge of cotton, 
ture being controlled by coohng the pots in a varying from 17^ to 26^ lb., depending upon the 
current of cold water. By this prolonged size of tlie nitrator, is gradually added while the 
contact with the acid the nitration of the basket is slowly rotating. The effect of the 
cotton is completed ; the cooling is necessary to rotation is to produce better coiitact between 
prevent decomposition of the product by oxida- the <;otton and the acid than in the ordinary 
tion and a low temperature is said to be favour- di])ping processes and the nitration only occupies 
able to the production of guncotton with a low from 30 minutes to an hour. When the nitration 
percentage of soluble nitrocotton. The bulk is (‘omplcte the bulk of the waste acid is drawn 
of the acid is then removed by means of a centri- off and the basket rotated more rapidly in 
fuge, the contents of six i)ois being centrifuged order to remove a further quantity of the acid, 
for 10 minutes at a rate of about 1,200 r.p.rn. It is necessary not to reduce the pro])ortion 
The guncotton is then transferred in small of acid too far in the wTinging process, otherwise 
quantities to the immersion tank, where it is the charge is liable to “ fume ofl’.” In this 
plunged, by means of a wa)oden paddle or process the nitrating acid is about fifty times 
iron fork, beneath the surface of the water, the w^eight of the charge of cotton and has 
The immersion tank is provided with running approximately the following composition : 
water and is fitted with a perforated copper 23-15% HNO3, 69-35% HoSO^ and 7-5% 
plate through which the water overflows. The HgO. The rapidity with which nitration is 
guncotton is kept stirred by means of a paddle effected by this process is facihtated by the 
and is w ashed until it is practically free from relatively high nitric acid content of the nitrating 
acidity, after which it is again centrifuged and mixture. In Ihe improved Selwig and Lange 
finally given a short washing with water, when nitrating centrifuge the acid is caused to circulate 
it is ready for the boiling process. The im- continuously through the material by means of 
mersion in the w^ater has to be carried out a pump in order to ensure more uniform nitration 
expeditiously, as the acid guncotton is liable to and avoid local heating. 

“ fume off ” on slow contact with water. The After nitration the nitrocotton is removed 
yield by this process is about 164% of the by tongs to a conveyor which transfers it at 
theoretical. once to the drowning tanks. In order to avoid 

Although the Abel process produces a good the somewhat dangerous operation of trans- 
guncotton there is considerable wear and tear porting the acid guncotton, Selwig and Lange 
of the plant and occasionally loss of material have introduced a device, in close contact with 
owing to decomposition or “ fuming off ” taking the centrifuge, by means of which the charge 
place in the digesting pots. Moreover, thi-rc is can be immediately immersed and carried by a 
a considerable expenditure of labour and power, stream of water to a tank where the preliminary 
and large quantities of water are required for washing is completed, 

the cooling and immersion o])eration 8 . Displacement Process (Nathan-Thomson 

Direct Dipping Process .—In this process the method).—This process was introduced in 
operation of nitration is completed in one stage. England in 1905 and is now employed to a con- 
The nitration is carried out in a series of iron siderable extent. The plant consists of sots of 
pots, termed “ dippers,” standing in long four circular earthemvare pans, 3 ft. 6 in. in 
cooling tanks containing water, the pots being diameter and 10 in. deep at the side with a 
closed by covers from which the fumes are led slight fall towards the centre of the bottom, 
away to exhaust pipes. Each dipper is charged The pans are furnished with perforated false 
with 127 lb. of mixed acid, the temperature of bottoms and are connected at their lowest 
which is adjusted to 15°C., and the charge of points with a lead pipe, provided with a stop- 
4J lb. of cotton gradually added. During this cock, which leads to the acid supply, the waste 
operation the temperature rises to about 25°C. acid pipe and the waste water pipe. The pans 
The nitration is allowed to proceed for from are covered with aluminium hoods provided with 
8 to 24 hours according to the composition pipes for leading away the fumes. The nitration 
of the nitrating mixture, the temperature mean- is carried out in the following manner : 650 lb. 
while falling to about 20°C. The mixed acid of mixed acid, containing 70-5% H 2 SO 4 , 21% 
for a 12 -hour immersion contains 75% H2SO4, HNO3, 0-6% HNOg and 7-9% HgO, are 
15-75% HNO3 and 9-25% HgO. Generally, adjusted to a temperature of 10-15°C., and run 
the more rapid the rate of nitration required into one of the pans. A charge of 20 lb. of 
the higher the proportion of nitric acid which cotton is then gradually added, each portion 
must be used. being immersed below the surface of the acid, 

When nitration is complete the contents of the operation taking about 6 minutes. 
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The contents are then covered with a 
perforated plate assembled in sections, and a 
thin layer of water at about 6®C. is very 
^adually run over the surface of the plate. 
This film of water prevents the further escape 
of acid vapours and the fume hoods can then 
be removed. 

When nitration is complete—after a period of 
about hours—water is slowly run over the 
surface of the acid and by opening the stopcock 
the acid is allowed to be displaced at the rate 
of about 17 lb. per minute. About 80% of the 
waste acid is allowed to flow ba(?k to the storage 
tanks, in which it is revivified with strong nitric 
and fuming sulphuric acids, the remaining 
weaker acid being denitrated and concentrated. 
When the whole of the acid has been displaced 
—an operation which takes about 3 hours— 
water is allowed to flow through the guncotton 
until it is apparently neutral in reaction, when 
it is ready for the boiling process. The yield 
is about 170% of the cotton used and the product 
IS more evenly nitrated than in the Abel 
process. 

The advantages of the displacement process 
are that the cotton is immersed more rapidly 
and that the processes of dipping, nitration, 
removal of waste acid, drowning and pre¬ 
liminary washing are conducted more rapidly 
than in other dipping processes and arc all 
carried out in one apparatus. Furthermore, 
there are seldom any losses owing to “ fuming 
off,” the exposure of workmen to fumes is 
practically eliminated, there is less loss of acid 
and the recovered acid is cleaner. The cost of 
labour and upkeep of the plant is less than 
ordinary dipping methods and less water is 
used. Finally, the yield is higher and the 
product is more uniform and of greater stability. 

The improved stability of the material is 
attributed by MacDonald (J.8.C.I. 1911, 30, 
261) to the fact that unstable nitro-compounds 
are decomposed during the displacement of the 
acid, as evidenced by a rise in the proportion 
of nitric acid in the waste acid, after a fall, 
towards the end of the process. 

American Process .—In America, nitration is 
usually carried out in iron pots, equipped with 
two interlocking agitators revolving in opposite 
directions, and having a capacity for dealing with 
a charge of 30--36 lb. of cotton and about 1,600- 
1,700 lb. of mixed acid. Approximately 25-36 | 
minutes after the cotton and the acid have been 
mixed together in the pot, the charge is sluiced 
into a centrifuge, where the bulk of the waste 
acid is removed. The nitrocotton is then dis¬ 
charged into the drowning tanks, where it is 
broken up by a copious stream of water and 
then flushed to the stabilising vessels. 

Continuous Nitrating Processes .—For the 
continuous production of guncotton it is pro¬ 
posed (B.P. 293190) to convey a layer of cotton, 
by means of a revolving band, through a bath 
containing the nitrating acid. The band is so 
constructed that the acid, which is fed into the 
bath continuously, is able to make contact with 
both sides of the layer of cotton. After leaving 
the acid bath the nitrocotton falls into a suitable 
pan or on to a conveyor where the greater 
portion of the adhering acid can be drained away 


and the residue removed by a water spray or 
other suitable means. 

In Juer’s continuous nitration process (U.8.P. 
1486607), a rotating drum furnished internally 
with a spirally twisted plate is used. This plate 
separates the lower portion of the cylinder into 
a series of compartments and also acts as a 
conveyor for the charges. The cotton and acid 
in sufficient quantity to fill one compartment 
are first mixed together in a pot and then 
introduced into the drum, which is afterwards 
given one complete rotation. A further charge 
is then added and the cylinder again rotated. 
These operations are repeated continuously. 
The length of the cylinder and the rate of 
rotation are so adjusted that the charges on 
leaving the cylinder are fully nitrated. 

Purification : Boiling .—In the early days of 
guncotton manufacture the cotton, after nitra¬ 
tion, was washed with cold water only. This 
treatment was not capable of removing certain 
impurities, and it is to this inadequate purifica¬ 
tion that the numerous accidents are to be 
attributed. 

At the present time, after the preliminary 
washing, the guncotton is boiled in order to 
purify and stabihse it. The impurities removed 
by the boiling process are the last traces of free 
acid and unstable products of nitration. 
Amongst the latter are ill-defined nitro-bodios 
formed by the action of the nitrating acid on 
the impurities in the cotton, and cellulose esters 
other than those of the higher nitrates such as 
sulphuric, mixed nitrosulphuric and also nitrous 
esters. 

The possibility of the presence of sulphuric 
esters in unstabilised nitrocotton was pointed 
out by Cross and Be van in 1901, and Hake and 
Bell (J.S.C.I. 1905, 24, 374; also 1909, 28, 
457), who examined their mode of formation 
and influence on the stability of nitrocellulose. 
They concluded that mixed sulphuric acid esters 
always occur in the products of the nitration 
of cellulose, and that they are formed owing to 
delayed nitration, caused by partial solution or 
gelatinisation of the cellulose by sulphuric acid 
and subsequent fixation by nitric acid. The 
amount of sulphuric acid fixed during nitration 
is about 1%, but this is reduced during stabilisa¬ 
tion to about 0* 1-0*3%. 

Will found that the stability of nitrocellulose 
was improved by increasing the amount of 
water in the nitrating mixture, whilst in¬ 
sufficient washing lowered the stability. The 
degree of comminution of the cotton was found 
to have but little effect on the stability, which 
was contrary to the opinion generally held at 
the time as to the value of the pulping process 
in effectively stabilising guncotton, and he also 
found that there is a limit to the boiling process 
beyond which there is no increase in the 
stability. 

In the Abel process the guncotton received 
two boilings by means of steam in wooden 
vats, the water being separated by centrifuging 
after each boiling. In many factories a 2% 
solution of sodium carbonate was used in order 
to reduce the time necessary for boiling, the 
function of the alkali being not so much to 
neutralise residual traces of acid as to decompose 
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and dissolve unstable impurities, but this 
alkaline treatment was found to decompose the 
guncotton. The boiling was subsequently 
extended, several boilings were used and the 
process lasted 4-6 days in all. 

Kovache (M 6 m. Poudres, 1926, 22, 159) has 
studied the effect of the presence of alkalis 
in the water used in the boiling process He 
found that alkalis such as sodium, potassium 
and ammonium carbonates, particularly the 
last named, caused an appreciable lowering of 
the viscosity. His results, however, indicated 
that the essential properties of the nitrocotton, 
especially the stability, were not affected by 
these bodies and he concluded that although a 
small amount of the nitrocotton might be lost, 
the theory that a partial saponification of the 
whole mass of the material occurnnl was not 
admissible. 

Owing to selective adsorption, the rate of 
washing out of free acid from nitrocellulose, 
particularly nitrocotton, is much less than that 
calculated for the removal of a soluble com¬ 
ponent. Sheppard (Ind. Eng. Chem. 1921, 13, 
1017) found that the free acid was readil}'' 
displaced by wasliing at 18-20° with sodium 
sulphate solution, ])referably of sp.gr. 1*14. 
The excess of the salt was easily washed out by 
water; sodium suljihate is not adsorbed by 
nitrocellulose. The ])roces 8 improves stability. 

Robertson (J.8.0.1. 1906, 25, 624), as the 
result of numerous experiments with guncotton 
prepared by the displacement process, found 
that boiling in dilute acid at the beginning of 
the process is superior to an alkaline treatment 
as a means of elirnijiating impurities. He found 
that good results were obtained wdien the water 
(iOiitained acid equal to 1 % of H 2 SO 4 on the 
guncotton present, and sufticient should be left 
in the material to give this residt. If the water 
used is hard, enough dissolved calcium carbonate 
may be present to make the water sufficiently 
alkaline for the subsequent boilings. He also 
found that a better yield and a more stable 
product were obtained by longer periods in the 
early and shorter periods in the later boilings. 

The best system of boiling for any factory lias 
to be determined by trial and depends to a large < 
extent upon the nature of the product and the 1 
quality of the -water supply. Too prolonged 
boiling causes loss of nitrogen and an increase ^ 
in the percentage of the lower nitrates con¬ 
stituting soluble nitrocellulose. 1 

Many suggestions have been made for im- ) 
proving the boiling process for stabilising gun¬ 
cotton. Delpeeh (F.P. 441481) suggests treat- ] 
ment of the washed product in an autoclave ' 
with a current of carefully neutralised super¬ 
heated water in order to increase the stability. : 
Luck and Cross claim that for the production of 1 
nitrocellulose for industrial purposes washing 1 
with a dilute acetone solution stabilises more ' 
quickly than the ordinary boiling process. 1 
Haddon (B.P. 6830, 1900) states that heating t 
for 6 hours under pressure at 135° is equivalent < 
to 100 hours’ ordinary boiling. Du Pont 1 
(U.S.P. 724932) suggested agitating with water ( 
and air under pressure and suddenly releasing 1 
the latter, while Selwig and Lange (F.P. 327803) 
proposed that steam be introduced into the i 


i pulped guncotton whilst it is being rotated in 
) centrifuges, and claimed that the stabilisation 
r is very rapidly effected in this manner. 

3 Olsen (U.S.P 1893677), after a preliminary 
heating of the nitrocotton and a short boiling 
1 with acid water, proposes to remove the residual 
i acid by washing the material with a 0*5% 
j solution of urea or an alcoholic solution con 
1 taining ()-5% of diphenylamine. It is claimed 
‘ that one such washing is superior to 20 hours’ 
f boiling with water. 

1 Owing to a shortage of fuel in Greece, Logo- 
, thetia and Gregoropoulos (Z. ges. Schiess- u. 
Sprengstoffw. 1922, 17, 89) introduced a 
modification of the method of purifying nitro¬ 
cellulose by boiling it under pressure. The 
■ nitrocellulose after removal from the nitrating 
centrifuge was first washed with cold water 
and then given five boilings of 3 hours each, 
with twenty times its weight of water in 
wooden vats. After the last washing the nitro¬ 
cellulose was transferred to a rotary autoclave 
containing water, and steam was then introduced 
so as to obtain a pressure of 10-15 lb. per sq. in. 
At the end of a 2 hours’ treatment by this 
method the stability as determined by the ISfi"" 
test was found to be apj)reciably improved, it 
is claimed that this process effects a considerable 
economy in both fuel and water. 

Pulping .—The next operation to which the 
guncotton is subjected is that of pulping, which 
is effected in a “ beater ” similar to that used 
in the paper trade for pulping rags. It consists 
essentially of an iron roller provided with 
knives, and a bedplate, also furnished with 
cutters. As the guncotton passes between the 
revolving roller and the bedplate it is reduced 
to i)ulp. The operation takes about 6 hours 
and has to be conducted in such a manner that 
the pulp is not too coarse or too fine. The 
reduction in the length of the fibres allow's the 
last traces of acid to be washed out of the fibre 
canals. Guttmann first introduced live steam 
into the beaters and so enabled the previous 
boiling to be considerably curtailed. In modern 
beaters the water is continually renewed during 
the operation and the pulp is frequently pumped 
over a strainer or “ knotter ” to remove large 
aggregates. After pulping, mechanical im¬ 
purities are usually removed by passing the gun¬ 
cotton, suspended in a largo bulk of water, 
through long troughs in which the gritty matter 
settles and is caught in traps, l^articles of iron 
are removed by passing over electromagnets. 

Poaching .—The guncotton is now led into 
largo oval tanks called “poachers,’ each of 
which holds about 10 cwt. of guncotton and 
1,100 gallons of water and is provided with a 
rotating paddle wheel to keep the pulp in 
agitation. The pulp is washed at least three 
times, being allowed to settle and the washing 
water containing suspended impurities removed 
by a skimmer between each operation. The 
treatment in the poachers serves not only to 
complete the washing, but also to thoroughly 
mix the products of a large number of nitrating 
operations, thus securing uniformity of the 
final product. 

Moulding by Presiding ,—By means of a vacuum 
the pulp is drawn up into the “ stuff chest,” a» 
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cylindrical iron tank large enough to hold the 
contents of one poacher and in which revolving 
arms keep the pulp uniformly mixed with water 
80 that it can be drawn off as required to be 
moulded in cylinders or slabs. At this stage 
stabilising agents such as calcium carbonate 
may be added if required. 

The requisite quantity of suspended pulp is 
found by means of small measuring tanks and 
is run into moulds of the required size and shape. 
The moulds have fine wire gauze bottoms 
through which the larger portion of the water 
is removed from the pulp by means of a vacuum. 
Hydraulic pressure of about 34 lb. per sq. in. is 
then applied in order to eliminate a further 
quantity of the water and give sufficient con¬ 
sistency to the guncotton to allow of careful 
handling. The slabs are then removed to the 
press house and there subjected to a pressure 
of 5-6 tons per sq. in. 

Those slabs or cylinders which are to serve as 
primers have holes, to receive the detonators, 
bored in them while moist. The slabs of wet 
guncotton which contain from 15 to 17% of 
moisture may be sawn or t urned on a lathe to 
any required shape. Primers are dried at a low 
temperature and may bo waterproofed by 
dipping momentarily in acetone, which gelatinises 
the surface, or in molten paraffin wax. 

Pbopeetiks. 

Guncotton is an odourless, tastelesb and 
neutral body, resembling ordinary cotton in 
appearance when in the loose state. Its absolute 
density, according to de Mosenthal (J.S.C.l. 1900, 
26, 443), is l-65~l-ti8 and that of the ordinary 
compressed blocks is about 1‘0-P2. By very 
strong compression a density of 1-4 can be 
reached, but it is very difficult to exceed this 
figure. 

Guncotton retains the structure of the un¬ 
nitrated cotton. Under polarised light it 
exhibits colours which both Chardonnet and 
Liebschiitz stated are determined by the 
nitrogen content, but do Mosenthal and Lunge 
found that Chardomict’s colours were not 
always confirmed, the colours depending not 
only on the nitrogen content but also on the 
method of preparation. Lunge, however, stated 
that the blue colours are characteristic of nitro¬ 
cellulose containing upwards of 12*75% of 
nitrogen. For the examination of nitrocellulose 
by polarised light Tissot (M6m. Poudres, 1926, 
22, 31) stresses the importance of the medium 
in which the material is embedded and recom¬ 
mends glycerine jelly as one of the most 
suitable mounting media. Using this medium 
he observed the following colours in nitro- 
cottons of different degrees of nitration: 


Nitrogen, 1 

% 

Colom*. 

10*65 

Dull, yellowish white. 

11*8 

Yellow and red with traces of 


violet. 

12*1 

Light and dark blue. 

12*3 

Light blue and specks of dark 


blue. 


De Mosenthal gives the refractive index of gun¬ 
cotton containing 13*5% of nitrogen as 1*5059, 
and confirms Vegnon’s statement that guncotton 
is dextro-rotatory. 

Guncotton, when dry, is readily electrified by 
friction. 

Solubility. —Guncotton is insoluble in hot or 
cold water, alcohol, ether, glacial acetic acid or 
(apart from the collodion cotton content) in 
mixtures of ether and alcohol. It is also in¬ 
soluble in nitroglycerin, but is readily dissolved 
by acetone, ethyl a(X‘tatc, amyl acetate or 
nitrobenzene. 

Action of Acids and Alkalis. —Guncotton is 
not attacked by dilute acids, but it slowly 
dissolves in strong sulphuric acid with the 
formation of cellulose sulphate and liberation 
of nitric acid. Strong nitric acid violently 
oxidises it and may give rise to ignition. 

Dilute alkalis, particularly ammonia, de¬ 
compose guncotton, especially when warm. 
Even calcium carbonate has an unfavourable 
influence on guncotton, but it is one of the 
least objectionable of the neutralising agents 
and quantities up to 2% have no appreciable 
harmful effect on the stability of wc't guncotton, 
its neutralising effect on any acidity developed 
during the storage of the explosive outweighing 
its slight saponifying action. 

Silberrad and Farmer (J.C.S. 1906, 89, 1759) 
have examined the i)roductK of hydrolysis of 
guncotton in alkaline solution. They found 
the reaction complicated by the reduction of 
some of the nitrate to nitrite and degradation 
of the cellulose to hydroxy acids, etc. 

Action of Reducing Ageyits. —Guncotton is 
reconverted into cotton by treatment with an 
alcoholic solution of potassium hydrogen 
sulphide. This reaction, duo to Hadow, was 
found by Abel to give 53•6-55*4% of cotton, 
whereas trinitrocellulose should yield 54*54%. 
This reaction is of considerable importance as 
it shows that guncotton, like nitroglycerin, 
is a nitric ester yielding on reduction the 
hydroxylic body from which it has been pro¬ 
duced and not an amino derivative. 

Stability. —Properly stabilised guncotton is a 
safe and permanent explosive when stored 
under suitable conditions, especially when wet; 
many samples well over 30 years old have shown 
no signs of deterioration. Wet guncotton, 
however, when stored in air-tight containers, 
especially wooden ones, is liable to the forma¬ 
tion of fungoid and mould growths on the 
surface, and for this reason it is frequently 
treated with weak phenolic solutions to prevent 
this form of deterioration. Under certain 
conditions, as when stored in contact with 
certain organic substances at rather elevated 
temperatures, guncotton may be decomposed by 
denitrifying bacteria with the production of 
ammonia, nitrogen and carbonic acid. 

Urbanski, Kwiatkowski and Miladowski 
(Z. ges. Schiess- u. Sprengstoffw. 1937, 32, 67) 
have shown that the addition of certain nitro- 
hydrocarbons increases the stability of gun¬ 
cotton, at least so far as the pg and Taliani tests 
are concerned. A nitrocellulose which gave a Ph 
value of 2*28 after heating for 6 hours at 120°C. 
gave a value of 3*17 when 9*1% of 2:4-dinitro- 
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toluene had been added and 3*24 when it con¬ 
tained 9*1% of o-trinitrotoluene, after being 
heated under the same conditions. 

In the Taliani test a sample of nitrocellulose, 
which gave an increase in pressure of 100 mm. 
of mercury in 32 J minutes, required 48i minutes 
to develop the same amount of pressure when 
9*1% of 2:4-dinitrotoluene was present and 
62J minutes when 9*1% of a-trinitrotoluene had 
been added. 

Effect of Heat .—Briskly heated in small 
quantities in the form of loosely twisted yam, 
guncotton explodes at about 150°C., but the 
exact ignition point depends to a large extent 
upon the physical condition of the guncotton 
and the method of determination. 

According to Vandoni (M6m. Poudres, 1934-5, 
26, 303) nitrocellulose evolves a considerable 
amount of nitrous oxide (N, 0 ) when heated 
for a prolonged period at about 110°C. Landon 
{ibid. 1934-5, 26, 308) gives the following 
composition for the gas obtained by heating a 
sample of nitrocellulose at 110°C. for 72 days: 
carbon dioxide 48-69%, nitric oxide 12-25%, 
nitrous oxide 18-47%, hydrogen 2-61%, carbon 
monoxide 14-66%, nitrogen 3-42%. 

Behaviour on Ignition. —Air-dried guncotton 
retains about 1-5-2% of moisture. In this 
condition on the application of a flame a cylinder 
of guncotton burns in the open air very rapidly 
with a long, fierce flame without any smoke, 
the flame being coloured yellow by the sodium 
salts present. The rate of combustion of gun¬ 
cotton varies with its condition, thus, when 
plaited in the form of a flat tube, it burns much 
more quickly than when in the form of yarn. 
When dry and heated to about 100®C. it burns 
with almost explosive violence on ignition. 

The guncotton as it leaves the presses contains 
about 15-17% of water, and it is not combustible 
in this condition; when held in a flame it only 
smoulders as it partially di-ies. 

Explosive Properties. Sensitivity to Shock. 
— Guncotton can be exploded by percussion; 
when struck with an iron hammer on an iron 
anvil the portions directly struck detonate, but 
the rest of the material remains unaffected. 
According to Bichel and Brunswig, dry gun¬ 
cotton explodes when struck with a 2 kg. weight 
falling 6-10 cm., whereas wet guncotton con¬ 
taining 15% of water requires a fall of 10-15 cm. 
for the same weight. Will (Z. ges. Schiess- u. 
Sprengstoft’w. 1906,1, 209), however, states that 
a fall of 85 cm. for a 2 kg. weight is req^ed to 
explode guncotton containing 16% of water, 
and if 20% of water is present the required 
height of fall is over 186 cm. 

Wooden boxes containing dry, compressed 
guncotton both closely and loosely packed have 
been repeatedly fired at from rifles, the result 
being that the contents have generally ignited 
but never exploded. The use of wet guncotton 
has rendered any danger from shock still more 
remote. 

Sensitivity to Detonation ,—In 1868 Abel foimd 
that air-dry guncotton could be detonated by 
means of 0-32 grain of mercury fulminate and 
later he obtained complete detonation with only 
0-13 grain under special conditions. It can also 
be detonated by 0-06 grain of silver azide. 
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With increase in the amount of water in gun¬ 
cotton detonation by means of mercury ful¬ 
minate becomes more difficult. When 6% of 
moisture is present at least 15 grains of fulminate 
are required, and if the guncotton contains 
12% of water over 100 grains are necessary to 
cause detonation. Guncotton containing 17% 
of water requires 200 grains of fulminate to 
detonate it with certainty. 

Wet guncotton can, however, be readily 
detonated by exploding a dry primer of the 
same explosive in direct contact with it. A 
i oz. primer of dry guncotton is suitable for use 
with material containing 15% of water, but a 
4 oz. primer is necessary when the water content 
reaches 30-35%. 

The discovery of the possibility of detonating 
wet guncotton by a primer of the same explosive 
in the dry condition has been of the greatest 
practical importance as it has rendered the use 
of guncotton for military purposes comparatively 
safe, permitting the great bulk of the explosive 
to bo kept in a moist and non-inflammable 
condition while a relatively small quantity only 
of the dry guncotton is needed for use in the 
“ primers.” 

Velocity of Detonation .—The velocity of 
detonation of dry guncotton at a density of 
1-2 is 7,300 m./sec. (Robertson, J.C’.S. 1921, 
119, 19), and 6,300 m./sec. at a density of 1*3 
(Kast). When 16% of water is present the 
velocity at a density of 1-3 is 6,800 m./sec. 
(Kast). 

Products and Heat of Explosion .—Guncotton 
does not contain sufficient oxygon for complete 
combustion into carbon dioxide, nitrogen and 
water. The following equation, 

4CeH70iiN3+902=24C024 MHgO-t BNg, 

shows that cellulose trinitrate requires 24-3% 
additional oxygen for complete oxidation of the 
carbon and hydrogen present and therefore 
considerable quantities of carbon monoxide and 
hydrogen are to be expected in the gases evolved 
on detonation. 

Milius (Ind. Eiig. Chem. 1937, 29, 492) 
obtained the thermochemical data shown in the 
table at top of p. 514 from firing nitrocelluloses 
of different nitrogen content at a loading density 
of 0-1. 

The samples of nitrocellulose used in obtaining 
these data were all of ordinary manufacture 
and were thoroughly dried before use. The 
calorific value or heat of explosion, Q, was 
determined by firing the explosive in a special 
calibrated steel bomb, and the permanent gas 
volume was measured by allowing the gases to 
expand into an evacuated calibrated system. 
The water produced was expelled from the 
bomb by heating it to 50-60°C., and the evolved 
vapour was absorbed by calcium chloride and 
calculated to ml. per g. (gaseous at S.T.P.), 

Explosive Power .—When tested by the Trauzl 
test, guncotton having a density of 1-12 gave 
an expansion of420 ml. as compared with 320 ml. 
for picric acid under the same conditions. 

When tested under water by the Blochmann 
dynamometer, dry guncotton having a density 
of 1*2 gave a height for the “ 1st maximum ” 
of 31*5 mm. and 36-4 mm. for the “ 2nd 
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Nitrogen content of the nltroceliuloHe. 


12-62 

13-0 

1315 

13-2 

13-45 



0/ 

/o. 

%• 

%. 

% • 

Apparent thermochemical con- 






stants: 






Q, cal./g. (HjO liquid) . 
Permanent gas vohime, nil./g. 

973 

1,025 

1,040 

1,055 

1,090 

S.T.P. 

730 

711 

705 

098 

088 

HjO gas volume, ml./g. S.T.P.. 

170 

109 

109 

170 

169 

Total gas volume, ml./g. S.T.P. . 
Gas analysis (wt. %); 

900 

880 

874 

808 

24-5 

857 

27-0 

Carbon dioxide. 

21-2 

23-8 

24-3 

Carbon monoxide. 

45-9 

43-9 

43-7 

43-5 

41-0 

Hydrogen. 

18-7 

17-3 

16-7 

16-5 

16-1 

Methane. 

0-4 

0-4 

0-4 

0-4 

0-3 

Nitrogen. 

Calorific corrections: 

13-8 

14-6 

14-9 

15-1 

15-6 

Methane formation .... 

8 

7 

7 

7 

6 

Water condensation .... 

74 

73 

73 

73 

74 

Water gas reaction .... 

20 

20 

20 

20 

21 

True Q, cal./g. (water as gas) . . | 

Volume correction for methane 

805 

925 

940 

955 

995 

formation. 

Gas composition at T'"('. of explo¬ 

ti 

0 

0 

0 

4 

sion (vol. %) : 

C!arbon dioxide. 

10 5 

13-9 

14-3 

14-4 

16-0 

(Wbon monoxide. 

43-8 

40-8 

40-5 

40-2 

38-6 

Hydrogen. 

9-5 

9-0 

9-2 

9-0 

7-9 

Nitrogen. 

IM 

11-7 

11-9 

12-1 

12-5 

Water. 

25-1 

24-0 

24-1 

24-3 

25-0 

Water gas equilibrium, K . . . 

Specific heat of products of explo¬ 

7-12 

7-35 

7-44 

7-47 

7-62 

sion . 

0-3045 

0-3055 

0-3057 

0-3047 

0-3066 

T^'C. of explosion. 

1 2,840 

3,025 

3,095 

3,130 

3,245 


maximum ” as compared with 31 -0 and 30*0 mm. 
respectively for picric acid (density 1*44) under 
the same conditions. 

Guncotton containing 10% of water and 
having a density of 1*2 gave a “ 1st maximum ’* 
of 31*6 and a “ 2nd maximum ” of 35-0. 

Bichel, who carried out trials with the above 
instrument, considers that the Ist maximum is a 
measure of the percussive force and the 2nd 
of the gas pressure. 

Uses. 

Guncotton is used to some extent as an explo¬ 
sive charge in torpedoes, in submarine mines 
and for demolition purposes. It is, however, 
now being replaced largely for the above 
purposes by trinitrotoluene and compounded 
explosives. 

It is also used in considerable quantities in the 
manufacture of smokeless powders. 

Testing. 

Moisture .—This can bo determined by drying 
a sample over sulphuric acid until it is of constant 
weight, or by heating it for 24 hours at a 
temperature not exceeding 60"C. and then 
drying in a vacuum over sulphuric acid for the 
same period. 

Ash ,—2 g. are heated in a crucible with about 
10 g. of pure paraffin wax, added as a restrainer, 
first on the water bath until the guncotton has 


adsorbed the wax and then gently over a flame 
until the mass ignites. The source of heat is 
then removed and when the burning has ceased 
the residual carbon is burnt off. The ash is 
recarbonated by means of a solution of 
ammonium carbonate and then again gently 
ignited to remove excess of this reagent. 

Alkalinity .—10 g. of the guncotton are well 
shaken with an excess of decinormal hydro¬ 
chloric acid, allowed to settle, and the excess 
of acid determined in an aliquot portion of the 
clear supernatant solution, with standard alkali. 

Soluble Nitrocellulose. —3*3 g. of the air-dry 
guncotton are placed in a 200 ml. stoppered 
graduated cylinder and 150 ml. of a mixture of 
two volumes of ether and one of alcohol (sp.gr. 
0-830 at 15-5°C.) added. The mixture is 
occasionally agitated during a period of about 
6 hours at a temperature of 15-5®C., and then 
allowed to settle. 75 ml. of the clear liquid are 
then transferred to a small weighed flask and the 
greater part of the solvent distilled off*, the 
remainder being removed by heating in an oven 
at a temperature not excee^ng 60°C. The dry¬ 
ing is continued until the residue is of constant 
weight. 

According to Mallinson (Ind. Eng. Chem. 1916, 
8 , 401), rapid and reliable results can be obtained 
by the following method; 

5 g. of the dry guncotton togjether with 200 
ml. of ether-alcohol are placed in a graduated 
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cylinder and the whole shaken in a machine for 
1 hour at the rate of 6 r.p.m., after which 
the mixture is allowed to settle. 50 ml. of 
the clear liquid are placed in a porcelain dish 
and 500 ml. of hot water (76-80°C.) are slowly 
added down the side of the dish in order to 
precipitate the dissolved nitrocotton. If the 
precipitate is in one mass it is pressed between 
filter papers, then moistened with alcohol and 
again pressed, after which it is dried for 20 
minutes at 70"C. and weighed. If the pre¬ 
cipitated nitrocellulose is not coherent it is 
filtered off on a tared filter, washed with alcohol, 
dried and weighed. 

UyiA'onverted Cotton.—5 g. of the sample are 
well shaken for 0-8 hours in a conical flask 
with a large bulk of acetone and the mixture 
allowed to settle overnight. The clear liquid is 
decanted off, the residue diluted with a further 
quantity of acetone, filtered on a tared paper, 
washed, dried and weighed. The re8i(iuc is 
then ignited and the resulting ash dcdiu'ted from 
the total insoluble. 

Alternatively, 1 g. of the material may be 
boiled for about 10 minutes with 25 ml. of 20% 
sodium sulphide solution and then filtered 
through a Gooch crucible. The insoluble 
re^sidue is then washed with hot water (80‘'C,), 
dried and weighed. 

I^iirogeyi Content .—Nitrogen is usually deter¬ 
mined in a nitrometer, filled with mercury, 
having a 100 ml. bulb and graduated to 150 ml.; 
0-5-0-6 g. of the guncotton is dissolved in about 
5 ml. of 90% cold sulphuric acid and washed 
into the nitrometer with a further 10 ml. of the i 
acid. The nitrometer is shaken until no further | 
evolution of gas occurs and the volume is then 
recorded. After reducing the volume to N.T.P., 
the percentage of nitrogen present is obtained by 
the usual calculation. 

In connection with this determination, 
Beckett (J.C.S. 1920, 117, 220), as the result of 
his investigations, came to the conclusion that 
the nitroraetric estimation of nitrogen in gun¬ 
cotton invariably gives low results. Ho found 
that the interval of time which is allowed to 
elapse between the introduction of the nitro¬ 
cotton and sulphuric acid into the nitrometer 
and the shaking had a considerable influence on 
the results obtained. The most accurate 
determinations were obtained by using 15 ml. 
of 92’5-94*0% sulphuric acid and allowing 
15-30 minutes to elapse between the intro¬ 
duction of the nitrocellulose and acid into the 
nitrometer and the shaking. In this case 
the error is about 0*7% of the nitrogen 
present. 

Determination of Nitrogen by Devarda'a 
Method .—A weighed quantity of the nitro¬ 
cellulose is hydrolysed with a mixture of aqueous 
potassium hydroxide and hydrogen peroxide. 
The temperature must not exceed 50-60°C. 
until aU the nitrocellulose has dissolved, but the 
liquid is afterwards boiled until oxygen ceases 
to be evolved. After cooling, the nitrate formed 
is reduced by adding 6 ml. of alcohol and 2*5 g. 
of Devarda’s alloy. The flask containing the 
mixture is connected to a Kjeldahl distillation 
apparatus and, after the evolution of hydrogen I 
has proceeded for 10-15 minutes, the ammonia I 
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is distilled into standard acid solution and 
estimated in the usual manner. 

Determination of Total Sulphur [Sulphuric 
Eaters^ etc .).—The total sulphur can be deter¬ 
mined by the method introduced by Dunnicliff 
(Analyst, 1925, 50, 543). 5 g. of the nitro¬ 
cellulose arc treat('d with 50 ml. of nitric acid 
(sp.gr. 1-4) and the; mixture heated on the water- 
bath until solution is etfc'cted. After cooling, 
1 g. of sodium chlorate is added and the solution 
evaporated to dryness. The residue is heated at 
120"C. for ^ hour and then treated with 20 ml. 
of hydrochloric acid and 0-5 g. of sodium 
chlorate, again evaporated on a sand bath 
and afterwards heat(‘d for | hour at 120”C. 
Two further treatments are given, one with 
chlorate and nitric acad, and the final one with 
chlorate and hydrochloric acid. TIk^ residue is 
dissolved in water, a little hydrochloric acid 
added and the solution filtered. After the 
addition of 20 ml. of saturated ammonium 
chloride to the filtrate for each 100 ml., thf» 
sulphate present is precipitated in tlu; usual 
manner by means of barium chloride. The total 
sulphur present expressed as HoSO^ should not 
exceed 1%. 

Bergmann and Juni: Teat .—This test gives 
very reliable results and is now widely used. 
In this test the guncotton is heated in a glass 
tube at 132 C., the evolved nitrous gases being 
absorbed in water, and at the conclusion of the 
test the nitrogen present is estimated by the 
8chultze-Tiemann method. The glass tubes have 
thick walls and are 35 cm. long and 2 cm. in 

1 internal diameter. Each tube is fitted wdth a 
hollow glass stopper which is provided with a cup 
to (sontain the water for absorbing the evolved 
gases. 

In carrying out the test 2 g. of the dry nitro¬ 
cellulose are introduced into the tube, any 
particles which adhere to the sides being forced 
to the bottom by shaking or brushing. The 
glass 8to})per is then inserted and the absorption 
cup half filled with w ater, after wdiich the tube is 
placed in the heating bath, which is maintained 
at a temperature of 132'C. The heating is 
continued for a period of 2 hours, after which 
the tube is allowed to cool. During the cooling 
the air in the tube contracts and the water from 
the absorption cup flows back into the tube on 
to the explosive. The absorption apparatus is 
washed with water and the washings ailded to 
the contents of the tube, the whole being made 
up to 50 ml. The mixture is then filtered and 
25 ml. of the filtrate are taken and oxidised 
with 1 ml. of A/2 potassium permanganate 
solution. The amount of nitrogen present is 
then determined by the Schultze-Tiemann 
method. 

A good guncotton should not yield more than 
2*5 ml. of N O per g. and a good collodion cotton 
not more than 2-0 ml. per g. 

According to Dupre, this test is scarcely 
influenced by the presence of mercruric chloride, 
but is considerably affected by the presence of urea. 

Bergmann-Junk-Mayrhofer Teat .—in this 
test the usual Bergmann-Junk stability tubes 
are used, but the test is carried out at 120®C. 

2 g. of the well-dried sample are introduced 
into the tube and 10 ml. of a 5% solution 
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of potassium iodide are placed in the cup. 
After attaching the cup to the tube the apparatus 
is placed in the bath and heated at 120 ° 0 . for 
exactly 6 hours. At the end of this period the 
tube is removed, 10 ml. of distilled water added 
to the cup, and by cooling the liquid is drawn 
into the tube. After further cooling for 10-16 
minutes a rubber stopper is fitted into the top of 
the absorption cup and the whole well shaken for 
several minutes. The cup is rinsed with dis¬ 
tilled water and the washings added to the 
liquid in the absorption tube. The volume 
is made up to 60 ml. and 25 ml. are withdrawn 
and titrated with NjlOO sodium thiosulphate 
solution. The nitric oxide equivalent of the 
thiosulphate used is calculated and reported as 
mg. of nitric oxide per g. of sample. 

Temperature, Rise (T.It,) Test .—This method, 
described by Taylor (Ind. Eng. Chem. 1924, 16, 
1185), depends upon the measurement of the 
maximum increase in temperature when the 
material under test is heated at 135®C. Heavy- 
walled test-tubes 30 cm. long and 1*4 cm. in 
diameter are used as containers and the thermo¬ 
meters, which have long stems, are graduated 
from 130 to 140^C. in tenths of a degree. The 
material reaches the bath temperature in about 
30 minutes and then a slow rise in temperature 
follows, after which rapid decomposition sets in, 
the temperature rising to a maximum and then 
decreasing to an almost constant level. 

For the examination of nitrocotton, 4-5 g. of 
the well-dried sample are placed in one of the 
test-tubes and tamped round the bulb of a 
thermometer. The tube and contents are placed 
in a bath having a temperature of 135°C., and 
thermometer readings are taken at 1 -minute 
intervals until the maximum temperature is 
reached. This temperature, minus that of the 
bath, is recorded as the temperature rise (T.R.) 
of the sample. The time required for reaching 
the maximum rise which can be checked to 
0*06-0’l°C. varies from 45 to 60 minutes. 

Collodion Cotton (Soluble Nitro¬ 
cellulose). 

Collodion cotton is less highly nitrated than 
guncotton and may be regarded as a mixture in 
varying proportions of different nitrocellulosos. 
It is possible to prepare soluble nitrocotton of a 
definite nitrogen content by working under 
standardised conditions as to composition of the 
nitrating acid, temperature and time of nitration. 

For smokeless powders a nitrocellulose soluble 
in nitroglycerin or other solvents, containing as 
high a percentage of nitrogen as possible— 
12‘5-12‘7%—^is desirable. It should also be 
capable of retaining nitroglycerin so that the 
latter does not exude under varying climatic 
conditions. 

The British official limit of nitrogen in collodion 
cotton for use in blasting explosives is 12-3% 
and the usual content H • 6 - 12 - 0 %. 

Manufacture .—In the manufacture of collo¬ 
dion cotton the finer qualities of white cotton 
waste are used. The mixed acids are much 
weaker than those used in the manufacture of 
guncotton and the temperature of nitration is 
higher. Lunge found that the type of cotton 


used, provided that it had not been altered by 
drastic chemical or heat treatment, had little or 
no effect on the quality of the collodion cotton 
obtained. He also concluded that 40°C. is the 
most suitable temperature for obtaining a 
maximum yield of a product with a high degree 
of nitration and solubility. The maximum 
nitrogen content in the product is obtained when 
the ratio of sulphuric acid to nitric acid is not 
less than 2*5:1 and not more than 3:1. 

The nitrating mixture usually employed 
contains about 66 % H 2 SO 4 , 23% HNOg 
and 11 % HjO, and the nitration is generally 
carried on for about 1 J -2 hours at a temperature 
of 40°C. To obtain a completely soluble nitro¬ 
cotton it is desirable that the acid mixture should 
contain HNOg-HjO and H 2 S 04 *H 30 , but 
slightly more water is usually present. How¬ 
ever, the exact composition of the nitrating 
acid, the temperature and time of nitration vary 
considerably in various factories, and sometimes 
collodion cotton is made in the cold by the use of 
an appropriate nitrating mixture. 

The nitration is carried out in similar plant to 
that used in the manufacture of guncotton and 
the washing, pulping, etc., is effected in the 
same manner, except that in the production of 
collodion cotton for gelatinous explosives it is 
usual to soak the nitrocotton in water at about 
90°C. instead of submitting it to a boiling process. 

Properties .—Collodion cotton has generally 
similar properties to guncotton, but it should be 
completely soluble in ether-alcohol and in nitro¬ 
glycerin. The viscosity of solutions of nitro- 
cellulo.so is, however, frequently of importance, 
and tills is usually determined by means of the 
Falling Sphere Viscometer. 

Uses .—Collodion cotton, apart from being 
extensively employed in the manufacture of 
smokeless powders, is used to a large extent as an 
ingredient in gelatine dynamites. 

Nltrostarch. 

Braconnot, in 1833, first nitrated starch, the 
resulting product being termed “ xyloidine,” 
and its properties were further studied by 
Pelouze in 1838. 

Both Braconnot and Pelouze carried out the 
nitration with nitric acid alone, but Uchatius 
used a mixture of nitric and sulphuric acid. The 
last investigator did not add the starch 
directly to the mixture as it tended to aggregate 
and to retard the nitration, but first dissolved it 
in 8 parts of cooled fuming nitric acid and then 
poured the syrupy liquid into 16 parts of cone, 
sulphuric acid. The mixture was allowed to 
stand for 12 hours and the precipitated nitro- 
starch washed and then boiled with a solution of 
sodium carbonate, after which it was dried at 
60°C. 

The product was a white powder insoluble in 
water and alcohol, but soluble in ether. It waa 
very hygroscopic and readily decon^osed 
spontaneously, doubtless because of insufficient 
purification. It ignited at about 176®C. 

Later, in America, Volney (U.S.P. 366281) 
succeeded in nitrating starch directly in cold mixed 
acids by using a special stirring apparatus. 

Penta* and hexa-nitrostarches were prepared 
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by Muhlh&user (Bing. poly. J. 1892, (284), 37). 
Pentanitrostaroh, Ci2H250b(N0o) 5, containing 
12*75% of nitrogen was prepared by adding dry 
starch to 20 times its weight of a mixture of 1 
part of nitric acid (sp.gr. 1*5) and 3 parts of 
sulphuric acid (sp.gr. 1-8). The product, after 
stabilisation, was freed from the tetranitrate by 
dissolving in ether-alcohol and distilling ofiF the 
ether. The tetranitrate remained in solution, 
whereas the pentanitrate was precipitated. 
Hexanitrostarch, Ci 2 Hi 404 (N 03 )e, containing 
14*14% of nitrogen, mixed with the penta¬ 
nitrate, was prepared by dissolving dry starch in 
15 times its weight of nitric acid (sp.gr. 1*5), 
allowing the solution to stand for 24 hours and 
then pouring it into 27 times its weight of 
sulphuric acid (sp.gr. 1-84). 

Manufacture .—The A.-G. Bynamit. Nobel 
patented the use of nitrostarch in smokeless 
powders (B.P. 6129, 1891) and prepared it on a 
manufacturing scale by a process similar to 
that used by Uchatius. The well-dried starch 
was first dissolved in 10 parts of nitric acid 
(sp.gr. 1*5) in a special apparatus made of lead, 
in which the mixture was well agitated by 
means of a paddle stirrer and kept cool by the 
use of inner and outer water jackets. When aU 
the starch was dissolved the solution was intro¬ 
duced, in the form of a spray from an atomiser, 
into 5 times its weight of mixed acid, as a 
rule waste acid from nitroglycerin manufacture, 
containing 70% H2SO4, 10% HNO3 and 20% 
HgO. The nitrostarch was precipitated as a 
fine powder and retained on a filter of guncotton 
between two perforated plates. The acid was 
pressed out and the cake of nitrostarch washed 
with water until neutral. The product was then 
treated for 24 hours with a 5% solution of sodium 
carbonate and finally stabilised by soaking in a 
solution of aniline. The nitrostarch so obtained 
was a mixture of mono-, di- and tctra-nitrate 
when related to C^gHgoOiQ as representing the 
molecule of starch, and contained about 11% 
of nitrogen. A nitrostarch containing 16*5% 
of nitrogen corresponding to an octonitrate of 
the composition CjgH j 202 (N 08 )a was prepared 
by Hough in the United States (U.S.P. 751706) 
by injecting dried maize starch below the 
surface of an acid mixture consisting of 3 parts of 
strong nitric acid, 2 parts of concentrated 
sulphuric acid and sufficient oleum to give an 
excess of 2-3% of unhydrated SO3. 

During manufacture the acid mixture is weU 
stirred and allowed to cool to 10-16°C., and the 
fine dry starch is forcibly injected in such a 
manner that it is prevented from fioating on the 
surface. During the addition of the starch, 
oleum is added so as to maintain the acids at 
100% concentration. The starch requires about 
10 minutes’ contact with the acids at about 10°C. 
to ensure practically complete nitration. After 
removal of the waste acid the product is well 
washed with water and afterwards with a 
solution of sodium carbonate to remove traces of 
free acid. The nitrostarch is then pressed 
into the form of cakes. In order to stabilise the 
material the cakes are broken up and treated 
with a hot dilute solution of ammonia for 
15 minutes. 

SneUing and Wyler (U.S.P. 1835911) propose 


to stabilise nitrostarch by treating it with a 
solution contain^ 0*25% of pyridine and 
0*25% of ammonia. 

Properties .—According to Hough, nitrostarch 
prepared by his process has an apparent density 
of 1*2 and an absolute density of about 1*7. 

It is insoluble in alcohol or ether, but is 
dissolved by a mixture of these two solvents or 
by ethyl acetate. It is soluble in sulphuric 
acid only with difficulty. 

Nitrostarch is much more hygroscopic than 
nitrocellulose, and, although it is used to some 
extent in the United States, its employment in 
other countries is very limited. It is not 
authorised for manufacture in or importation 
into Great Britain (Worden, Tech. Coll. Esters, 
iii, 1838). 

IX. SMOKELESS POWDERS. 

Historical. —Up to about the year 1880 gun¬ 
powder was practically the only propellant used 
in rifles and guns, although in 18()5 Schultze 
invented a semi-smokeless powder which con¬ 
sisted of nitrated wood granulated with a 
solution of barium and potassium nitrates. 

Ordinary gunpowder, when used as a pro¬ 
pellant, suffers from the disadvantages that it 
gives a large amount of smoko on firing and if 
wetted it becomes unusable. Furthermore, its 
power as compared with the modern smokeless 
powders is relatively feeble. 

After the discovery of the powerful explosive 
guncotton, attempts were made, notably in 
Austria, to use it in rifles, and von Lenk, in 1862, 
prepared cartridges of spun and woven gun¬ 
cotton for use in ordnance. The guncotton 
was, however, too rapid and violent in its action, 
even when woven or compressed, and none of 
these early experiments was successful. 

The difficulty in adopting guncotton as a 
propellant was its porosity, for when the 
powder was ignited, the flame was forced into 
the interior of the grains, thus causing the 
whole charge to explode almost instantaneously 
instead of burning progressively, thus producing 
undue pressure in the gun. Many attempts were 
made to reduce the rate of combustion by com¬ 
pression and by mixing the guncotton with 
inert ingredients such as un-nitrated cotton, or 
by adding cooling agents such as paraffin, 
stearin or rubber to the grains, and more or 
less successful sporting powders were produced 
in this manner. 

Abel, in 1865, patented a process for granulat¬ 
ing guncotton with a solution of gum and also 
proposed to use a mixture of guncotton and 
collodion cotton treated with a solvent. Kellner, 
at about the same time, made a granular smoke¬ 
less powder from guncotton, but these powders 
did not get beyond the experimental stage. 

Volkman, who worked Schultze’s patent in a 
factory near Vienna, treated the grains with a 
mixture of ether and alcohol and practically 
made a modem smokeless powder. The manu¬ 
facture of this powder was prohibited in Austria 
in 1875 as it infringed the Government powder 
monopoly, Schultze’s powder was manu¬ 
factured, however, by an English company at 
Eyeworth in the New Forest in 1865, and, with 
modifications, is still used for sporting purposes. 
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In 1882, Reid (B.P. C19, 1882) patented a small proportion of mineral jelly. A nitro- 
proeess for the granulation of a mixture of glycerin powder of similar composition was 
soluble and insoluble nitrocelluloses and harden- adopted by Austria-Hungary in 1893. 
ing the grains with ether-alcohol ; the product, Some form of smokeless powder was rapidly 
known as “ E.C. Powder,” is too violent in its adopted by all civilised countries for small-arm 
action for military purposes, but is still largely purposes, and since that time the manufacture, 
used as a sporting powder. composition and form of the powders have been 

J.B. Sporting Powder^ afterwards introduced modified and so perfected that at the present 
by Johnson and Borland (B.P. 8951, 1885), time accurate and reliable powders are available 
was a mixture of colk)d ion cotton with potassium and are almost universally employed as pro- 
and barium nitrates treated with camphor in pellants even for the heaviest ordnanee. 
light petroleum, and dried by heating. Requirements for Military Smokeless 

On the introduction of small-bore magazine Powders. —The desirable properties of a 
rifles, some form of military smokeless powder military smokeless powder are numerous and 
became essential and cfiorts were again made in may be summarised as follows : 

1805 to retarcl and regulate the combustion of (1) It should be flameloss and smokeless ; 

nitroc(‘lluIoHe by converting it into a ])roduct (2) it should not cause erosion of the bore of 

devoid of all porosity. The sporting powders in the gun or leave any quantity of residue, 

use at the time were only superficially iiardened particularly of a corrosive nature; 

and tontained fibrous nitrocellulose which caused (.3) it should be readily and uniformly ignitible 

the powders to burn too (piickly for military and should burn in such a way that the 

pui 7 K)ses for which a nlatively slow burning jnessure is slowly developed and well 

powder capable of imparting a steady accelera- sustained while the projectile is in the 

tion to the projectile is required. bore of the gun, but no unoonsumed 

Eventually, in 1880, Vieille introduced pow’der should be jmojected from the 

” Poudre B ” ; named after (General Boulanger, it muzzle ; 

is a completely gelatinised, dense, horny })roduct (4) the products of combustion should be as 
made by treating a mixture of guncotton and free as possible from combustible gases, 

collodion cotton w ith ether-alcohol, the resulting e.g. (‘arbon monoxide, as these tend to 

paste being rolled into thin sheets, cut into small ignite at the muzzle and give a back 

squares and dried. This powder was adopted flash which may be dangerous ; further- 

by the Prcnch for use in the Lebel ride. more, muzzle flash is objectionable as 

Other countries at once began invtvstigations it may disclose the position of the gun 

on the same lines and (Jermany adopted a similar to the enemy, especially at night; 

powder in 1889. Nobel, after the invention of poisonous gases should also be absent; 

Blasting Oelatiiu*, tric'd to use nitroglycerin as (5) it should give a high muzzle velocity 
an ingredient for smokeless pow'der and without excessive pressure's and must 

eventually patented Ballisiiie (B.P. 1471, give accurate tiring results due Lo 

1888), a colloidal mixture of collodion cottori uniform internal ballistics ; 

and nitroglycerin which at first also con- ((>) it should be chemically and physically 
tained camphor. This powder was adopted stable under all normal conditions of 

by the Italian Government. About the same storage, so as neither to become 

time an English committee was investigating the dangerous nor give irregular and 

problem and gradually evolved a nitroglyc'erin- ])ossibly dangerous pressures ; 

nitrocellulose powder named Cordite which was (7) it should be insensitive to variations in 

adopted by the British Government (B.P. 5614, atmospheric temperatures and moisture 

1889 ; 11664, 1890). Cordite {q-v.) is a and not be affected by being fired from a 

mixture of guncotton and nitroglycerin with a hot gun chamber ; 


Nitrocellulose Powder.s (Military). 


Pow'tlcr. 

(’olio- 

(iioll 

cotton, 

O 

(Juu- 

(X>tt<ni, 

%. 

Stal)ills»‘r, 

%. 

Other inKredients, 

%. 

American Maxim Schupphaus 

19-5 

80-0 

Urea 0-5 


Prench Poudre B . . . . 

30-0 

67-0 

Diphenylamine 2-0 

Moisture 1-0 

German S Powder .... 

240 

72-5 

Centralite 0*5 
Diphenylamine 

0-5 

Sodium oxalate 0*7 
Moisture 1-3 

Residual solvent 0-5 

German Tubular .... 

21 0 

700 

Centralite or Akar- 
dite 6*0 

Potassium bi tart rate 

2-0 

’ Moisture 1*3 

Residual solvent 0*7 

Swdss Normal Powder . 


950 


Rosin 2*0 

Moisture 0-5 

Residual solvent 2*6 

U.S.A. Tubular .... 

95-0 

— 

Diphenylamine 1*0 

Residual solvent, etc. 4*0 
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Nitrocellulose-Nitroglycerin Powders (Military). 


Powder. 

Collo¬ 

dion 

cotton, 

/()• 

Gun¬ 

cotton, 

%. 

Nitro¬ 

glycerin, 

Stabiliser, 

/O * 

Other ingredients, 

American Maxim Schiipp- 
haus 

British Cordite Mark I . 

10-0 

80*0 

90 

l^rea 10 



_ 

37 0 

58-0 

Mineral jelly 5-0 



British (brdite M.I). . 

— 

050 

300 

Mineral jelly 5-0 



British Cordite K.B.B. . 

520 

— 

42-0 

Mineral jelly O-O 



German ('annon Powder. 

80-0 

31 0 

200 

C'Cntralite 0*3 


Dinitrotoluene 3*5 
Trinitrotoluene 14*5 
Moisture 0*7 

German Cube Powder 

00-0 

— . 

38*5 

Centralite or Ark- 

Moisture 0*5 





ardito 1-0 



(iennan Tubular 1917 

29-0 

29-0 

40-0 

(icntralite 10 


I\loisture 1-0 

Italian Filite .... 

49-0 

— 

49-0 

Aniline 0-5 
Camphor 1 *0 


.Moisture 0-5 

Italian Soleniie 

37 0 

240 

30-0 

Mineral jelly 3*0 



Sporting 

l’()WDER.S (INCLUD1N(} PoWDERS FOR ShOT Gpns). 

Powder. 

Collo¬ 

dion 

cotton, 

(iun- 

<*otton, 

.nitro¬ 

glycerin. 

Stabiliser, 

'b, • 


Other iiign'dients, 

% • 


% 

/O* 

/O* 




Axitc. 


03-1 

29-7 

Mineral jolly 5T 

PotaKsium nitrate 1-9 
Volatile matter 0*2 

Cooppal’s Powder No. 2 
(Belgian) 

20-1 

711 



Metallic nitrates 2*0 

N it rohyd rocarbons 5-5 
Moisture 1*3 

J)u Pont SmokelcHK 

95-8 

— 


— 

Metallic nitrates 2*2 

Powder 





Moisture 2*0 

E.C. Powder No. 5 

304 

440 


Mineral jelly (vO 

IMelallic uitrates 14*0 





CnJU[)lior 4*0 

Moisture 14) 


Empire Powder . 

340 

48-0 

— 

Mineral jelly 7 0 

Metallic nitrates 94) 
Moisture 2*0 

French Poudre d . . . 

28'() 

55-0 


— 

Potassiiira dicbrumate 







34) 







mmonium dichrornate 
14*0 

French Poudre S . 

28’0 

370 

— 

— 

Barium nitrate 29*0 
Potassium nitrate 6*0 

Italian 0*2 Powder 

350 

350 

240 

Mineral jelly 54) 

Sodium bicarbonate 1*0 

Kynoch’s Smokeless 

36-5 

41-5 

— 

Mineral jelly 3*0 

Nitro-com pound 5*0 

(K.S.C.) 




Metallic nitrate 12*0 
Moisture 2*0 


Moddite. 

18*9 

37-9 

38 7 

Mineral jelly 4 3 

V'olatile matter 0*2 

Neonite. 

90 

730 

— 

Mineral jelly 5-9 

Metallic nitrates 10*5 
Moistuni 1 *6 

Saxonia. 

— 

950 


— 

Trinitrotoluene 4*0 
Besidiial solvent- 1*0 

Schultze. 

400 

400 


Mineral jelly 84) 

Barium nitrate 10*0 
Moisture 1*5 

Residual solvent 0*5 

Smokeless Diamond . 

6'6 

69-0 


Mineral jelly 2-5 

Metallic nitrates 15*0 
Charcoal 5*6 

Moisture 13 


(8) it should be insensitive to shock, e,g. it 
should not ignite or explode when struck 
by a bullet from a rifle. 

It is impossible to combine all desirable pro¬ 
perties in one propellant and all powders are 
compromises according to their use. Stability 
and uniform ballistics are, however, essential. 


Composition. —The approximate composition 
of typical smokeless powders is given in the 
tables above and on p. 518. Smokeless and 
semi-smokeless powders as used for military 
purposes may be broadly divided into two classes, 
namely powder consisting chiefly of guncotton or 
collodion cotton or a mixture of these two explo- 
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sives, and propellants in which the main con¬ 
stituents are nitrocellulose and nitroglycerin. 
Both these types of powder may contain 
secondary ingredients which act as stabilisers, 
flash reducers, restrainers, etc. 

Although originally nearly all the nitrocellulose 
usad as an ingredient in smokeless powders was 
f lapared from cotton, there is now an increasing 
tendency to use cellulose obtained from wood as 
the raw material for the manufacture of tliis 
essential component. 

Secondaky Ingredients. —Besides the main 
ingredients, namely nitrocellulose and nitro¬ 
glycerin, smokeless powders usually contain 
small quantities of other substances added for 
some special purpose. These secondary 
ingredients may be added as stabilisers so as to 
increase the “ life ” of the powders, as moderants 
or restrainers to regulate the rate of burning, or 
as cooling agents or flash reducers. 

Stabilisers. —Propellants containing nitro¬ 
cellulose, either alone or associated with nitro¬ 
glycerin, are inherently subject to gradual 
decomposition under ordinary conditions of 
storage, this tendency to deteriorate being 
accelerated by increased temperature and the 
presence of moisture. During the decomposition 
oxides of nitrogen are evolved which, combining 
with the oxygen of the air and moisture, produce 
nitric acid. This free acid reacts with the mass 
of the powder causing further evolution of oxides 
of nitrogen, with the result that decomposition 
progresses at an accelerated rate and may in 
time lead to the ignition of the powder. In 
order to neutralise this acidity and thus i)rolong 
the life of the powder, the addition of some form 
of stabiliser is necessary. In the early days of 
smokeless powders a small amount of alkali was 
added as a stabihsor, but these agents, even in 


so mild a form as calcium carbonate, were soon 
shown to be unsuitable since they were liable, 
under certain conditions, to cause hydrolysis of 
the nitro compounds in the powder. In more 
recent times many substances, such as car¬ 
bamide, nitroguanidine, petroleum jelly, amyl 
alcohol, derivatives of urea, etc., have been 
proposed as stabilisers, but the two most widely 
used compounds at present are diphenylamine 
and the centralites. 

ViphenylamiTie .—This compound is exten¬ 
sively employed as a stabiliser, especially for 
nitrocellulose powders. Its use in propellants 
containing nitroglycerin is open to the objection 
that it reacts with this ingredient with the forma¬ 
tion of tarry oxidation products. Owing to its 
basic nature it should not bo used in large 
proportions even in nitrocellulose powders, 10% 
having been found to actually reduce the 
stabihty of a powder. Marqueyrol (Mem. 
Poudres, 1928, 23, 168) has shown that 

diphcnylamino attacks nitrocellulose appreciably 
at 75°C., and even at 4()°C. there is some slight 
action. The action at the higher temperature 
is at flrst somewhat rapid, but decreases later 
and finally almost ceases. The reaction with 
nitrocellulose at temperatures of 75°C. and abpve 
I results chiefly in the formation of diphenyl- 
nitrosamine, together with highly coloured 
secondary products. 

Demougin and Landon {ibid. 1934-6, 26, 
273) have investigated the effect of different 
proportions of diphenylamine in nitrocellulose 
pow ders when the latter are heated for a number 
of hours at 110°C. Four samples of powder, 
A, B, C and D, containing 1-02, 2-2, 3’76 and 
7*8% of diphenylamine respectively, were 
heated for 160 hours, when the following results 
were obtained: 


Time of 
heating. 

Method of determining 
nitrogen content. 

Nitrogen content of the powders 
(in ml. of NO per g.). 

A . 

B. 

0. 

D. 

Nil. 

Devarda 

206 

206 

205 

203 


Nitrometer 

206 

206 

204 

201 

160 hours 

Devarda 

193 

195 

189 

174 


Nitrometer 

190 

192 

178 

162 

— . 

_ _ 






The i)ercentago reduction of nitrogen in the 
powders A, B, C and D is 6-3, 6-3, 7-8 and 14 2% 
respectively. After heating for 180 hours at 
110°C., the amount of diphenylamine present in 
sample D had been reduced to 1%. 

Davis and Ashdown (Ind. Eng. Chem. 1915, 7, 
674), discussing the transformation of diphenyl¬ 
amine in smokeless powders during storage, 
state that it is first converted into diphenyl- 
nitrosamine. Further decomposition of the 
powder appears to lead successively to the 
production of nitrodiphenylnitrosamine, dini- 
trodiphenylamine and finally trinitrodiphenyl- 
amine. When dinitrodiphenylamines are 
present the powder is usually nearing the end of 
its stable life and will contain a certain amount of 
low-nitrogen, alcohol-soluble degradation pro¬ 


ducts of nitrocellulose. Trinitrodiphenylamine 
may be found in powders actively evolving 
oxides of nitrogen, and when this condition is 
reached the powder is ballistically worthless, or 
soon will become so. 

By ascertaining which of the nitro-derivatives 
of diphenylamine are present it is possible to 
obtain much information with regard to the past 
history of the powder and also its possible 
behaviour during storage. According to Buisson 
(“ Le Probl^me des Poudres,” Paris, 1913, 
p. 126), the various nitro-derivatives may 
be identified as follows ; 10 g. of the finely 
divided powder are digested for 24 hours with 
100 g. of alcohol, after which the extract is 
filtered. To test for diphenylnitrosamine, 6 ml. 
of the solution are boiled with 1 ml. of 5% 
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solution of a-naphthylamine. If the nitrosamine 
is present a fine red colour is produced and the 
amount can be estimated approximately by 
comparing the colour with that given by known 
quantities of the nitrosamine. When, however, 
an accurate determination of the quantity 
present is required it is necessary to extract the 
powder more thoroughly with successive quan¬ 
tities of alcohol. The dinitrodiphenylamines 
are detected by adding a few drops of alcoholic 
potash to 5 ml. of the alcoholic extract, when a 
red coloration is obtained if the dinitro body 
is present. Since, however, trinitrodiphenyl- 
amine also gives a similar colour it is necessary to 
apply a further test, which consists in adding 
a few drops of a saturated alcoholic solution of 
potassium cyanide to 5 ml. of the powder 
extract, when, if trinitrodiphenylamine is 
present, a red coloration will be produced. The 
diphenylamine used as a stabiliser should be of a 
high degree of purity and practically free from 
primary amines, since, although these latter 
bodies have a stabilising action, they are liable 
to attack somewhat strongly the nitrocellulose 
constituent of the powders. 

Centralites .—The use of the dialkyldiphenyl- 
ureas known as Centralites as stabilisers has 
increased rapidly during the last few years. The 
derivative usually employed is sym-diethyl- 
diphenylurea {Centralitc 1), which not only acts 
as a stabiliser but possesses strong gelatinising 
properties with regard to nitrocottons. 

Centralite i is a neutral body and is particularly 
suitable for use in propellants containing nitro¬ 
glycerin. Its stabilising action is explained 
by the theory that as soon as the powder of 
which it is an ingredient becomes acid, the 
centralite is hydrolysed to ethylaniHne, which 
reacts with any nitrous acid present to form 
phenylethylnitrosamino. Any nitric acid 
formed during the decomposition of the powder 
is absorbed, at least partly, by the stabiliser, with 
the formation of a mononitro derivative. 

By estimating the amount of nitrosamine 
present an approximation of the extent to which 
a powder has “ aged ” can be obtained. For this 
determination 2 g. of the finely divided powder 
are digested for 24 hours at room temperature 
with 100 ml. of alcohol. 2 ml. of the solution 
are placed in a test tube, 5 ml. of alcohol 
added, followed by 1 ml. of a 1% solution of 
a-naphthylamine and 5 drops of hydrochloric 
acid. The closed tube is then placed in a water 
bath, heated to 60°C. and after 10 minutes the 
colour obtained is compared with a standard. 

The transformation products of centralite in 
S.B. powders have been investigated by 
IAoorch6 and Jovinet (M6m. Poudres, 1928, 23, 
147), who divided them into two groups, namely 
those compounds which could be distilled in 
steam and those which were not volatile under 
these conditions. The latter were found to 
consist practically entirely of mononitro- 
oentralite, whereas the former contained p- 
nitrophenylethylnitrosamine. 

Giua and Guastella (Atti. R. Accad. Sci. 
Torino, 1925, 60, 73) state that fuming nitric 
acid reacts with syw-diethyldiphenylurea to 
form diethyl-2:4:2';4'-tetranitrodiphenylurea. 
Nitrous acid has no action on an acetic acid 


solution of centralite, but the addition of a 
nitrite to a solution of the material in con¬ 
centrated sulphuric acid produced a deep red 
colour. An ethereal solution of centralite when 
treated with nitrous vapours gave a green 
coloured solution which on evaporation yielded a 
viscous residue. 

The action of nitrous vapours, nitric acid and 
a mixture of nitric and sulphuric acids on 
Centralite 1 has also been studied by Apard 
(M6m. Poudres, 1926, 22, 180). He found that 
on passing a current of nitrous vapours, prepared 
by the action of nitric acid on copper, over 
centrahto, the latter increased very appreciably 
in weight, and on examination of the resulting 
products a nitro body was isolated which was 
apparently a dinitro-derivative of diethyl- 
diphenylurea. Nitric acid also formed a sym¬ 
metrical dinitro-derivative, whereas if a mixture 
of nitric and sulphuric acids was used it was 
possible to prepare both dinitro- and tetra- 
nitro-derivatives. If Centralite 2 (dimethyl- 
diphenylurea) were nitrated with a mixture of 
nitric and sulphuric acids it was possible to 
obtain a hexanitro-dorivative, but a similar 
compound could not be prepared from Centralite 
1. These nitro-derivatives can be distinguished 
by the colours obtained on treating their acetone 
solution with a 1% solution of potassium 
hydroxide. 

Amyl Alcohol .—This material was at one time 
used in Franco to some extent as a stabiliser, 
2% being used in the powders for small calibres 
and 8% being added to the large naval pro¬ 
pellants, about half of the alcohol remaining in 
the finished powders. The deterioration of 
powders stabilised with amyl alcohol gives rise 
at first to the production of amyl nitrite and 
nitrate. As decomposition proceeds, amyl 
valerianate and valerianic acid are formed. 
The production of these latter compounds 
indicates that the powder is nearing the end of its 
“ life.” Amyl alcohol is much inferior to 
diphenylamine as a stabiliser and has now been 
almost entirely superseded by the latter. 

Flash Reducing Agents. —Most smokeless 
powders have a high temperature of explosion, 
which not only causes erosion of the bore of the 
gun but also gives a strong, readily visible 
flame. This property is objectionable from the 
military point of view as it discloses the position 
of the guns to the enemy, especially at night. 
The flash, which does not appear actually at the 
muzzle of the gun but at some little ^stance 
from it, is caused by the inflammable gases, 
produced by the combustion of the powder, 
igniting when they come into contact with the 
air. 

According to Deband (M6m. Artill. Fran^. 
1936, 14, 117), of the three factors determining 
the static conation of the atmosphere—^relative 
humidity, temperature and pressure—only the 
first has an appreciable effect on muzzle flash. 
The flash is less for relative humidities below 
76% and above 91% than between these limits, 
at least so far as the guns which were used were 
concerned. 

The length of the barrel of the gun is also a 
foctor in determining the occurrence of a flash, 
as a long barrel allows greater radiation of 
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heat from the gaRcs l)efore they reach the muzzle 
and therefore the flash -HUppresRing ingredient 
in powders for such guns can be reduced. 

This muzzle flash can be reduced or practically 
eliminated by so adjusting the composition of 
the powder that the temperature of the gases 
on coming into contact with the air is below 
their ignition-point, or by the addition of various 
substances known as Jlafih reducers, such as 
potassium chloride, potassium nitrate, certain 
esters of high boiling-i)oint, et(;. 

Jfautriche (Compt. rend. J908, 146, 535) 
inv(;8tigated the effect of various substances on 
the heat dcveloiicd by gunciotton when fired in a 
closed vessel. Using guncotton alone he 
obtained a valiu' of IS4 g.-cal., butif 1% of sodium 
bicarbonate were- addtal only 88 g.-cal. were 
evolved ; 2% of potassium nitrate also reduced 
the heat produced to 88 g.-cal., but 2% of calcium 
carbonate caused a niduction of only 32 g.-cal. 

A very large number of substances have been 
proposed as flash reducers, and according to 
DemoiJgin (Mfun. l^oudres, 1932-3, 25, 130), 
they may be elassificd as follows : 

(J) Effective .—Potassium chloride, potassium 
bitartrate, potassium binoxalate, cellulose, 

(2) Moderately efficient .—Tin (in powder), 
nitroguanidine, dinitroxylene, ammonium 
oxalate, centralitc, camphor, sodium bicarbonate 
and sodium chloride. 

(3) Of littk efficiency or useless .—Ammonium 
perchlorate, calcium tartrate, calcium sulphatts 
barium chloride, charcoal, ammonium chloride 
and naj)hthalen(i. 

Demougin also discusses (ho mode of action of 
the various types of flash reducers and chissific's 
them us follows ; 

1. Uertaiii substances give on decomposition, 
during the burning of the ]Jowder, a large 
volume of gas which absorbs a ])art of the energy 
of the propellant and thus diminishes the tem¬ 
perature of the gases which it itself evolves. 
This lowering of the temperature effects a 
diminution or even the suppression of the flash, 
the combustible gases being no longer hot 
enough to inflame spontaneously on coming into 
contact with the atmosphere. Among these 
substances are organic bodies such jrs petroleum 
jelly, cellulose, oxalic and tartaric acitis. These 
materials, by lowering the temperature of the 
gases formed by the explosion of the powder, also 
tend to reduce the erosive effect. Furthermore, 
they have the advantage of producing very little 
smoke and those such as petroleum jelly and 
cellulose can be directly incorporated in the 
powder itself, thus eliminating the necessity of 
making special charges. They have the <lis- 
advantagts however, of re<lu(dng the ])ower of 
the propellant to an appreciable extent. To 
overcome this drawback, it has been proposed to 
use low-nitrated organic substances or those 
having a low temperature of explosion; for 
example, mononitronaphthalene, dinitroxylene 
and nitroguanidine. It is, however, necessary 
to use a very high proportion of these com¬ 
pounds—20-30%—in order to obtain an anti- 
thermal effect of the same order as that pro¬ 
duced by 5-10% of the un-nitrated materials. 

2. A second class of anti-flash materials 
appears to act by producing a fine dust which 


restrains the ignition of the gases, possibly by 
some form of anti-catalytic action. To this 
type of substances belong such materials 
as potassium chloride and sulphate, sodium 
chloride and tin. The alkali metal salts are 
much more effective in suppressing flash than 
those of the other metals, and the potassium 
salts appear to be more suitable than those 
of sodium, possibly because they have not such a 
powerful colouring effect on any residual flash 
which may be produced. 

3. The anti-flash substances which contain an 
excess of oxygen probably act by eflecting a 
more or less complete oxidation of the gases 
j)roduced by the propellant, so that on leaving 
the gun they are no longer inflammable owing to 
the presence of a high proportion of inert gases. 
Ammonium nitrate belongs to this type of 
material and it can be employed in (jonsidorable 
(juantities without affecting the ballistics of the 
jiropellant to any appreciable extent. It has, 
however, the disadvantage of rendering the 
powder hygroscopic. 

4. A furtlier class of anti-flash compounds 
acts in two directions, first by evolving a 
considerable volume of gas and secondly 
producing alkali salt, as, for example, in the 
case of the oxalates and tartrates of potassium. 

5. It has also been proposed to use anti- 
detonator material as flash preventers, this 
proposal being based on the hypothesis that 
substances of this ty])e give rise to a (;loud of 
extremely fine particles which are able to 
restrain cf)mbustion. Among such substances 
is tin tetraethyl, of which 0-5% was found to 
|)artially reduce the flash of the Frendi powder 

n.v.w 

J.)emougin concludes that in cases where 
extinction of the flash is relatively easy, i.e. 
small arms and guns of small (‘alibre, cellulose 
flour gives the best results, but for guns of large 
calibre, compounds such as potassium bitartrate 
or yjotassium chloride are preferable. 

Tavneau and Le Paire (M6m. Poudres, 1934-5, 
26, 80) have shown that the addition of up to 
10% of potassium chloride as an anti-flash 
ingredient has practically no effect on the 
composition of the gases produced on explosion 
of various propellants. 

Anti-flash material such as potassium chloride, 
sodium chloride, etc., may be effectively 
employed if packed in bags and inserted between 
the charge and the projectile. Woodbridge, 
however, proposes (U.S.P. 2050871) to enclose 
the silk bag containing the propellant in an 
outer silk wrapper which has been impregnated 
with a flash-suppressing salt such as potassium 
sulphate or rolling up such impregnated cloth 
and using it as the core of the powder charge. 

As temperature-reducing agents to minimise 
the flash given by propellants, Snelling (U.S.P. 
1808613) proposes the addition of such com¬ 
pounds as guanidine nitrate, urea nitrate and 
ammonium nitrate. The base of the powder 
consists of nitrostarch instead of nitrocellulose, 
and a liquid trinitrotoluene is used as the colloid- 
ing agent. A typical example of this type of 
powder is prepared by adding 37 parts of guani¬ 
dine nitrate in the form of fine crystals to 
50 parts of nitrated starch and after mixing 



EXPLOSIVES. 


adding 37 parts of commercial liquid trinitro¬ 
toluene to form the colloid. 

The Du Pont Powder Company has patented 
(B.P. 356256) the use of polynitrotoluenes and 
esters of certain organic acids in conjunction 
with nitrocellulose for the manufacture of 
powders having reduced hygroscopicity and 
flash-producing properties. For the manu¬ 
facture of this type of powder, the nitrocellulose, 
preferably of a relatively high nitrogen content, 
is dehydrated with denatured alcohol and then 
eolloided in a mixer by the addition of ether. 
Dinitrotoluene and dibutyl phthalate, either 
directly or in solution, are also added, as well as a 
small amount of diphenyJamiiie to a(^t as a 
stabiliser. Owing to the solvent actioji of the 
two former ingredients, less alcohol and ether 
is required for gelatinisation than is usually 
employed for nitrocellulose powders which do not 
contain these materials. 'fhe colloid so pro¬ 
duced, after j)ressing into tubular grains or f)ther 
desired form, is su brn itted, before the final drying, 
to thorough solvent lecovery treatment, which 
may be in air or hot water at a temperature not 
exceeding 60X\, although a somewhat higher 
temperature may bo employed without injury to 
the chemical stability of tlie pow(ler. A 
powder consisting of 85% nitrocellulose (con¬ 
taining 13*15% nitrogen), 10% dinitrotoluene 
and 5% dibutyl plithalate prepared in the above 
manner w'as found to contain 0*68% of moisture 
after exposure until equilibrium was obtained in 
an atmosphere of 7(1% relative humidity, 
W'hereas undcT similar conditions a 100% nitro¬ 
cellulose j)Owder contained 1*25% of moisture. 

When as much as 5 parts of dibutyl ])hthalate 
are used, no muzzle flash is })roduced in many 
of the smaller guns such as the 75-mm. French 
field gun. Jn larg(' ordnance, fiashless results 
may be obtairu'd by increasing the amount of the 
ester, but the use of too great a quantity of this 
ingredient gives rise to an (excessive amount of 
black smoke owing to the incomjjlete combustion 
of the powaler. 

The Du Pont Company has also proposed 
(B.P. 366786) the use of potassium sulphate in 
conjunction wdth dibutyl phthalate as a flash 
suppressor, it being stated that potassium 
sulphate is without harmful effect on the 
chemical stability of nitrocellulose powders 
containing diphenylamine. A powder containing 
85 parts of nitrocellulose (containing about 
13*2% N), 10 parts of dinitrotoluene, 5 parts of 
dibutyl phthalate, 1 part of diphenylamine and 
1 part of potassium sulphate is claimed to give 
consistently flashless results in the United States 
3-in. A.A. and the French 155-mm. guns. 
Furthermore, the powder is stated to bo of a 
high degree of stability and to produce a 
minimum amount of smoke. 

Although potassium sulphate is very soluble 
in water it is claimed that a powder of the above 
composition can be steeped in hot water at 
55-60°, in order to remove excess of solvent, 
with very little loss of the sulphate. 

Hale and Cameron (U.S.P. 2026531) propose 
the use of triacetin incorporated in the powder 
as a flash suppressor. They claim that a powder 
containing nitrocellulose 80%, trinitrotoluene 
10-15% and triacetin 5-10% gives practically 
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no flash and only a thin fugitive smoke. 
Furthermore, the powder is non-hygroscopic. 

Colloiding or Gelatinising Agents. —In 
practically all smokeless powders the nitro¬ 
cellulose is present in a colloida l state, and during 
their manufacture it is necessary to employ 
materials which will gelatini.se this ingredient. 
The substances em{)loyed may be divided 
broadly into two grouf)s, namely the volatile 
solvents sucb as ether, acetone, and the 

non-volatile materials such as centralite, 
jfijenylurethanes, etc. It is nccessars^ to use 
very considerable quantities (d‘ tin* former for 
g(*latinising purposes and tin* bulk has to bo 
removed by drying before tlie powder can be 
used, whereas the latter are employed in 
relatively small (jiiaiitities and remain wholly 
as a constituent of tht* finished projx'llant. 

Volnlilp /SWeea/.s'.-—Tin* volatih* solvruits used 
ar<* usually aeetonr*, (‘thyl acetatt* or* amyl 
acetate, ehielly tla* lirst named for guneotton 
powders and a mixture of ether and alcohol for 
collodion cotton powders. Powders gelatinised 
wdth ether-alcohol are liable to blister and 
become distorted during drying owing to the 
rapid evaporation of the ether, and when amyl 
acetate is used there is difiiculty in eliminating 
this solvent owung to its high boiling-point. 
The correct pro]>ortion of sol vault has to be 
carefully wwked out for individual powalers ; 
too much inerease.s the difiiculty in drying and 
increases the liability to distortion and cracking, 
whereas too little delays the incorporation and 
renders it imjH'rlect. The gelatinisation of 
nitroeellulo.se b}' tlu* action of volatile solvents is 
influenced by th(‘ timr* of contact with it and 
by the temperature. A(‘(*ording to Tibbitts 
(Army Ordnance, 1920, 9, 271), th<* standard 
practices of powder Tminufa(*ture do not allow 
sufticieiit tim(i for tluj solviuit to dilfuse evenly 
and completely through the rntrocelliilose, with 
the result that the strui'ture is not homogeneous. 
A noticeable improvement in uniformity of struc¬ 
ture has been effected by allowing the nitro- 
cellidose in the form of a compressed block to 
remain for a period with the appropriate 
quantity of solvents in a closed container. The 
colloiding action is facilitated by increasing the 
temperaluro during this treatment. »Steoping in 
this manner has the further pra(;tical advantage 
of allowing a reduction in the amount of 
solvents used and will produce a block of 
material sufficiently plastic to be e.xtruded 
through the dies. 

Non-volatile. Solvents .—The chief non¬ 
volatile gelatinisers at prt^sent einplf)yed are the 
centralites and the ur^'tbancs. The use of 
phenyl benzoate for colloiding soluble nitro¬ 
cellulose has been patented by the Du Pont 
Company (U.S.P. 1161063). 

Davis (Ind. Eng. Chom. 1922, 14, 1140) 
has investigated the efficiency of a large number 
of compounds with respect to their power of 
colloiding nitrocellulose. In his experiments he 
used a nitrocellulose containing 12*6% of nitro¬ 
gen and completely soluble in ether. Half-gram 
samples of the finely pulped nitrocellulose were 
weighed into 30 ml. beakers and to each 
sample a known weight of the colloiding agent 
previously dissolved in an appropriate amount of 
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solvent (16-*30 ml.) was added. The mixture what hazardous operation and, furthermore, on 
was heated to 60® and maintained at this tern- cooling a certain amount of centralite separates 
perature until the solvent had evaporated, out in a crystalline form. 

After the solvent had been driven off, the When the centralite is added in powder form 
residue was examined in order to ascertain the to the nitrocellulose and nitroglycerin it is 
extent of the gelatinisation. The amounts of difficult to ensure uniform distribution and 
the colloiding agent necessary to gelatinise irregularities in gelatinisation may occur which 
100 parts of nitrocellulose were as follows: carmot be rectified at the later stages of manu- 

Parts in Parts in fa^ure. 

alcohol, benzene. Ihese investigators, thereiore, propose to use a 
sym'Limethylurea ... 60 70 mixture of pheny lure thane and centralite 

sym-Liethylurea .... 50 50 which is liquid at ordinary temperatures and 

s^-Dimethyldiphenylurea 70 I’O which is also miscible with nitroglycerin without 
syw-Liethyldiphenylurea. . 70 30 the aid of extraneous heat. It had been found 

Methyl phthalate .... 95 70 that when from 50 to 58-8 parts of melted 


100 parts of methylurea, tt6'-diethylurea, 
benzylurea and 5ym-diphenylurea were found 
to have no gelatinising action under the 
conditions of the test. 

Davis concludes that the amount of colloiding 
agent necessary for the complete gelatinisation 
oi soluble nitrocellulose is greater if the substance 
is applied in alcoholic solution than in solution in 
benzene. 

Of the alkylated ureas those in which there is 
only one alkyl or in which two alkyl groups are 
asymmetrically disposed in the molecule appear 
to be without gelatinising action on soluble 
nitrocellulose, whereas the alkylated ureas in 
which the two alkyl groups are symmetrically 
substituted are excellent solvents ; the higher 
the weight ol the alkyl groups the greater 
appears to be the gelatinising power. 

Stickland (B.P. 324044) described the manu> 
facture of a smokeless powder in which a 
non-volatile solvent and the so-called insoluble 
nitrocellulose are employed as ingredients. 
The process consists in suspending 50 parts of 
guncotton, having a nitrogen content of 13-2%, 
in water and adding in a fine stream a 
mixture ol 9 parts of phenylbenzoylurethane 
and 41 parts of nitroglycerin, the whole being 
then thoroughly mixed by agitation with a 
current of air for 1 hour. The excess of water 
is run off and the mass pressed to remove the 
residual water as far as possible. The mixture is 
allowed to mature for 3 or 4 days and is then 
passed through heated rolls which press out 
more moisture and form a sheet or cake. This 
cake, containing about 7% of water, after drying 
in a stove is coUoided by passing repeatedly | 
through hot rolls to form a thoroughly gelatinised ^ 
sheet. Discs are cut from this sheet, placed in a 
jacketed cylinder maintained at 75~80®C., and 
the material pressed to form cords at a pressure 
of about 5,000 Ib./sq. in. By using a similar 
process, guncotton having a nitrogen content of 
13-45% can be coUoided by means of diethyl- 
diphenylurea (Centralite 1). 

Stickland and Whitworth in a further patent 
(B.P. 347274) point out that, in practice, 
centralite suffers from the drawback that on 
account of its low solubility in nitroglycerin at 
ordinary temperatures it is impossible to dissolve 
a sufficient amount in the latter ingredient to 
give ^ the powder of the composition usually 
required. It is true that the solubiUty increases 
with rise of temperature, but the heating of a 
considerable quantity of nitroglycerin is a some- 


centralite were mixed with from 50 to 41-2 
parts of molten phenylurethane the mixtures 
remained in the liquid condition at 15°C. 

The foUowing details with regard to the manu¬ 
facture of a powder of this type are given : 
Equal parts of phenylurethane and centralite 
are melted together and allowed to cool to room 
temperature. 9 parts of this liquid are added to 
41 parts of nitroglycerin and the liquids 
thoroughly mixed. This mixture is then added 
to 60 parts of nitrocellulose suspended in water 
and the whole thoroughly agitated by means of a 
current of air, or preferably by a spray. The 
mass is then separated from the water, pressed, 
the wet lumps broken down by hand and passed 
through a coarse sieve. The material is then 
passed through stcam-bcated rolls and after 
drying in a stove it is gelatinised by passing 
through heated rollers. 

Eor propcUants in which nitroglycerin is 
largely, or wholly, substituted by nitrohydro- 
carbons and prepared with non-volatile solvents 
such as centralite, Parodi-Delfino and Benelli 
(B.P. 265029) recommend that a eutectic mixture 
of the solvent and the nitrohydrocarbons should 
be employed in order to avoid separation of the 
constituents during prolonged storage of the 
powder. 

Manufactube. —Only a general outline of the 
manufacturing processes is given here ; the 
details vary, and some are given under individual 
powder.s. 

Nitrocellulose Powders. 

Nitrocellulose powders are at the present time 
made entirely or largely of soluble nitrocotton, 
otherwise acetone has to be used for complete 
gelatinisation and the finished grains are then 
harder and more brittle, particularly if the 
elimination of the solvent is carried too far. 
Such powders tend to break up on storage or in 
the gun, giving rise to irregular ballistics and 
in some cases dangerous pressures. Nitro¬ 
cellulose powders containing much insoluble 
nitrocotton are sometimes used, as in France, 
but they are incompletely coUoided by the ether- 
alcohol used as solvent, are more porous and 
liable to gain or lose moisture according to the 
conditions of storage, with consequent irregular 
firing results. This type of propellant is more 
bulky than the nitroglycerin powder and has a 
relatively rapid rate of decomposition on storage^ 
but this can be counteract^ to some extent 
by the use of a stabiliser. Their great advan- 
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tage, particularly for small arms and quick- 
firing guns, is that they are relatively cool 
burning and give rise to considerably less erosion 
than the nitroglycerin powders. 

The Drying of the Nitroootton. —In this 
country some 30% of water is left in the nitro¬ 
cellulose in its finished condition as a safety 
measure. The nitroceUulose, cither loose or, for 
convenience in handling and to prevent dust, 
lightly compressed into cylinders or slabs, is 
dried by exposure on tiers of copper or brass 
gauze trays in well constructed and weU isolated 
wooden huts or “ stoves ” by means of a 
current of dry air forced through a series of holes 
at the top of the stove and leaving through 
openings near the floor (the moisture-laden air 
falls as the temperature is lowered by the 
evaporation of the water), the temperature of the 
stove being kept at about 40°. This process may 
extend to several days according to the degree of 
compression of the nitrocellulose, and is one 
of the most dangerous operations in the manu¬ 
facture of smokeless powder, especially when the 
last portions of the moisture are being driven off. 
Any dry dust is very susceptible to ignition by 
friction or shock and the dry guncotton is 
readily electrified even by a current of dry air. 
Special precautions have to be taken, therefore, 
to connect the drying trays to earth, the 
necessity for which was first pointed out by 
Keid. The nitrocotton must bo cooled down 
before unloading the stove, as it is more suscep¬ 
tible to ignition by friction or percussion whilst 
hot, and the stoves arc specially constructed to 
avoid the accumulation of dust. The nitro¬ 
cellulose is sometimes dried by removing part 
or the whole of the water by treating it with 
alcohol. This process was used in 1891 in 
Austria and was patented in England by 
Dumford in 1892. To render the nitrocellulose 
anhydrous it is first soaked in alcohol which has 
been previously used, squeezed and pressed and 
then treated similarly with fresh alcohol. 
When ether-alcohol is to be used as the gelatinis¬ 
ing agent of the nitrocellulose, displacement by 
alcohol is now the usual method of eliminating 
the water, and this method is in general use in 
the United States and on the Continent. 

The nitrocotton is packed into the cylinder 
of a hydrauhe press and alcohol forced through 
it. Water is at first forced out, then a weak 
alcohol, which is collected and rectified by 
distillation, and finally only slightly weakened 
alcohol, which is again used for the preUminary 
displacement of water from another cylinder of 
wet nitrocotton. The nitrocotton is then sub¬ 
mitted to a higher pressure so as to leave only 
sufficient alcohol in the mass for its gelatinisation 
on admixture with ether. Dehydration by 
alcohol is carried out in some factories by spray¬ 
ing the alcohol over the nitrocotton packed to 
form a layer over the basket of the centrifuge. 
A further advantage of this process is that 
unstable impurities are eliminated by this 
washing with alcohol. Berl and Delpy (Z. ges. 
Schiess- u. Sprengstoffw. 1913, 8 , 129) have 
examined the impurities extracted by the 
alcohol in the dehydration of nitrocotton, and, 
besides a small amount of inorganic impurities 
deriypd from the wash waters, find them to 


consist of a sticky brown mass of partially 
nitrated organic matter of poor stability and low 
ignition-point. 

Mixing and Inoorpobating.—- The nitro¬ 
cellulose should be in as fine a condition as 
possible. The first wetting with the solvent is a 
difficult matter and is sometimes effected in 
vacuo. The absence of all dust when once the 
solvent is added makes the manufacture of 
smokeless powders much safer than that of gun¬ 
powder. Even if ignition occurs the combustion, 
though fierce, never leads to explosion and is 
usually only local in its effects. The introduc¬ 
tion of alcoholising the wet nitrocotton in the 
manufacture of nitrocellulose pow^ders renders 
their manufacture a safe one from the beginning 
except for fire risk. The incorporation is usually 
carried out in kneading machines, but sometimes 
by rolling. The kneading machine almost 
exclusively used is that of the Baker-Perkins 
type. It consists of an iron trough, the upper 
part of which is rectangular. The bottom is in 
the form of two parallel half cylinders in which 
two heavy screw-shaped paddle blades revolve 
in opposite directions, one at about twice the 
rate of the other. The clearance between 
the blades and bottom is small and the mixture 
is thoroughly kneaded and mixed between 
them and the trough. Some of tiie solvent 
is first introduced, then the nitrocellulose and 
any other ingredients and finally the remainder 
of the solvent. The incorporation takes some 
hours for completion and at the end the trough 
is tilted and the direction otTotation of the blades 
reversed, the finished dough being thrown out 
and caught in a suitable box with a lid and 
transfenx'd to the rolling or pressing house. 
The mass becomes considerably heated during 
the kneading, and to prevent loss of solvent 
the machine is covered and the bottom is 
surrounded by a cold water jacket. It is 
necessary to connect the mixing machines to 
earth as in the case of the drying trays. 

When the material is to be worked into sheets 
the rolling may be carried out in two opera¬ 
tions; the first effects incorporation of the 
materials and the second, between more closely 
set rollers, reduces the sheets to the requisite 
thickness. The sheets are then dried to drive 
off the greater part of the solvent and again 
rolled to eliminate any blisters formed during 
the drying. Thick sheets are produced by fold¬ 
ing the thin sheets over and over, and passing 
them backwards and forwards between the 
rolls, by which means a homogeneous thick sheet 
is obtained. In the manufacture of strip and 
flake powders it is now the common practice to 
incorporate as usual, and press the dough 
through a suitable die to give a ribbon of the 
required thickness and width, which is sub¬ 
sequently cut into suitable lengths for drying. 

Cutting and Pressing. —The partially dried 
sheets are usually cut into small square plates. 
The machines general ly used are provided with 
two sets of revolving circular cutting knives 
slightly overlapping, which cut the sheet into 
strips. The strips are then fed over a fixed 
cutting edge and chopped into plates or cubes by 
a set of rotating kifives. Round flakes and 
discs are cut from cords. After cutting, the 
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grains are further dried. For the preparation of 
spherical grains the pasty mixtiire is cut into 
small fragments, frequently cylinders cut from 
cords, dried superficially and then rolled on a 
rapidly oscillated surface. Cord and tube 
powders are usually })reHsed through dies as in 
the manufacture of cordite, the material being 
sometinu's subjecded tf) a preliminary rolling to 
exclude air bubble's. For producing the tubular 
arui multiperforated powders one or more pins 
are arranged so as to project into the holes in the 
dies. When long perforated tubes are to be 
manufactured, the pins of the dies are tubular 
so as to admit air into the powder perforations, 
otherwise there is a tendency for the tubes of 
powder to collapse. 

Dryino. —The powders are dried slowly in 
stoves at a temperature of about 40". The time 
of drying depends on the size and sha})e of the 
grains, but usually lasts several days. In 
modern factories tlui drying stov(‘s ar(i air¬ 
tight and the current of hot air is drawn by 
means of fans through spe(dal apparatus for 
reciovx^ring tlu^ solvent. In some cases the sol¬ 
vent is larg('ly eliminated by boiling tlu^ shapeMl 
pow'tler in w'at('r. 7’he Du Pont (•ompany 
(F.P. 47734,3) suggest drying sniokcdess powders 
by heating tlu^ grains in oil at 100"C., the 
liberated solvent being condensed and recovered 
and the oil siibsf'cpicntly removed from the 
surface of the grains by washing w’ith acetone. 

One of the drawbacks of pure nitrocellulose 
powders is the ditficulty of eliminating the 
solvent in a reasonable time, especially from the 
larger sizes, without causing the developmcint of 
era(?ks on the surface of the grains. Sometimes a 
rather large projjortion of the solvent is left in 
the powder, but then on storage the solvent 
evaporates and cracks may form and so render it 
impossible to attain the consistency of ballistics 
necessary in a military powder. 

The flake small-arm powaders are usually 
graphited so that the grains may run freely 
through the cartridge loading magazines. 

Blending. —To ensure uniformity of ballistics 
different batches of i)owder are thoroughly 
blended. 

Manufacture of a Tv ptcal Nitrocellulose 
Powder (Poudre B).—l^nidre B, or Vieille 
powder, was the pioneer of military smoktdes 
powders. As invented by Vieille in 1880 
(Mem. Poudres et f'^altpetres, 1908-9), it was a 
mixture of soluble and insoluble nitrocellulose, 
thoroughly gelatinised with a mixture of ether 
and alcohol, rolled into sheets and then cut into 
strips. It sometimes contained about 2% 
paraffin. It had a nitrogen content of about 
12-7%. For a short time a smokeless powder 
containing metallic nitrates was employed in 
France, but eventually a pure nitrocellulose with 
a little stabiliser was adopted. Amyl alcohol 
was tried as a stabiliser in proportions of 2% 
and later 8% in the powders BAMg and BAMg, 
but diphenylamine was afterwards used. The 
nitrocellulose employed in the manufacture 
contains about 40% soluble nitrocellulose and is 
prepared by mixing the requisite proportions of 
an insoluble nitrocotton CPj (coton poudre), 
containing about 12‘8--13*1% nitrogen, and a 
double nitrocotton CPg, containing about 12*0-- 


12-6% nitrogen. These nitrocottons are manu¬ 
factured alternatively by one of the three usual 
processes, and after the usual washing, boiling 
and pulping are dehydrated by alcohol. In the 
incorporation, 140-1.50 parts of a mixture of 
1*9 vol. of ether (sp.gr. 0*726) with 1 vol. of 
alcohol (sp.gr. 0*816), including the alcohol 
present in the nitrocotton after dehydration, 
an? used for every 100 parts of nitrocotton. 
The diphenylamine, equivalent to 1*5-2% of 
the nitrocottf)n, is added with the solvent. 
The incorporation takes from 1 to 3 hours and the 
dough is extruded through a die (over which is a 
filter of fine wire gauze to remove solid impurities) 
to form ribbons of from 20 to 150 mm. in width 
and a thickness which varies according to the 
calibre of the gun in which the powder is to be 
used. The ribbons are cut into lengths and the 
strips are hung on rods in the solvent-recovery 
chambers, where they first meet warm air 
containing a high proportion of vapours of ether 
and ah'ohol anrl are gradually moved forward 
against the air current so that they eventually 
meet air free from solvent vapours. This 
prev(‘ntH the strips curling up at the edges by 
too rapid cvaj)oration of the solvent at first. 
Part of the solvc'iit vapours is removed from the 
air by condensation at low temperature and 
then, after being heated, the air passes into the 
recovei’y chain her. After the preliminary drying 
the strips which still contain 1.5-20% solvent, 
mainly alcohol, are cut into narrow ribbons, 
then into short strips of the requisite size. 
Irregular grains are picked out by hand from the 
larger sizes, and sifted out from the small, 
square flakes used for small arms. The sorted 
grains are then further dried for about 6 hours 
on trays in stoves, then soaked, in canvas bags or 
wire trays, in a tank of hot water, the time of 
soaking being about 8 hours and the temperature 
of the water about 75°, but the time and 
temperature vary slightly with the size of the 
strijis. By this soaking nearly all the alcohol is 
eliminated. The grains arc then drained and the 
water finally dried off in a stove. The volatile 
matter, water and residual solvent left in the 
powder is about 0*8- 2% of the powder according 
to the size of the grains. If dried too far, the 
grains are exposed to moist air until the requisite 
volatile content is obtainofl. Finally, the grains 
are thoroughly blended before being made up 
into cartridges. , 

The rate of burning of the French Poudre B 
is controlled not only by the size of grain and 
content of volatile matter, but also by varying 
to some extent the proportions of CP^ and CPg 
in the powder. CP^ is not gelatinised by the 
solvent, but in the finished powder is coated by 
the gelatinised CPj. A higher proportion of 
CPj consequently gives not only greater power 
because of its higher nitrogen content but also 
more rapid burning, as it is ungelatinised. The 
presence of ungelatinised CP^ renders the 
powders slightly porous and consequently the 
moisture content varies somewhat with the 
conditions of storage and the powders are also 
less stable than those fully gelatinised. 
The removal of solvent by means of steeping 
instead of the usual air drying process may also 
tend to leave the powder more porous and thus 
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facilitate the absorption of water during 
subsequent storage. 

Tbkatment of J3eterioratei) Nitrocellu¬ 
lose Powders.— In order to rentore the 
stability of nitrocellulose powders which have 
deteriorated in storage it is proposed (U.S.P. 
2033217) to soak the grains of powder in their 
original form in ethyl alcohol for 1(> hours at 
room ternperafuro iu (irder to cause them to 
swell slowly. The ah'ohol is then gradually 
heated to the boiling-point using a reflux 
condenser and the powder repeatedly extracted 
in order to remove diphcnylamine and decom¬ 
position products. After the flnal extraction 
and draining the grains are treated with a hot 
alcoholic solution of diphcnylamine for 24 hours, 
and if necessary a small amount of plasticiser 
and dinitrotoluene is added in order to increase 
the life of the powder. 

Manufacture of Nitroolyclrtn-Nitro- 
CELLULOSB PowDER.—The manufacture of 
typical powders of this type has already been 
described under (VmnrTE and Hallistite 

Progressive Burning Powders. 

While practically all smokeless powders burn 
progresaiv'cly, the term |)rogressive burning ” 
has been apj)lie(l in recent years s})C(‘ilically 
to powders of the surfatic-treated tyi>e, the grains 
being built uj) ol‘ layers of material having 
different ratt^s of cornhustion, the innermost 
burning most rapidl3^ ^'be function of these 
powders is to produce a slow evolution of gas at 
the commeiK'einent of the burning so as to avoid 
excessive initial chamber j)ressures, and then by 
increasingly rapid burning to maintain a uniform 
pressure as the projec'tile accelerates along the 
bore of the gun or rifle. 

In order to produce this effect, the grains are 
sometimes coated with a restrainer, which may 
be a non-explosive, such as graphitc% or a mild 
explosive, such as dinitrotoluene. (Jentralite 
also has been used as an cxtc'rior coating, 
as it causes the outer layers of the grains 
to burn nu)re slowly. 'Phe use of delayed ignition 
was patented by tlones (B.P. 15/553, 1898) and 
proved to be an imf)ortant step in the d(!velop- 
ment of smokeless powders. He suggested the 
use of a wax, or mixture of waxes, a solid 
hydrocarbon of high melting-point, solid sub¬ 
stances such as dinitrotoluene which, when 
melted, have a solvent action on the substance 
of the grain, or graphite mixed with a small 
quantity of an oleaginous substance. 

These pow ders are relatively cool burning and 
not so hygroscopic as ordinary nitrocellulose 
powders. Progressive powders, however, suffer 
from the disadvantage that they are generally 
somewhat difficult to ignite and require a 
stronger primer than ordinary powders. Henning 
(U.S.P. 1393623) in order to overcome this 
difficulty advocates the use of a suppleraciitary 
charge of black pow'der. 

In certain Hu Pont powders progressive 
burning has been effected by regulating the 
processes of manufacture so as to close the 
minute pores, with the result that the density 
of the surface layers of the grains is very high, 
but gradually decreases towards the interior. 


Teeple (U.S.P. 1310848) proposes the follow- 
ing process for the preparation of a progressiv’^e 
burning powder : a quantity of a nitrocellulose 
or gelatinised smokeless powder in the form of 
grains is introduced into a revolving drum 
w'hieh is provided wdth jjorts for the introduction 
and escape of steam. Dinitrotoliuuie or other 
nitrohydroearhon which can ewvt a solvent 
action on the grains is then added in the form 
of a pcw'der. The drum is revolved for a short 
period until the dinitrotoluene is thoroughly 
mixed with the powdfT, and then steam, either 
alone or mixed with a suitable gas, is admitted 
while the drum is revt»lving. As a result of this 
operation the flinitrotolueue is melted and the 
powTler grains become impregnat(‘d wuth the 
molten material. The su]) 7 )l 3 ^ of steam is then 
cut off and the pow^der allowed to cool. It is 
claimed that this process gives uniform impreg¬ 
nation of the surface layers and that the grains 
do not adhere together during the o})erati(^n. 

Woodbridge (IJ.fS.P. 13124()3), by using a 
mixture eontaining 75% of tliim‘thyldii)h(‘nyl- 
urea ami 25% of dinitrotoluene, and (airrving 
out th(' impregnation process undcu' hot water, 
claims to produc<^ a very efficient ])r(»greH.sive 
burning powder. It is stated tluit ])()\vd(us so 
produe(‘(l are I’n'o from the drawback of diflicult 
igjiilion and that they proilmn* eor^siderabiy less 
erosion in riih* barrels t han many ortlie ordinary 
impregnated })owders. 'rii(‘ (dfect (tf tr(‘ai- 
ment by this process is illiistratt^d by the 
fact that whereas a non-imjjn’gnated nitro¬ 
cellulose lired in a military rifle gave a muzzle 
velocity of 2,700 ft.jsov. and a nu'an })ressiir‘e of 
49,000 lb./s(]. in., a sample of impregnated 
pow^der gave the same muzzle velocity with a 
mean pressure of only 40,000 lb./s(p in., with a 
charge weighing 4(M) grains. FurtiicTmore, the 
diff’erenee between the erosive elf(H*t of the two 
pow^ders w'as very marked, the erosion frroduced 
by the impregnated powdtT bdng only one- 
(juarter to one-third of that elfected l>y the 
untreatc'd powder. 

A furtluT ])roeess for the produdion of this 
type of propdlant is pnjjrosed by Wagner 
(U.S.l*. 1900075) wlierein a jrorfion of tlui nitro¬ 
glycerin in a nitroedhjlose-niti'oglyeiu'in })owaier 
is extracted by a solvent so that the potential 
energy ])(‘r unit weight of the powder will 
increase as the grains burn from tlu! outside to 
the ecu tie, lii ord(*r to prevent the migration 
of the residual nitroglyceriu which would tend to 
redistribute itself through the jx^wder the 
grains are treated with a gelatiniscr which is 
preferably a restrainer and/or a plasticiser. 
For example, the grains of powder as used for 
small calibre rifles are scjaked in benzol for 
5 hours, washed with the same solvent and then 
dried. 100 parts of this powder are then 
treated with 70 parts by weight of a 0*75% 
solution of diamyl jihthalate in benzol in a 
rotating barrel eoiineeted with a s<jlv(mt 
recovery system. The benzol is driven off 
leaving the diamyl jihthalate in eombination 
with the nitrocellulose. The effect of this treat¬ 
ment is shown by the fads tliat whert^as a 
charge of 0-8 grains fired in a 0*22 long rifle 
gave an average pressure of 13,704 Ib./sq. in. 
and a velocity of 892 ft./soe., a charge of 2*35 
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grains of the treated powder gave practically 
the same pressure, but the velocity was increased 
to 1,231 ft./sec. 

Sporting Smokeless Powders. 

Sporting smokeless powders have the advan¬ 
tage over black powder in that they give less 
recoil and less noise. They may be broadly 
divided into two classes : bulk powders and 
condensed powders. 

The bulk powders have a low density and are 
so designed that a charge may have the same 
volume as black gunpowder and give the same 
velocity and pressure. The standard 12 bore 
paper cartridge of 2^ in. normal length and 
holding 3 drams of gunpowder by measure 
therefore needs no alteration. These powders 
are used mainly in shot guns and only to a 
limited extent in sporting rifles. Relatively to 
military powders they are required to bo quick 
burning and are consequently not so completely 
gelatinised. The grains are loose and only 
surface hardened by moans of a solvent. They 
are usually composed of soluble nitrocellulose 
containing about 12-5-12'8% of nitrogen, 
incorporated in the usual manner with a mixture 
of barium and potassium nitrates. Usually 
about 7 parts of barium nitrate are used to one 
part of potassium nitrate, but sometimes barium 
nitrate is used alone. Barium nitrate has the 
advantage that it is not hygroscopic and yields 
very little smoke, but it has the drawback of 
leaving a residue in the gun that is difficult to 
remove. A small proportion of petroleum 
jelly or parafiin wax is sometimes added as a 
moderant. Starch is used occasionally to help 
in the agglomeration of the grains, and (camphor 
was at one time used to help the gelatinisation. 
Mononitro- and dinitro-benzenes and toluenes 
are present in some powders to moderate the 
action and assist the gelatinisation. Jiamp black, 
wood meal, various gums and potassium ferro- 
cyanide have been used as ingredients, and a 
small quantity of calcium carbonate has been 
added for stabilisation. The mixture is usually 
granulated either by sprinkling with water and 
rotating in a drum or by spreading out on a 
rapidly oscillating table, but sometimes the 
mixture is slightly compressed and afterwards 
broken up into grains which are sifted and 
dried. In all cases the solvent is sprinkled over 
the powders after granulation. The manufac¬ 
ture of these powders is described in detail by 
Glater (B.P. 23105, 1892) and by Jones (B.P. 
1164, 1897). The bulk powders are graded 
according to the number of grains weight that 
are equivalent to the 3 drams measure of black 
powder. The original standard charge was j 
42 grains, but to-day 33 grains is the most 
common. There are also 38, 36 and 30 grain 
powders. 

The condensed powders have a high density 
and the charge occupies only one-third to 
one-half the volume of a gunpowder charge. 
They are used in cartridges with a false base of 
coned paper in specially designed weapons. 
These powders are completely gelatinised and 
are made in a similar manner to military flake 
small-arm powders. The requisite rate of 


burning is obtained by suitable adjustment of 
the size and shape of the grains. The powder 
paste is rolled into thin sheets which are cut into 
small flakes and dried as usual. 

Occasionally sporting powders are made by an 
intermediate process, the grains being thoroughly 
gelatinised. The powder, wet with solvent, 
is treated with steam so that the solvent rapidly 
evaporates and leaves the grains in a bulk form, 
but the nitrocellulose is hardened throughout 
the mass and W'aterproofed. 

Miscellaneous Smokeless Powders. 

Nitrostarch Powder .—^According to Crater, 
attempts to use nitrostarch as an ingredient of 
smokeless powders have met with little success 
from the commercial point of view, as such 
powders have burnt with abnormal rapidity and 
were of low stability. He claims (U.S.P. 
2024128) to produce a successful product by 
using a mixture consisting of nitrostarch 85% 
(nitrogen content 11‘82%), dinitrotoluene 6%, 
nitroglycerin 9%. 

In manufacturing the powder the dinitro¬ 
toluene is dissolved in the nitroglycerin and the 
solution added to the flaked nitrostarch at room 
temperature. Shortly after the addition of the 
solution the mass is heated to about 130° for a 
period of 30-40 minutes, wffiereby complete 
coUoiding of the nitrostarch is effected. 

Non-rv^i-producing Propdlant for Small 
Arms .—McNutt (U.S.P. 1858373) proposes a 
powder containing barium nitrate 51%, charcoal 
9*6%, sulphur 7-5%, basic lead nitrate 17% 
and gimcotton 15%. 

In compounding the powder all the ingredients, 
with the exception of the guncotton, are first 
made into granules in a similar manner to that 
used for gunpowder. The guncotton in a very 
finely shredded form is then added to the 
mixture and the whole converted into a plastic 
mass by incorporation in a miU with a sufficient 
amount of water. When sufficiently incor¬ 
porated the mass is dried, grained, polished and 
sieved. 

It is claimed that small charges of this powder 
burn uniformly and leave no corrosive residue in 
the barrel of the weapon. 

Pboperties of Smokeless Powders.— 
Nitrocellulose powders are grey to yellow and 
nitroglycerin-nitrocellulose powders yellow to 
brown in colour. They are sometimes coloured 
by secondary ingredients, or dyes may be added, 
and the grains, more especially those of smaller 
size, are frequently coated with graphite, giving 
them a grey to black colour. The surface is 
usually smooth, but sometimes matted. 

The powders usually have the consistency of 
horn, but those containing nitroglycerin are 
softer and more readily cut than those containing 
only nitrocellulose. The specific gravity of the 
powders varies with their composition and mode 
of manufacture, but the apparent density of the 
small flakes or grains is usually between 0*26 
and 0*40. 

The shape of the grains varies considerably: 
sporting powders arc usually in grains or flakes, 
military small-arm powders may be in thin 
squares, rectangular flakes, discs, small cubes. 
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thin cords or narrow ribbons. The powders for 
larger guns may be in the form of ribbons, 
thick cords, round or square in section, large 
cubes, tubes or cylinders, the size and shape 
being adapted to the calibre of the gun so that 
the highest possible muzzle velocities may be 
obtained without excessive pressures. The 
thicker cords and cylinders are frequently 
perforated throughout their length by one or 
more fine holes. The length of the perforated 
cords must not be too great or they will break 
up into fragments under the pressure developed 
in the gun and may cause it to burst. Some¬ 
times long perforated cords have transverse 
cuts or holes made in them at intervals to assist 
the escape of gases and prevent the cord 
bursting. 

Mode of Burning .—A completely gelatinised 
powder burns away in layers from the ignited 
surfaces, the rate of burning varying directly 
with the pressure. In the open, the powders 
bum rapidly but quietly. In the closed 
chamber of a gun, however, the products of 
combustion rapidly raise the pressure and 
explosive burning is soon reached. The rate of 
burning of a complete charge of a given com¬ 
position depends on the size, shape and con¬ 
sistency of the grain ; the larger the grain the 
less initial burning surface per unit weight and 
the slower the burning of the charge. On 
ignition, the grains usually burn simultaneously 
over their entire surfaces. The shape of the 
grain should be such that it gives as largo a 
burning surface as possible until the combustion 
is complete. A cubical or spherical form is, 
therefore, of the worst type, a rod-shaped 
grain is a little better, but either a long tubiilar 
grain or a large flat strip is more effective, as the 
burning surface is then practically the same at 
the end as at the beginning of the combustion. 
Flat strips, however, give irregular ignition at 
times owing to the manner in which they 
pack together. Irregularity of ignition causes 
irregular burning and abnormal pressures. 
Flakes, strips and sheets may ignite and burn 
irregularly owing to the grains adhering together. 
To prevent this irregular ignition and burning, 
the flakes are frequently cupped or the edges 
scalloped. Alternatively, they have grooves 
cut in them or have ridges or small projections 
moulded on the surface. 

Fully gelatinised powders give a surface that is 
less favourable for ignition than the more 
porous powders. Rough edges on the grains or 
strips facilitate ignition, but, if not normally 
present and allowed for, such irregularities may 
lead to too rapid ignition and abnormally high 
pressures. Small-arm powders require more 
powerful caps to cause ignition than gunpowder, 
and the larger charges require priming with 
gunpowder or guncotton to make ignition 
certain. 

Comparative tests on the rate of combustion of 
nitrocellulose powders have been carried out by 
H. Muraour and W. Schumacher (M6m. Poudres, 
1937, 27 , 87). Using cylindrical sticks of the 
powder, 2-3 mm. in diameter, it was foimd 
that when burning freely in air a 50% nitro¬ 
glycerin powder burned more slowly than 25% 
nitroglycerin powders containing centraHte in 
VoL. rV.—34 


proportions up to 20%. While variation in the 
percentage of centralite between 5 and 20% 
had very little effect on the speed of combustion 
under these conditions, when the burning was 
carried out in a bomb at a pressure of 2,600 
kg./sq. cm., the velocity of combustion increased 
with the centralite content, the powder con¬ 
taining 20% of this ingredient burning 5 times 
as fast as the 60% nitroglycerin powder. 

By igniting the explosives in an atmosphere of 
nitrogen by means of a red-hot wire it w’as shown 
that combustion proceeds according to the 
formula V—a-f 6P, where a is a constant which 
is independent of the pressure and proportional 
to the temperature. It is concluded that the 
speed of burning under pressure is dependent on 
two methods of combustion : (i) in which the 
combustion is transmitted by mole(*ular shock, 
V being proportional to the pressure, and (ii) 
transmission of combustion by conduction, in 
which V is independent of the pressure. Under 
these conditions it was found that the ignition 
temperature of the powders was lowered by the 
presence of centrahte. 

Ignition-point .—The ignition-point of gelatin¬ 
ised nitrocellulose powders is about 176-180“ 
and of nitroglycerin-nitrocelliiloso powders 
about 180-185“ when the temperature is raised 
rapidly. The ignition-point is lowered by heat¬ 
ing up slowly, and even a trace of acid has a 
considerable effect in lowering the ignition- 
point. 

Sensitiveness to Shock .—Smokeless powders are 
very insensitive to shock and percussion ; they 
are not fired by the passage of a rifle bullet 
through them. Even those powders with a 
high percentage of nitroglycerin cannot be 
detonated by means of a strong detonator 
unless there is much unadsorbed nitroglycerin. 

Residue on Ignition .—The solid residue from 
smokeless powders and its eflect on the formation 
of rust in small arms has been examined by 
van Pittius (Z. angew. Ohem. 1906, 19, 848). 
He found that a graphited nitrocellulose-nitro¬ 
glycerin powder (40/60) gave about 2% of a 
faintly alkaline residue of which only about 
1/50 was insoluble in water and contained 
graphite and oxides of iron and copper. The 
soluble residue contained 61% potassium 
carbonate, 38% potassium chloride, 11% 
potassium antimoniate and traces of iron and 
sulphate. There were no nitrates, nitrites, 
chlorates, cyanides, ferrocyanides or ammonium 
salts present. In the residues, the antimony, 
potassium sulphate and chloride actually come 
from the cap composition, the iron largely from 
the gun and the copper from the bullet. 

After experimenting with various solutions, 
Pittius concludes that the residues from the 
powders are not in themselves rust producers but 
become so after a time owing to their hygro- 
scopicity. Frequent washing out of the gun 
and subsequent oiling will be sufficient to 
prevent rusting. 

Products of Combustion .—The gaseous pro¬ 
ducts of combustion of smokeless powders are 
water vapour, carbon dioxide, carbon monoxide, 
hydrogen, nitrogen and a small quantity of 
methane. Sometimes oxides of nitrogen are 
formed when the explosion is incomplete. 
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They may be always produced at the moment of 
explosion and be subsequently reduced by the 
large volume of carbon monoxide and hydrogen 
at a high temperature. 

The heat of explosion and products of com¬ 


bustion of several varieties of smokeless powders 
have been determined by the ordinary calo- 
metric bomb method by MacNab and Leighton 
(J.S.C.I. 1904, 23, 298), who obtained the 
following results; 




l*er- 

\Vat<‘r 

Tidal 

"o Composition of pi 

rmaueat 


Powder. 

('aiories 

K. 

Kases 
per K- 
(N.T.P.). 

vaiamr, 
lUl. 
per ii. 

lias, 
ml at 
N.T.P. 

CO,,. 

CO. 

CHj. 

H. 

N. 

Amberite .... 

745 

<i35 

1.56 

791 

12-0 

500 

0-4 

25-5 

12-1 

Cannonite .... 

845 

725 

146 

871 

14*6 

49-9 

0-6 

22-2 

12-7 

Cordite .... 

1,253 

647 

235 

882 

24-9 

40-3 

0-7 

14-8 

193 

Cordite M.D. 

1,031 

726 

215 

941 

16-3 

,50-4 

0-0 

19-7 

13*6 

E.C. 

762 

718 

158 

876 

11-9 

52-1 

0-.5 

23-9 

11-6 

Imperial iSchultze . 
Kynoch’s Smokeless . 

742 ] 

763 

152 

915 

8-9 

52-7 

1-0 

27-0 

10'4 

807 

600 

126 

726 

14-8 1 

49-5 

0-7 

18-8 

16-2 

S.S. 

755 

695 

131 

816 

11-8 

51-3 

0-8 

23-7 

12-4 

Schultze .... 

786 

576 

160 

736 

15-5 

46-7 

0-8 

23-0 

140 

Shotgun RiHeite . 

896 

705 

169 

874 

19-0 

45-3 

0-8 

21-5 

134 

Sporting balli.stite . 

1,286 

.591 

234 

825 

32-2 

37-1 

0-4 

101 

20-2 

VV'alsrode .... 

1.014 

669 

206 

875 

21 *3 

48-2 

O'd? 

10 1? 

14-8 


Under the conditions of the experiments no 
oxides (►!' nitrogen were formed. The above 
authors called attention to the fact that the 
quantity of heat developed by the nitro- 
celluloHc powders increases with the nitro- 
(telliilose content and that a large increase takes 
place when nitroglycerin is present. Other 
conclusions are that as the heat increases the 
quantity of carbon dioxide increases, the tiarbon 
monoxide and hydrogen decrease and a larger 
quantity of water vapour is formed. 

The relative temperatures of explosion of 
these powders were determined by a thermo¬ 
electric pyrometer method described by MacNab 
and Ristori (Proc. Roy. 8oc. 1900, 66, 221). 
The order of the powders, according to the 
temperature developed, was, broadly speaking, 
the sarnti as that giv(‘n by the total heat of 
combustion. 

The constants of explosion of several smokeless 
jKiwders hav<‘ been exhaustively examined by 
Noble, showing their relationship to the density 
of loading {ibid. 1905, 76A, 381, 512 ; 1906,78A, 
218). With the density of charge varying from 
0-05 to O f)!), Noble found that as a general rule 
with increase of resulting temperature and 
pressure there was at first a slight increase and 
then a steady decrease in the volume of the 
permanent gases, also a large increase in the 
volume of COg and decrease in the volume 
of CO. The volume of hydrogen decreases 
with increasing pressure, while that of methane 
rises rapidly. He also found that the amount of 
erosion depended almost entirely on the heat 
developed and was independent of the pressure. 

Deflagration Products .—The composition and 
the physiological effects of the gases evolved 
by the burning of nitrocellulose powder in a 
serai-enclosed space simulating a gun turret 
have been investigated by Knight and Walton 
(Ind. Eng. Chem. 1926, 18, 287). The gas 
produced was analysed at different periods 
during the burning and animals were submitted 


to the action of the combustion products. 
Shortly after the igtiitioii of the pow^dcr the 
gases were found to contain approximately 
7% of nitrogen peroxide, 17*^,^ of carbon dioxide, 
28% of carbon jnonoxide, 8% of hydrogen 
and 37% of nitrogen, wIitTcas tow^ards tlie end 
of the combustion the composition was approxi¬ 
mately 1% of nitrogen peroxide, 8% carbon 
dioxide, 12% oxygen, 9% carbon monoxide and 
67% nitrogen. Tlio gases were found to be 
de(‘idedly toxic to animals. 

J^tability. —Physi(‘al and chemical stability 
under all conditions of dim a te, storage and use 
is one of the most desirable qualities in a 
military explosive. Smokeless powders usually 
contain small quantities of moisture or residual 
solvent. This has a considerable influenco on 
the ballistic (pialities of a powder and has to be 
carefully regulated in quantity. The effect of 
excess of solvent, especially on tlie nitrocellulose 
powders, in causing physical instability has been 
already referred to. Ihue liitroeellulose or 
nitroglycerin-nitrocellulose powders are not 
affected by moisture, but all nitrofidlulose 
powders are subject to slight deterioration 
on storage—which is a function of the tem¬ 
perature, and increases with rise of temperature. 
According to Storm (Army Ordnance, 1929, 
9, 230), the velocity of decomposition of nitro¬ 
cellulose powders at any given temperature is 
greater in a moist atmosphere than in the 
absence of water. In tests conducted in an 
American arsenal a sample of powder of good 
stability, which withstood constant heating at 
66*5° for 400 days without any visible evolution 
of fumes and did not explode after 5 hours 
heating at 135°, decomposed with evolution of 
fumes after 175 days’ storage at 65'6° in an 
atmosphere saturated with water. A portion of 
the sample, after the above treatment, exploded 
after 10 minutes’ heating at 135°. 

The decomposition of nitrocellulose smokeless 
powder is attended by physical changes in the 
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appearance and properties of the grains. The 
reaction of the products of decomposition with 
the diphenylamine contained in the powder 
results in the formation of a yellow colouring 
matter which causes badly decomposed grains 
to assume an orange-yellow colour. Frequently 
grains are found in which decomposition appears 
to have started locally in small spots instead of 
affecting the entire mass of the^ grains. These 
spots arc distinctly yellow and become brittle 
or frequently soft and mushy. It is possible 
that these local centres of decomposition are 
initiated from impurities in the cotton or nitro¬ 
cellulose from which the powder has been 
prepared. During the decomposition of powder, 
heat is generated, and if decomposition is brought 
about at a sufficiently high temperature, as, for 
example, in the 135'^ stability test, ignition or 
explosion may result. In such cases the 
powder at the instant of its ignition is 
undoubtedly at a higher temperature than 13.5% 
to which the bath is h(*ated. The chemical 
stability of military powTlers is tested on manu¬ 
facture and at freejuent intervals {see 8tability 
Tests, j). 53.3) Nitroglycerin powders may 
exude nitroglycerin on cold storage, but it is 
usually re-ailsorbcd at normal temperatures. 

Hygroscopiciiy. —33ic hygroscopicity of a nitro- 
('cllulosc propellant is a factor depending to an 
appreciable (wtent on the nitrogen content of 
the nitrocellulose us(*d. Nitrocellulose pow'ders 
are decidedly more hygroscopic than those of 
the nitroglycerin^-nitrocellulose type owdng to 
the fact that the former usually consist almost 
entirely of nitrocellulose with a small percentage 
of stabilising materials. On the other hand, in 
nitroglycerin powders a substantial amount of 
the hygroscopic nitrocellulose is replaced by the 
non-hygroscopic nitroglycerin and in some cases 
by other ingredients such as petroleum jelly. 

When a colloided nitrocellulose is exposed to a 
moist atmosphere it adsorbs moisture for two 
reasons, first on account of the hygroscopicity 
of the colloid itscU’, and secondly because of the 
considerable hygroscopicity of the residual 
ether-alcohol solvent. 

Davis (Army Ordnance, 1021, 2, 0) has shown 
that the adsorption of moisture by colloided nitro¬ 
cellulose powders produces precipitation of the 
nitrocellulose and is ac(;ompanied by the pro¬ 
duction of minute cracks or pores in the surface 
of the grain. If the powder, after exposure to 
moisture, is now desiccated, the moisture held in 
these (Tacks by capillary action is driven off, the 
cracks give access to the residual ether-ah^ohol 
in the interior of the grain and some of this is 
also evaporated, with the result that the drying 
of the powder actually removes more volatile 
matter than the powder had taken up during its 
exposure to the moist atmosphere. By repeated 
exposure to moisture and subsequent drying the 
powder soon becomes extremely porous, no 
longer contains any ether-alcohol and the gains 
and losses on successive exposures to moisture 
and drying are equal. Reduction of the 
hygroscopicity can be effected by surface treat¬ 
ment of the grains with centralite, dinitro- 
toluene, etc., as in the Progressive Burning 
Powders (p. 627). Fidlar (U.S.P. 1716434) 
proposes a non-hygroscopic powder containing 


40 parts of nitrocellulose, 20 parts of nitro- 
glycerin, 10 parts of dinitrotoluene and 30 parts 
of trinitrotoluene, with 1% of diphenylamine as 
stabiliser. The process of manufacture consists 
in passing the previously mixed ingredients 
through hot rollers until the proper thickness to 
give the dosiretd ballistic results has been 
obtained. 3'h(’! resulting powder is stated to he 
non-hygroscopic and also to give considerably 
less flash than either cordite or ballistite. 

Erosion .—All propellants cause a certain 
amount of erosion wffiich in time tends to reduc'e 
the accuracy of the firing, especially in the 
case of ordnance of large calibre. The amount 
of erosion dei>ends to a largo extent on the 
temperature developed on explosion of the 
powder and is greater with nitroglycerin-nitro- 
c^elliilose powders than with propellants con¬ 
sisting of nitrocellulose only. In the latter, 
however, surface cracks arc‘ also liable to 
develop, w'hich are soon deepened by successive 
firing until the gun is rendered useh'ss. 

Vieille (Menu. lV)udreK, 1001, 11, 1.57) carried 
out a large number of experiments in connectiem 
with erosion in which charges of various pro¬ 
pellants were fired in a vessel j)rovide(l with a 
plug, with a small orifice througli wdiich the 
gases could escape. 'J'hia plug was detacdiablo 
and could be weighed before and after the 
experiment. The clccrease in weight indicated 
the loss by erosion and from the eje^nsity of the 
metal of which the plug was made it was possible 
to calculate the volume of metal cToded. In his 
investigation Vieille usc'd orilic(\H of various 
diameters and lengths and also made of different 
metals. He fouml that for the same charge of 
powder an increase in length or a decrease in the 
diameter of t he orifice tended to ineremse the loss 
by erosion. 

The effec^t of the pressure was of almost 
negligible importance below 1,(100 kg./sq. cm., 
j but rose considerably up to about 2,000 kg./ 
s(|. (‘in. and l)(*.tweeri 2,000 and 4,000 kg./s(p cm. 
it remaim^d almost stationary. 

The amount of erosion was dependent to a 
large extent on the melting-point of the metal 
tested, metals and alloys of low melting-point 
giving much larger losses than high-melting 
materials. ]<'or example, using the same charge of 
propellant, platinum and platinum-iridium only 
lost 59 and 74 mm.® respectively, whereas brass 
and zinc lost 326 and 1,018 mm.® respectively. 

The effect of the composition of the explosive 
is shown in the table at top of p. .532. 

Vieille considered that erosion by explosion of 
a propellant was dependent on two main factors, 
first, the softening of the metal by the hot gases, 
and secondly, their mechani(!al action on 
sweeping away the molted or softened metal. 

Lintes (M(^m. Artill. Frani;*-. 1935, 14 , 209) 
states that factors tending to reduce erosion are 
low maximum pressures, low explosion tempera¬ 
tures, reduction of solid residues and regular 
and complete combustion. Powders with an 
excess of nitrogen, exceeding the proportion of 
carbon monoxide or dioxide, are to be preferred; 
a propellant of calorific value about 700 and an 
explosion temperature of 2,100° is recommended. 
Regular and symmetrical ignition is advan¬ 
tageous. 
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Explosive. 

Charge 
in g. 

Pressure, 

kg./cm.*. 

Tempera¬ 
ture, “C. 

Erosion, 
mm.* per g. 

Nitrocellulose powders: 





T bis (revolver powder). 

3*65 

<2,528 

2,676 

7*4 

T sporting powder. 

3*65 

<2,688 

2,676 

6*5 

B F rifle powder. 

3*55 

2,143-2,224 

2,676 

64 

Nitroglycerin-nitrocellulose powders: 



3,384 

24*3 

V F 50% nitroglycerin. 

3*55 

2,360-2,642 

Cordite (67 C/C, 38 N/G and 5% mineral jelly) 

3*56 

2,600 

— 

18*1 

Solenite 34% N/G. 

3*55 

2,449 

— 

13*8 

Black powders: 





Sporting powder (78% potassium nitrate) 

8*88 

1,958 

3,530 

4*5 

Rifle powder (75% potassium nitrate) 

10*00 

2,167 

2,910 

2*2 

Other explosives : 





Blasting gelatine (94% N/G). 

3*35 

2,458 

3,545 

31*4 

Dynamite (75% N/G). 

3*35 

2,084 

3,161 

18*0 

Nitromannite. 

3*54 

2,361 

3,429 

23*6 

Nitroguanidine. 

3*90 

1 

2,019 

907 

2*3 


Examination of Smokeless Powders. 

(]) Determination of the Constituents. 

Moisture in Nitroglycerin-Nitrocellulose Pow¬ 
ders .—5 g. of the ground powder arc placed in 
a special aluminium dish which is covered with 
a glass cone. The whole apparatus is weighed 
and then stood on a metal plate heated by boil¬ 
ing water. After heating for 1-2 hours, depend¬ 
ing on the type of powder under examination, the 
apparatus is allowed to cool for about 20 minutes 
and then re-weighed. From the loss of weight 
the percentage of moisture can be calculated. 

Total Volatile Matter in Nitrocellulose Powders. 
—About 1 g. of slices, from the largo calibre 
powders, or whole grains of the smaller sizes 
are dissolved in 150 ml. of a mixture of ether- 
alcohol (2:1), allowing the mixture to stand for 
several hours if necessary to effect solution. 
From 20 to 30 ml. of water are then added 
with constant stirring until a permanent 
cloudiness is obtained. The liquid is then 
heated on the water bath until the ether begins 
to boil and more water is then added with 
vigorous stirring until a coarse flocculent pre¬ 
cipitate forms. The mixture is evaporated 
nearly to dryness, then transferred to a wide- 
nocked weighing bottle and the remainder of 
the liquid volatilised. The residue is finally 
dried at 95°C. to constant weight. The difference 
between this weight and that of the powder 
originally taken gives the total volatile matter. 

Residual Solvent .—20 g. of the powder are 
dried in a vacuum drier at 60-60°C. for 2 
hours. The loss of weight is considered to be 
due to moisture, and the difference between this 
figure and the total volatile matter is regarded as 
residual solvent. 

Residual Acetone .—This method, which 
depends on the action of sodium hypoiodite on 
acetone in alkaline solution, whereby iodoform 
and sodium acetate are produced, is described by 
Marqueyrol and Loriette (M6m. Poudres, 1922, 
19 , 362). Commercial eau de Javel is used and 


is standardised against pure acetone, 10 ml. 
of which are diluted with water and the solution 
made up to 1 litre. To 10 ml. of this solution 
diluted with 90 ml. of water, 10 g. of potassium 
iodide and 20 ml. of sodium hydroxide solution 
(sp.gr. 1*33) are added. When the iodide is 
dissolved the hypochlorite is run in from a 
burette with constant agitation and the solution 
tested from time to time with an external 
indicator of starch 1 g., sodium bicarbonate 
10 g. and water 100 ml. The end point is very 
sharp and is preceded by the precipitation 
of flocks of iodoform. In the determination, 
20 g. of the propellant are rapidly cut up and 
hydrolysed with 100 ml. of sodium hydroxide 
solution (sp.gr. 1-33) and 600 ml. of water. 
The acetone present is distilled over into a 
600 ml. flask, cooled in cold water. When 
450-480 ml. have distilled over, the distillate 
is made up to 600 ml., shaken and filtered. 
100 ml. of this filtrate are treated with 10 g. of 
potassium iodide and 20 ml. of sodQum 
hydroxide solution (sp.gr. 1*33), and titrated 
with the standardised hypochlorite solution as 
described above. As the titration is carried 
out cold, the presence of alcohol or aldehyde has 
no effect. Substituted ureas, however, give 
traces of iodoform corresponding to 0-1-0*2% 
of acetone in the propellant. Diphenylamine 
and ammonia do not affect the titration. 

Nitroglycerin ,—^This constituent can be deter¬ 
mined by the method described by Shankster 
and Wilde (J.S.C.I. 1938, 67, 91). A weighed 
quantity of the finely ground sample, calouhkted 
to contain approximately 1 g. of nitroglycerin, is 
extracted with ether for 6-9 hours in a Soxhlet 
apparatus. The greater part of the ether is 
removed by distillation and the residue diluted 
to 1 litre with methylated spirit. 10 ml. of the 
solution are measured into a wide-necked 
flask and the air is expelled by a current of 
carbon dioxide, which must be maintained 
throughout the determination. 25 ml. of an 
approximately NI20 solution of titanous chloride 
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are added from a hydrogen-filled burette, the 
contents set aside for 10 minutes, then boiled for 
an equal period and finally cooled in ice for 10 
minutes. 5 ml. of a 5% solution of ammonium 
thiocyanate are added as indicator and the excess 
of titanous chloride is titrated with jV/20 ferric 
alum solution, A blank experiment must be 
carried out simultaneously. 1 ml. of jV/ 20 
titanous chloride is equivalent to 0*000631 g. 
of nitroglycerin. Stabilisers such as centralite, 
diphenylamine, etc., do not interfere with this 
method of determination. 

Diphenylamine .—According to Buisson 
(“ Probl^me des Poudres,” Paris, 1913, p. 127), 
diphenylamine in nitrocellulose powders 
may be estimated as follows: 10 g. of the 
shredded powder are saponified with 600 ml. of 
a 6% solution of sodium hydroxide in a litre 
flask and the solution distilled until 300 ml. 
of distillate have been obtained. The condenser 
is then washed out with 60 ml. of chloroform, 
and this is added to the contents of the 
receiver. To this mixture, 2 ml. of 10% 
hydrochloric acid and 40 ml. of bromine water 
containing 22 g. of bromine per litre are added, 
and the flask shaken vigorously every 5 
minutes for half an hour, after which time the 
bromination is completed. About 10 ml. of a 
20% solution of potassium iodide are then 
added and the liquid titrated with Nj 10 thio¬ 
sulphate solution, starch being used as the 
indicator. This reaction depends upon the 
formation of tetrabromodiphenylamine, and the 
calculation of the amount present is made 
accordingly. 

Diphenylamine can also be determined by 
Kast’s method as follows: The powder is first 
saponified with strong caustic soda solution, and 
the liquid distilled with steam until the distillate 
no longer gives a coloration with sulphuric acid 
containing a little nitric acid. The distillate is 
extracted with ether, and the ethereal solution 
dried over calcium chloride and evaporated, the 
residue being dried over sulphuric acid and 
weighed. If camphor or other non-basic 
substances are present the diphenylamine is 
precipitated from the ethereal solution with dry 
chlorine, the precipitate washed with ether and 
dried for half an hour at 66°C. and then weighed. 
The weight obtained multiplied by 0*86 gives 
the amount of diphenylamine. 

CeTiiralite .—^For the estimation of centralite in 
smokeless powders, the method of Levenson 
(Ind, Eng. Chem. [Anal.], 1930, 2, 246) may be 
employed. In this method, originally developed 
by Turek, 6 g. of the powder are extracted with 
absolute ether for about 24 hours. The ether 
extract is evaporated to constant weight and the 
liquid residue transferred to a 260 ml. stoppered 
Erlenmeyer flask with 60 ml. of ethyl alcohol; 
26 ml. of a standardised bromide-bromate 
solution are added, the mixture cooled to 20°C., 
Anri 5 ml, of concentrated hydrochloric acid 
added. The flask is quickly stoppered and the 
contents mixed by gentle shaking. Exactly 
30 seconds from lie time of addition of the 
acid, 10 ml. of a 16% solution of potassium 
iodide are added. The iodine filtrated is 
immediately titrated with NJIO sodium thio¬ 
sulphate. The number of ml. of thiosulphate 


required for the standardisation of the bromide- 
bromate solution minus the number required for 
the sample represents the amount of bromine 
combined with the centralite (1 ml. of Nj 10 
NaaS20s=0*0067044 g. of CO(NEtPh)^. 

Camph ^.—According to Sibgatullin (Trans. 
Kirov Inst. Chem. Tech. Kazan, 1935, No. 3, 
166), camphor can be estimated by the following 
method : 6 g. of the powder are distilled with 
3(X) ml. of 10% sodium hydroxide solution, 
the distillate being collected in a long-necked 
flask surrounded by ice. The receiver is shaken 
until the camphor dissolves and the solution is 
diluted with water to exactly 300 ml. The 
surface tension of the filtered solution is then 
determined by the air bubble method and 
compared with that of solutions containing 
known quantities of camphor. 

(2) Detebmination of Stabujtv. 

Numerous tests, both qualitative and quantita¬ 
tive, have been suggested for the purpose of 
ascertaining the stability of propellants, most 
of which involve the application of heat as it is 
difficult to obtain results in a reasonable time at 
ordinary temperatures. 

For nitroglycerin-nitrocellulose powders 
Wiggam and Goodyear (Ind. Eng. Chem. 
[Anal.], 1932, 4, 73) consider that of the various 
methods the Methyl Violet, Surveillance, 
Bergmann-Junk-Mayrhofer and Taliani tests are 
the most suitable in practice, as fairly rapid 
results are obtained and no special technique 
is required to carry them out. 

Abel Heat Teat {v. Testing or Explosives, 
p. 647). 

Silvered Vesad Teat .—This test was devised to 
ascertain the amount of deterioration that Cor¬ 
dite Mark I (p. 619a) had suffered during storage, 
and from this to judge the further length of time 
it would be safe to store it at any given tempera¬ 
ture. The test is carried out as follows : A 
silvered vacuum jacketed flask is fiUed with a 
ground sample of the cordite and heated in a 
bath at a temperature of 80°C. Readings of a 
thermometer, the bulb of which is in the centre of 
the cordite, are taken at intervals until the 
temperature rises 2° above that of the bath. 
The time taken for this rise of temperature is a 
measure of the stability of the cordite. The 
flask is fitted with a side tube in the neck, and the 
appearance of brown fumes in this tube indicates 
the active decomposition of the cordite and i^rves 
as a warning that the test is near completion. 

From the time of the test in hours, using a 
factor that has been established connecting 
rate of increase of deterioration of cordite with 
rise of temperature, the length of serviceable 
life of the cordite at any particular temperature 
can be calculated. 

A newly made Cordite Mark I has a S.V. test 
of from 600 to 600 hours. 

Surveillance Teat .—46 g. of the powder are 
weighed out into a dry 260 ml. bottle provided 
with a well-fitting stopper and placed in an oven 
kept at a temperature of 78®C. The sample is 
examined daily and the time taken for the 
appearance of brown fumes is noted. A stable 
powder should withstand this test for at least 
26 days. 
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Methyl Violet Paper T€$t, —2J g. of the powder 
are introduced into a test tube 29 cm. long and 
16 mm. internal diameter with walls 1*5 mm. 
thick. A Methyl Violet test paper—prepared by 
dipping paper into a solution of 0-25 g. of pure 
basic Kosaniline (converted to acetate), 0*108 g. 
of Methyl Violet crystals, 4 ml. of glycerol and 
30 ml. of water—is then inserted in the tube 
about 4*3 cm. above the sample. The tube is 
heated in a bath of liquid paraffin at 1.34*5^ 
0*5®C. and after 10 minutes' heating the paper is 
inspected each minute until near the end-point, 
when observations are made at 30-Hecond 
intervals. The time from the insertion of the 
wimple into the bath until the test paper shows .a 
salmon-pink colour is taken as the “ Methyl 
Violet test.” 

German (IIIS'C'.) Tent .—In this test, wdiich is 
largely used on the Continent and is one of the 
American Service tests, 2 5 g. of the air-dry 
explosive are heated at 135''C. in a glass tube, 
loosely closed with a perforatisl cork, until a 
folded piece of hliu* Htmus paper fixed at 0*5 in. 
above the explosive is cjornpletely reddened. 
Besides the time of complete reddening of the 
litmus the time of appearance of brown fumes 
and the time before the samj)le ex])lode8 are 
also noted. The limits for stable explosives in 
this test are usually, for nitroglycerin and nitro¬ 
cellulose powders, comj)lcte reddening of the 
litmus over 30 minutes, brown fumes over 
45 minutes and explosion over 5 hours ; and for 
colloided nitrocellulose powders the corre¬ 
sponding limits are 75 minutes, 2 hours and 
5 hours respectively. 

Vieillc Test .—This is a French Service test 
and is carried out as follows : 10 g. of th(! powd<!r 
and a piece of standard blue litmus paper Jire 
introduced into a glass tube which is closed as 
tightly as possible by means of a clamp<‘d, 
well-fitting stopper. The tube is heated in a 
bath maintained at IBFC. The time taken for 
the litmus to assume a standard red tint is 
recorded and the tube allowed to cool. A fresh 
piece of litmus is introduced and the heating 
resumed. This process is reiamted until a period 
of 1 hour suffices to produce the standard 
red tint on the paper. The sum of the number 
of hours of heating is taken as the time of the 
test. 

Vieille found that as the temperature of the 
test was raised, the time is reduced in arith¬ 
metical progression, and concluded that 110°C. 
is the best temperature for giving reliable 
results within a reasonable time. 

Poudre B has a Vitdlle test of approximately 
60 hours. 

There is a gradual loss of nitrogen from the 
powder during the test, which Vieille found to 
be approximately 0*009% of nitrogen per hour 
during a test of 100 hours (Mfjm. Poudres, 1909, 
16, 71). The decrease in the nitrogen content 
and the time taken to first redden the test 
paper are both considered in conjunction with 
the total time of the test in sentencing a 
powder. 

Sy Test .—This is a U.S. Service test for nitro¬ 
cellulose powders (J. Amer. Chem. Soc. 1906, 
27, 649). From 1 to 4 g. of the powder are 
weighed out in a covered watch glass and 


1 heated in an air bath maintained at 115°C. 
by a boiling mixture of xylene and toluene. 
After 8 hours’ heating the watch glass is cooled 
and weighed and the process repeated daily for 
6 days. The daily loss of weight in mg. per 
1 g. of sample is plotted and comparison 
made with standard curves. The advantages 
claimed for this test are that whole pieces of the 
powder can be tested and that the total amount 
of the volatile j)rodu(‘ts of decomposition is 
determined. 

This test, however, is open to the objection 
that in addition to the loss of the dec'omposition 
proilucts, volatilisation of gelatinising agents and 
other normal constituents of the powder may 
occur w'hich would tend to indicate greater 
instability than was actually the case. 

Jacque TeM .—This is a modilication of the Sy 
test made in order to reduce the time of the test 
(Z. ges. S(‘hieHH- u. Sprengstoffw. I9d(i, 1, 395). 
The sampli* is heated at 130 I4(F and veighed 
after successive periods of 2 hours’ heating. 

Taliani Test .—The details for carrying out 
this test with certain modifications have been 
dc'seribed by Wiggam and Goodyear (Ind. Eng. 
Chem. [Anal.], 1932, 4, 73). Briefly, the test is 
carried out as follows : 1 g. of the well-dried 
sample is placed in a specdal test-tube to which is 
attacdied a U-shapod capillary tube on which a 
mark is etched. The whole apparatus is placed 
in an oven provided with a well containing 
liquid paraffin for the reception of the test-tube, 
and glass doors through which the etched mark 
on tlu* capillary can be seim. The oven is kept 
at a t(‘mperature of 120 \ 0*3'^('. and the upper 
end of the capillary is attached to a supply of 
compressed air, the pressuni of whi(*h can be 
as(*ertained by mt'iins of a gaug<‘. After 30 
minutes, a litth* paraffin is introiluced and 
compressed air connected until tlu^ imuiiscus of 
the paraffin is forcinl l(*vel with the mark on the 
tube. The reading of the air pressure gauge at 
this stage of the test is taken as tlKi zero and is 
subtracted from all subseijnent readings. During 
the test, as the j)res8ure increases in the 
apparatus it is equalised by adding compressed 
air, readings of the time and pressure being 
taken at each increment of 0*5 lb. per sq. in. 
The result is reported as the time required for 
the pressure to increase 8 lb. per sq. in. above 
that at the beginning of the test. 

Stable powder wiU give a test of over 150 
minutes. 

Hydrogen Ion Concenlraiion Method .—The 
application of this method for the determination 
of the stability of powders has been described 
by Hansen (Dansk. Artill. Tidsskr. 1925, 12, 
129). In carrying out this test the powder 
is first dried at 40°C. in a vacuum for 8 hours. 
Eight tubes, 16 min. wide and 360 mm. in 
length, provided with glass stoppers (rubber 
corks are unsuitable) and graduated at 60 ml., 
are taken, and into each 6 g. of the dried sample 
are introduced. The tubes and contents are 
then placed in a bath heated to 110°C. and one 
tube is removed every hour. After cooling for 
half an hour in the air, water, free from carbon 
dioxide and ammonia, is added up to the 
60 ml. mark and the mixture well shaken. 
The hydrogen ion concentration (pn value) of 
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the solution is then determined by the quin- 
hydrone method. By graphical representation 
of the values obtained, as a function of the 
time of heating, a curve is obtained which 
characterises the behaviour of the powder under 
the test. 

In order to evaluate simply the stability of a 
powder, Hansen denotes the stability by the 
symbol K, which is calculated from the value of 
the absolute hydrogen ion concentration, after 
8 hours’ heating, according to the following 
formula: 

K - 15--[H*]X10* 

If K is found to he negative the powder is 
considered to be of poor (piality. 

This test has been suhiuittcd to a criti<*al 
revdew by Metz (Z. gcs. Schicss- u. iSprcng- 
stoffw, 1021), 24-, 245). As the rcstdt of a 
large nun)bcr of (‘X]»criments he considers 
that this method is one of the most valuable 
tests in determining the stability of explo¬ 
sives. It has the advantages of being simple 
in operation, is quantitative and is carried 
out at a relatively low temperature. Further¬ 
more, as the material is periodically examined 
over a relatively long period it is possible 
to follow the decomposition step by step and 
thus obtain more complete information with 
regard to the i dative stability. One disadvan¬ 
tage of the test, according t<) Metz, is the 
fact that it cannot bo apjdied to exydosives 
containing ndatively large amounts of calcium 
carbonate. Tf, however, Ibis eonstituent docs 
iKjt cxee(‘d 0-5% the results are not invalidated. 

Metz do(‘M not consider that Hansen's arbitrary 
figure of 15 use<l in the latter's ccjuation is 
applicable to all powders and recommends that 
different values should be. found for each 
individual type of propellant or explosive. 

Ballistics of Smokeless Powders. 

So far as explosives arc concemed only the 
internal ballistics are meant when ballistic.’S are 
referred to, that is, the phenomena which take 
place from the time ignition is effected until the 
projectile is clear of the influence of the explosion 
gases. The ballistics concern principally the 
pressures developed in the gun and the muzzle 
velocity of the projectile. They can be 
calculated with some degree of acnniracy for 
any particular gun, with any special nature and 
form of propellant, knowing the ilensity of 
loading, that is, the ratio of the v olume of the 
powder to the caj)acity of the gun chamber, and 
the chemical composition and rate of burning 
of the powder. When explosion first takes 
place the gun chamber may bo regarded as a 
closed vessel so that the intensity of the initial 
chamber pressure and the rapidity with which 
it is developed depend directly on the loading 
density. The pressures obtained in a closed 
vessel are, however, never attained owing to 
the motion of the projectile enlarging the 
chamber and lowering the density. 

In practice the pressures attained in the bore 
of a gun are measured experimentally by means 
of crusher gauges which are screwed into the 
gun at regular intervals, but in the ordinary 
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proof testing of a propellant only the maximum 
chamber pressures are determined by means of a 
crusher gauge placed in the chamber. These 
crusher gauges have already been described in 
connection with the measurement of closed 
vessel pressures p. 460rf). 

In proving propellants, the velocity that a 
given charge will impart to a projectile in a 
particular gun is determined by a Boulenge 
chronograph or some modification of this 
apparatus. The time taken by the projectile 
to pass over a known distance is determined in 
terms of the space passed through by a freely 
falling body in the same time. 4'ho projectile 
severs wires strcttdied on two frames a known 
distance apart. The cutting of the wire on the 
first frame liberates a rtxl suspended by an 
electromagnet. 4'hc sevt-ring of the w ire f)n the 
second frame juits into action, by means of 
a second dropping rod falling through a shorter 
distance, a knife* edge, which makes a mark 
on the lirst falling rod. From the spac*o fallen 
through by the marked rod the time for the 
projectile to pass over the distance between the 
two screens (‘an be ealeiilatcd. 

In testing the ballistics of nitro-propellants 
they are heated to a definite temperature for 
some time before firing. 

X. INITIATORS EXPLOSIVES. 

Ex})Josiv('H of this type are (employed usually in 
admixture with otheu' ingredients in caps for the 
ignition of propellants and in d(‘tonators to 
effect the detonation of high explosives. 

Although mercury fulminate is still one of th(5 
chief, if not the most important , of the initiatory 
explosives, other materials, espc'cially k'ad azide, 
an^ now being UR('d to a (•onsi(l«‘rab]e extent in 
the manufacture of raps and dcjtonators. 

One particular property of mercury fulminate 
which accounts for its continued use is its 
ability to be exploded by mere ignition. On the 
other hand, it has several undesirable properties, 
such as its sensitivt'ness to the acti(ui of moisture 
and loss of explosive power if very highly 
compressed, which render the provision of 
substitutes desirable. The most important 
alternative to the use of fulminate is lead azide 
{v. Azides), which is a more powerful initiator 
than the former. It has, however, the dis¬ 
advantage that it cannot be so readily ignited 
as fulminate and when in contact witli copper, 
e.g. in a copper cap, it has a tendency to form the 
very sensitive copper azide. 

Among other suhstaru'es which have been 
suggested for use as initiatory agents are tetrazol 
and its derivatives, diazodinitrophenol, lead 
trinitroresoreinate, hcxamethylcnc-tripc^roxido- 
diamine and trinitrotriazidobonzene. 

Fulminates. 

Fulminate of silver has been known as an 
explosive body since the seventeenth century, 
but owing to its dangerous sensitivity to 
friction and shock no practical use was found for 
this type of explosive until the discovery of 
fulminate of mercury by Howard in 1799-1800 
(Phil. Trans, 1800, 90 , I, 204). The develop- 
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ment of the use of this material in percussion 
caps during the period 1814-24 marked a 
great advance in the use of firearms, which 
until then had been dependent on the use of a 
glowing “ match or a flint-and-steel device 
for the ignition of the charge. The mercury 
compound still remains the only fulminate in 
common use, although silver fulminate has been 
licensed for use in toy fireworks, crackers, etc. 
Silver fulminate is prepared in a similar manner 
to mercury fulminate. It is more sensitive to 
friction and percussion than the mercury com¬ 
pound and has a greater explosive power, M. 
Patry (“ Combustion et Detonation,” Paris, 
1933) records an instance where a quantity of 
wet silver fulminate detonated on an attempt 
being made to remove a portion of the material 
with a glass sjiatula. 

Mercury Fulminate, Hg(CNO) 2 . 

This compound is produced by the interaction 
of alcohol and a solution of mercury in excess of 
nitric acid. In Liebig’s process, developed in the 
course of his study of the fulminates of various 
metals in 1823, and in Chevalier’s modification 
of it as used in France, the solution of mercury in 
nitric acid is used cold ; in Chandelon’s process, 
which is more generally employed, a warm 
solution is used. The course of the reaction is 
as follows (Wicland, Ber. 1910, 43, 3363): 

(1) oxidation of the alcohol to form acetalde¬ 
hyde, 

CgHjOH-hHNOg 

-^CHgCHO+HNOg+HjO; 

(2) reaction of the nitrous acid with the 
aldehyde forming nitrosoacetaldehydc, 

HNO 2 +CH 3 CHO ->0N CH 2 CH 0 +H 20 ; 

(3) transformation of nitrosoacetaldehydc into 
t>onitrosoacetaldehyde, 

ONCHa’CHO-^HONrCHCHO; 

(4) oxidation of the i^onitrosoacetaldehyde to 
ii9onitro8oacetic acid, 

HONiCHCHO+HNOg 

-»^HON:CH COOH+HNOg; 

(5) nitration of the »5onitrosoaceiic acid to 
nitrolacetic acid, 

H0N:CHC00H+HN03 

HON.CCNOjlCOjH + HgO; 

(6) decomposition of the nitrolacetic acid into 
methylnitrohc acid and carbon dioxide, 

H 0 N:C(N 02 )C 02 H 

H 0 N:CH N 02 +C 0 g; 

(7) decomposition of methylnitrolic acid into 
fulminic acid and nitrous acid, 

HONrCH NOg CNOH+HNO 2 ; 

(8) formation of mercury fulminate, 

2CNOH+ HgCNOg), Hg(CN0)a+2HN03. 

Chevalier^s Process ,—^According to this 
method, 3 parts by weight of mercury (300 g.) 
are dissolved in the cold in 30 parts of nitric acid 
(sp.gr. 1*34) and the solution is poured into a 


flask containing 19 parts of alcohol (90% 
strength). After some minutes an energetic 
reaction commences, with formation of crystals 
of mercury fulminate. Towards the end of the 
operation two successive additions of 2*38 and 
1-68 parts of alcohol are made. The fulminate 
is filtered from the residual liquor and thoroughly 
washed with water until free from acid. The 
addition of too large a quantity of cold alcohol 
towards the end of the operation is stated to 
yield an impure fulminate. The yield by this 
process varies between 118 and 128% of the 
weight of mercury used. The theoretical yield 
is 142%. 

In Chandelon's Process^ which is almost univer¬ 
sally employed, 1 part by weight of mercury is 
dissolved in 10 parts of nitric acid (sp.gr. 1*4) at a 
gentle heat, and the solution, at a temperature of 
about 65°C., is poured into a capacious flask or 
retort having a capacity at least 6 times the 
volume of the liquid and containing 8*3 parts of 
alcohol (sp.gr. 0*83). The flask is connected by a 
cork and tube to a stoneware condenser for the 
purpose of recovering the distillate driven off by 
the heat of the reaction. 

In about a quarter of an hour the reaction 
begins with a slight formation of gas bubbles. 
Very soon the liquid boils and the flask becomes 
filled with white vapour. The condensate 
contains ethyl nitrate and nitrite, aldehyde 
and unchanged alcohol. The violence of the 
action can bo checked by adding, as required, 
a little additional alcohol ; for this purpose 
the recovered spirit may be utilised after 
distillation from caustic soda. If the reaction 
be too much restrained in this way, however, 
the fulminate is liable to contain metallic 
mercury. 

The mercury fulminate is precipitated from 
the liquid in small greyish-coloured needles. 
When the action is over, the contents of the 
reaction vessel are cooled quickly and the mother 
liquor poured off. The fulminate is collected on 
a filter and washed. It is then passed through a 
fine net screen to remove large crystals, and is 
finally washed on a still finer net filter until 
free from acidity. The yield by this process is 
125% of the weight of mercury. 

The nitric acid fiquor, after cooling, does not 
contain any appreciable quantity of mercury. 

Mercury fulminate prepared by either of the 
above methods is usually of a light brownish- 
grey colour, or, if methylated spirit has been 
used instead of industrial alcohol, the product is 
definitely brown. According to Marshall 
(“ Explosives,” London, 1916), the brown 
coloration is probably due to the presence of 
traces of resinous substances formed in the 
reaction. It is found, however, that the 
addition of a small percentage of certain 
chlorides to the reaction mixture results in the 
formation of a practically white fulminate. 

This process was investigated by Solonina 
(Z. ges. Schiess- u. Sprengstoffw. 1910, 6, 67), 
who foimd that metallic chlorides generally 
would produce this effect, but that the purest 
fulminate resulted from the use of cuprous 
chloride. If hydrochloric acid was used the 
final product was found to be appreciably 
contaminated with oxalic acid. Patry {op. cU.) 
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employed the following proportions of in-' 
gredients in the preparation of white fulminate 
in connection with his investigation of the 
explosive properties of fulminates and other 
initiatory explosives: mercury 70 g., nitric acid 
(sp.gr. 1-38) 625 g., alcohol (95o/o) 800 ml., 
copper solution 2-5 ml. The copper solution 
was prepared by dissolving 10 g. of copper in 
40 mb of nitric acid (sp.gr. 1*38) and then 
adding 15 ml. of hydrochloric acid (sp.gr. 1*16). 

The resulting product is not more, pure than 
the brown (or grey) variety but usually rather 
less, yielding on analysis 97-98% Hg(CNO )2 
as against 99% for a good sample of the brown. 
It is supposed that the impurities giving rise to 
the colour of the brown fulminate are not 
removed but merely bleached by the action of 
the chlorine. According to Wohler and Berth- 
mann (Z. angew. Chem. 1930, 43, 59), the 
impurity is due to mechanically enclosed mother 
liquor, not to water of crystallisation, also 
negatived by Kast and Selle. The colour of the 
brown fulminate is considered to bo due to the 
presence of polymerised fulminic acid, and that 
of the grey to the formation of metallic mercury 
from a basic nitrate. 

According to Angelico (Chem. Zentr. 1901, II, 
404), mercury fulminate may also be prepared 
by treating a solution of mercury in excess of 
dilute nitric acid with a strong aqueous solution 
of malonic acid and a little sodium nitrite 
solution. A considerable rise of temperature 
takes place, with copious evolution of COj, 
and crystals of fulminate separate out. This 
process does not appear to have been used on the 
manufacturing scale. 

The coloured variety of mercury fulminate is 
usually referred to in this country as “ brown,” 
whereas Continental authorities appear to favour 
the term “ grey.” The actual colour may vary 
from a light yellow-brown to a deep grey 
independently of any appreciable differences in 
chemical or explosive properties, and it is 
customary, therefore, to consider the existence 
of two varieties only, the term “ brown ” or 
“ grey ” being used to indicate the variety manu¬ 
factured without the addition of chlorides to the 
reaction mixture. 

PuBiFiCATiON. —Apart from washing with 
water or alcohol, mercury fulminate is not 
usually purified for commercial purposes. It 
can, however, be recrystalliscd from boiling 
water or from alcohol, but on account of its low 
solubility in these solvents they are not usually 
employed for this purpose. The crystals ob¬ 
tained from water are of a pale yellow colour, 
irrespective of which variety of fulminate is 
used, the coloration being due to the partial 
decomposition of the material by the hot solvent. 
The crystals contain half a molecule of water. 

Pyridine is recommended by Solonina (Z. 
ges. Schiess- u. Sprengstoffw. 1910, 5, 69) 
as a good solvent for use in purifying mercury 
fulminate, of which it dissolves 14-6 times its 
own weight when heated. The fulminate is 
obtained in the form of fine white crystals on the 
addition of excess of water. 

Recrystallisation may also be effected from 
potassium cyanide solution. 120 g. of fulminate 
are dissolved in a solution of 60 g. of KCN in 


637 

300 ml. of water, the solution is diluted to 
1 litre and carefully decomposed with 500 ml. 
of dilute nitric acid (containing 100 ml. of 
cone, nitric acid, sp.gr. 14.). Pure white 
fulminate is obtained in the form of fine needles. 
Phibp {ibid. 1912, 7, 200) considered that the 
crystals consisted of a double compound of 
mercury fulminate with KCN, but Langhans 
{ibid. 1920,15, 219) found the mercury content 
by electrolysis to be 70-38%, this disproving the 
double compound theory (HgCoNoOn requires 
7042% Hg). 

Patry (op. cit.) prefers to dissolve the fulminate 
in strong aqueous ammonia at 30-35°C., in 
which it is soluble to the extent of four times 
the weight of solvent, and from which it is 
precipitated as fine crystals by the cautious 
addition of dilute acetic acid. Careful cooling is 
necessary during this operation in order to 
prevent any appreciable rise of temperature, 
since at 60°C. the araraoniacal solution decom¬ 
poses fairly rapidly. By two successive crystal¬ 
lisations from ammonia, fulminate of 99*9% 
purity may be obtained. Nitric, sulphuric or 
sulphurous acid may be used instead of acetic 
acid for the precipitation of mercury fulminate 
from ammoniacal solution. 

All the solutions of fulminate menuoned above 
tend to decompose on standing, particularly 
when warm, so that for successful purification the 
time during which the fulminate is in contact 
with the solution or actually dissolved in it 
must be reduced to a minimum. Langhans 
{l.c.) found that a solution of 4 g. of fulminate in 
100 ml. of 2*6% KC N acquires a strong yellow 
colour on standing for 4 hours, and, when 
heated to boiling, the colour changes to a deep 
red-violet. White fulminate is precipitated from 
this solution on the addition of nitric acid, the 
colour disappearing. If the boiled solution is 
allowed to stand for 10 days, or the unboiled for 
14 days, no precipitation occurs on the addition 
of acid. Similarly, the solution in ammonia 
was found to decompose completely in 12 hours, 
various coloured deposits being obtained, con¬ 
taining no fulminate. 

Drying. —^Mercury fulminate is usually stored 
in linen bags immersed in water. The explosive 
power of the material is almost unaffected even 
by prolonged storage under these conditions at 
normal temperatures. Before use, the material 
is usually washed through a 40-mesh sieve for 
the purpose of breaking down aggregates and 
ensuring the absence of any coarse foreign 
matter. If dry fulminate is required it is 
spread out on linen or paper, supported in 
wooden frames with string-net bottoms, and 
dried in a current of dry air ; alternatively, it is 
spread out on copper tables wliich are protected 
with copal varnish to prevent attack by the wet 
fulminate, and heated by hot water or steam to a 
temperature not exceeding 45®C. 

Passbimg, of Breslau, has devised an apparatus 
for drying fulminate in vactu), the drying 
chamber being heated by steam. Explosives 
bum only with diflSiculty in a vacuum, and 
there is sufficient vacuous space, with the 
aid of safety valves, to prevent any damage 
should there be an ignition of the quantity of 
fulminate dried at one time. 
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When dry, the fulminate is allowed to cool; 
any lumps are broken down by means of a soft 
pad, and the material passed through a muslin 
screen. The dry fulminate is stored in papier- 
mache cylinders with loosely fitting lids. 

Genebal Peopekties. —Commercial mercury 
fulminate consists of small monoclinic crystals 
of rhombic outline ranging from about 0*01 to 
0*1 mm. in length. The crystals of most com¬ 
mercial samples all pass an SO-mesh sieve, 
approximately 80% pass a 120-meBh and about 
60% pass a 200-mesh. Some very fine crystal 
dust is usually present. The crystals are 
normally well-defined octahedra, whidi 
frequently twin along the major axis, and 
repeated twinning to form ladd(T-like crystals is I 
common. The larger crystals are usually 
truncated to such an extent that they form 
j)lates. The pure material crystallises in white 
silky needless. The crystallography of mercury 
fulminate, together with that of other initiatory 
explosives, has been studied in detail by IVlilcs 
(J.C.S. 1931, 2539). 

The coloration of brown or grey fulminate 
is usually evenly distributed throughout the 
crystals, but in some samples it occurs mainly 
along the edges of the crystals, or in spots. 
The coloration was originally thought to be duo 
to the presence of metallic mercury, but on 
examination it was found that this impurity 
occurs to a similar extent in the white variety. 
Solonina, however, concluded from his own 
researches that the metallic mercury found in the 
small residue when fulminate is divssolvod in 
potassium cyanide, pyridine or ammonia solution 
is not ])resont in the original fulminate, but is 
formed by decomposition under the action of the 
solvent. Th(^ r(uil nature of the difference 
between white and brown fulminate has been 
the subject of considerable conjecture and 
investigation, and this subject is discussed at 
length by Langhans (Z. ges. Schiess- u. 8preiig- 
stoffw. 1920, 15, 7). No ohomical difference 
between the two forms has been established, 
and physical differences are limited to varia¬ 
tions in crystal dimensions, which are considered 
sufficient to account for the slight differences 
in brisance observed. 

A crude white fulminate may be distinguished 
from the recrystallised product, in the absence 
of marked physical differences, by the fact that 
the impurities in the crude fulminate react with 
dilute permanganate solution, whereas the 
material purified by crystallisation from 
ammonia by means of nitric or acetic acid is 
generally non-reactive towards permanganate. 

Solithiliiy .—Mercury fulminate is almost 
insoluble in cold water, a litre dissolving 0*7 g. 
at 13”, 1*7 g. at 49” and about 8 g. at ]00”C. 
It is decomposed slowly by boiling water and 
even at lower temperatures on prolonged 
digestion. In addition to the solvents already 
mentioned under the heading of Purification, 
mercury fulminate is also dissolved, but with 
immediate decomposition, by alkali thiosulphate 
solution. The primary reaction involved is 
represented by the equation : 

Hg(CN0)a+2NajSa03+2Ha0 

-HgS^O,+ C3Nj-f-4NaOH 


A modification of this reaction is employed for 
evaluating mercury fulminate, the liberated 
alkali being titrated with standard acid {see 
Testing, p. 641c). According to Nicolardot and 
Boudet (Bull. 8oc. chim. 1919, [iv], 25, 119), 
the small residue of insoluble matter remaining 
when commercial fulminate is dissolved in 
thiosulphate contains nitrates and oxalates of 
mercury together with metallic mercury. 

Mercury fulminate is rapidly decomposed 
by ammonium sulphide, and this reaction 
may be employed for the destruction of small 
(juantities of the explosive. Concentrated 
h 3 ^drochlori(‘ acid also dissolves it with de¬ 
composition. 

Deyisity .—\^arious figures have been given for 
the density of mercury fulminate, ranging from 
4-42, stated by Berthclot (Compt. rend. 1880, 
90, 946), to 4*307, stated by Miles (/.c.), for a 
fulminate recrystallised from ammonia and 
having a purity of 99*9%. Patry {op. cit.) 
found that the density is lower as the purity 
is increased, his lowest figure being 4*32 for a 
recrystallised white fulminate of 99*7% purity ; 
a crude white fulminate gave 4*40. It is 
suggested that the higher density of cnide 
fulminates is to some extent due to their content 
of metallic mercury. The bulk density of differ¬ 
ent supplies varies considerably, mainly accord¬ 
ing to the size of the crystals. It is difficult 
to obtain very concordant results, as much 
j depends on the method of determination, but 
tyj)i<*al figures for fine and coarse fulminates 
are 1*3.7 and 1*5.5 n^spectivcly. This variation 
is of importance in charging detonators by 
ineasurcincnt. 

Brltavionr in Storaqr. —INh'rcury fulminate 
undergoes a slow hut coniijiuous decomposition 
in storage. Hathsburg states (Bor. 1921, 54, [BJ, 
318.5) that after 6 months’ storage in a. dry room 
at .50-60”(’. crude fulminate had lost 3*6% 
in weight, and under moist conditions at the 
same temperature the loss was 7*6%. The 
recrystallised prodiK't, however, only lost 0*2% 
and 0*5% respectively under the same dry and 
wet conditions. 

W. T. Ingraham (Army Ordnance, 1929, 10 , 
201) states that when a sample of mercury ful¬ 
minate was heated overnight in distilled water at 
70”C., the purity fell from 98*63 to 90*23%, yellow 
decomposition products being formed. Storage 
under distilled water at ordinary temperatures 
for a period of five years caused a fall of only 
1*3% in the fulminate value, whereas sea-water 
under the same conditions reduced the purity 
from 99*56 to 82*0.5%. An alkaline water, 
high in sulphates, was found to have only a 
slight deteriorating effect on fulminate, but if 
carbonates were present in quantity a distinct 
reduction in strength occurred. Except in the 
case of storage under sea-water, the content of 
thiosulphate-insoluble and free mercury was 
well within the U.S. specification requirements of 
2 and 1% respectively. The effect of the sea¬ 
water was to increase the insoluble matter to as 
much as 6*87%. Tests of the detonating power 
of the fulminate after storage, carried out in 
the sand bomb, indicated that only the material 
stored under sea-water had deteriorated 
appreciably in this respect. 
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Effect of Heat .—When heated for prolonged 
periods at temperatures below the minimum 
explosion-point, mercury fulminate is trans¬ 
formed into an inert, non-explosive substance 
which has interested many investigators. Hess 
and Dietl (Muspratt's “ Encykiopadisches 
Handbuch der Teohnischen Chemie,” 1900, 7, 
908) found that when 0*5 g. of wet fulminate was 
heated in a test-tube at 90-95°(’. it lost its 
explosive power in 75J hours, and in 81 hours if 
previously dried in a desiccator. Traces of 
nitric acid, which remained aft(T washing or 
were purposely added, had tin; effect of causing 
the fulminate to retain its explosive power fr>r a 
further [)eriod of 14-22 hours. It was suggested 
that the product was the result of isomerisation 
or polymerisation, Otluu- observ ers recorded the 
formation of oxides of mercury as the result of 
continued heating, but more re(*ent woi’k has 
failed to confirm these ohservations. I.,anghans 
(Z. ges. Nchiess- u. .Sprengstolhv. 1922, 17, 122) 
examined this transformation in considerable 
detail, his experiments heirjg carried out in a 
cylindrical Passburg va(!uum drier, using 
quantities of about 15 g, of fulminate. The 
progress of the decomposition was foliowcid by 
observing the increase of colour, by the reduction 
of explosibility, and by determining tht‘ in(T(*as(* 
in the mercury content. found that when 
heated at 90"C. b(>th grey and white fulminates 
are converted into the non-explosive body in 
]()() hours, the mercuiy content being increased 
from 70*4 up to 7()’7%. The browmish- 
yellow transformation product, which shows 
under the mieioseope the unchangtsl crystalline 
form of the original fulminate, is described by 
Langhans as “ Pyrofulmin.” He firuls it to l>e 
practically insoluble in water, ammonia, 
pyridine and the usual oj-ganic solv(*nts, it is 
soluble, however, in sodium thiosulphate 
solution witli liberation of alkali, and in 
potassium cyanide and potassium iodide 
solutions. Dilute mineral acids decompose it 
with evolution of gas (mainly COg), and 
aqueous organic ai*ids such as formic, ac(‘tic, 
oxabc, tartaric; and lac;tic acids dissolve it, 
forming basic meremry salts on dilution with 
water. The ultimate analysis of pyrofulmin, as 
determined by Langhans, is shown below, 
together with the corresponding figures for 
mercury fulminate for comparisori: 



Mercury 

Pyro- 


fulminate. 

fulmiii. 


% 

% 

Mercury . 

. . 70-42 

76-GO 

Nitrogen . 

. . 9-85 

9-88 

Carbon 

. . 8-44 

6-21 

Oxygen 

. . 11-29 

7-31 


Owing to its insolubility in ordinary solvents, 
the pyrofulmin used for the above analysis was 
not purified in any way, but was heated to 
constant weight at 90-100°C. (about 150-200 
hours). It is by no means certain that it 
consists of a single chemical compound, but 
is more probably a mixture of similar sub¬ 
stances. 

The decomposition of mercury fulminate when 
heated under reduced pressure at temperatures 


between 60 and lOO^C. has been studied 
exhaustively by Parmer (J.C.S. 1922, 121, 174), 
w'ho found, using brown fulminate and working 
at a pressure of 5 mm. of mercury, that after an 
initial incubation ” period, of the order of 
80 hours at 80'^C., gas was evolved at a gradually 
increasing rate until the fulminate w^as com¬ 
pletely transformed into inert material after 
about 200 hours. Tin; gas ev'olved was found to 
consist almost entiri'ly of carbon dioxide, the 
total evolution corresponding to about 0*58 
mol. per mol. of fulminate (45 ml. fan* g.). The 
behaviour of white fulm inale under these 
conditions was very simihir, the eswuitial 
dilference being that th(‘ fMuiod (d’ (piiescenee 
was iniieh longer (140-190 hours). The sub- 
He(pient (h'coinposition, how(‘ver. proceeded 
with an ar'Ci'kuation, so that the velocity 
ultiinattdy hccanu* gn‘atcr than that of tin* 
hrown modification. 

Using as a basis of com])arison th(‘ tim<‘ tak<‘n 
to evolvc! 5 ml. of gas from 1 g. of fulminate 
(cqiiivah‘Fit to 11% dc(;oniposition), Parmer 
foiiiul that in the ease of hrown fulminate the 
percentage deeoTn])osition resulting from heating 
for 1,227 hours at ()0°(\ was ecpiivuh'nt to that 
caused by only 39 hours at H9'6’(!. Tn the ease 
of white fulminate th(‘ eorrespondifig tigiires were 
2,010 hours aTid 67 hours n^speadivady. Dilfer- 
ences in the; size of partick* v'ere found to have 
an appreciable etlect on the rate of decom¬ 
position, finely ground lulmjnat(* <leeomposing 
more rapidly than th(‘ larger crystals, although 
the increase iri th(‘ rate of decomposition was not 
HO great as would hav(* Ix'en ex})ected from the 
increase of surfaci' due to grinding, A similar 
elfeet was ohserv(‘d when the crystals were 
(lisintegrated by pressing into pcdlets, and under 
these conditions tlu* ‘‘ incubation p(‘rio<l ” of 
white fulminate* was r(*du('c*(i practically to the 
same figure as that of the* hrown variety. 

Similar results were obtained on heating the 
fulminate in air at a pressun; of 5()() mm. of 
mercairy. 

The effect of admixtures of 10% of various 
Hubstan<‘es with the fulminate was examined 
and it was found that, in general, strong acids 
accelerate the dc(H)rnpositioii, weak organic acids 
have no appre(*iablo effect and alkalis retard 
the action. Organic bases gave anomalous 
results, carbamide, in particular, increasing the 
rate of decomposition enormously (explosion 
occurred in one experiment after 3 hours at 
SO'^C.). Water had a marked retarding influence, 
possibly owing to conversion of the fulminate 
into the more stable fulminurate. It is stated 
that when heated with a large volume of water 
under pressure, mercury fulminate is decomposed 
into metallic mercury and non-exjilosive com¬ 
pounds of unknown composition. 

Action of Light .—Farmer also found (/.c.) 
that when mercury fulminate was exposed to 
daylight in the vacuum testing apparatus at 
or^nary temperature a slight but definite 
and continuous evolution of gas occurred, which 
ceased when the light was excluded. After 
exposure to summer daylight for 5 weeks, 
vacuum tests at 80®C. showed that the fulminate 
had deteriorated appreciably. 

Patry (op. cit.) found that exposure to the 
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radiation from a mercury-vapour lamp caused 
a rapid darkening of the colour of both brown 
and white fulminates, until at the end of a 
month they were practically black, and the 
percentage mercury content had risen from 
70*8 to 71-3%. 

Both in these experiments and in those 
concerned with slow decomposition by heat, 
the original crystalline form of the fulminate 
remains unchanged. W. L. Turner, however, 
has shown that the gradual degradation of the 
fulminate is accompanied by changes in the 
optical properties of the crystals, and that 
when an appreciable quantity of gas has been 
liberated by heat treatment the crystals appear 
to have a nucleus of unchanged fulminate j 
surrounded by decomposition products. i 

Action on Metals .—^The action of mercury 
fulminate on various metals and alloys (tt) in j 
suspension in water and {b) in dry contact in a ! 
moist atmosphere was examined by Langhans 
(Z. ges. Schiess- u. SprengstolTw. 1921, 16, 
106), who found that in series (a) nickel was 
entirely unaffected in 8 days, whereas all other 
metals tested were more or less corroded, 
with development of acidity in the solution 
in many cases. The order of attack was 
approximately as follows, beginning with 
the metal most easily attacked : aluminium, 
brass, zinc, copper, lead, white-raetal, iron, 
cadmium, soft-solder, bismuth, tin, silver, the 
last-named being hardly affected. Aluminium 
was corroded in a few hours with rapid develop¬ 
ment of AI 2 O 3 , which filled the glass vessel in 
the course of a day. The next metal on the list, 
brass, after 8 days, was covered with a grey 
deposit which formed a mercury mirror on 
rubbing, the solution being bright green and 
fairly strongly acid. 

A similar order of attack was observed in 
series ( 6 ), aluminium showing a white efflores¬ 
cence after 4 days ; iron, white-metal and brass 
were slightly corroded after 6 days ; zinc and 
lead were faintly attacked after 14 days ; 
while the remaining metals were still unaffected 
after 28 days. 

Explosive Peopebties. —In the dry state, 
mercury fulminate explodes violently when 
subjected to a moderate blow or slight friction. 
Large crystals and complex crystals or clusters 
are more sensitive than small crystals. The 
sensitiveness is lessened, however, when the 
material is moistened with water. Thus, 
according to Berthelot, when fulminate con¬ 
taining 6 % of water is subjected to impact, 
only the portion actually struck detonates; 
with 10 % of water it decomposes without 
detonation, and with 30% of water no decom¬ 
position is occasioned by friction or shock. 
These results, however, were obtained with 
small quantities of fulminate, and should 
not be presumed on in manipulating the sub¬ 
stance. 

According to Robertson (J.C.S. 1921, 119, 
18), the figure of insensitiveness to impact for 
mercury fulminate is 10 , as compared with a 
figure of 20 for lead azide and 100 for picric 
acid. 

According to Stettbacher a fall of 4 cm. for a 
2 kg. weight is necessary to cause explosion of 


mercury fulminate as compared with 6 cm. for 
nitroglycerin. 

Mercury fulminate may be detonated by heat, 
but in small quantities when unconfined it burns 
fiercely without explosion when ignited. When 
only slightly confined, however, even between 
sheets of paper, it explodes violently on ignition. 
Large quantities may be safely destroyed by 
burning in a train after mixing with oil. Mercury 
fulminate can be exploded by an electric spark 
from an induction coil, or by contact with 
strong sulphuric acid. It can also be exploded 
by contact with a wire heated to incandescence 
by means of an electric current, but in vacuo 
only the part actually in contact with the wire is 
fired. 

The explosion-point of mercury fulminate 
depends, as in the case of many other explosives, 
on the form of apparatus used and the rapidity of 
heating-up. Ignition takes place at a lower 
temperature if the explosive be slowly heated 
than when the heating-up is rapid. The 
quantity of material also affects the result of 
this test, the explosion-point being lower as the 
amount of fulminate is increased, up to a limiting 
weight. The results arc, no doubt, influenced 
by the heat of decomposition of the material 
before ignition occurs. In view of the wide 
discrepancies in the published figures for the 
explosion-point of mercury fulminate, this 
subject has been examined by Patry {op. cit.), 
who found that, using a mercury bath on to 
the surface of which fulminate was projected 
in portions of 0-1 g., instantaneous explosion 
occurred at 277^, and delayed explosion at 
lower temperatures after an increasing interval 
of time down to a minimum temperature of 
136”C., at wliich the delay was 39 minutes. 
Below this temperature no explosion occurred 
under these conditions. These results refer to a 
grey fulminate of 99% purity. Similar figures 
were obtained using white fulminate, the main 
difference being that the periods of delay were 
somewhat longer in this case. The temperature 
of instantaneous explosion of the recrystallised 
material (99-7% pure) was found to be 287°C. 
The explosion-points and period of delay were 
found to be independent of the state of division 
of the fulminate, material retained on a 60-mesh 
sieve and that passing a 200 -me 8 h giving almost 
I identical results. The use of a larger quantity of 
I fulminate resulted in a lower minimum tempera¬ 
ture for delayed ignition, 10 g. exploding at 
about 116°C. after a period of over 7 hours. 

The velocity of detonation of mercury 
fulminate is given by Kling and Florentin 
(M4m. Poudres, 1913, 17, 154) as 2,250 m./sec. 
at a density of 1*26 ; Robertson (J.C.S. 1921, 
119, 19) gives 3,000 m./sec. for the loose 
material; and Kast 6,600 m./sec. (calculated) at 
a density of 3*5. In view of these wide varia¬ 
tions, and having in mind that the velocity of 
I detonation is appreciably affected by degree of 
confinement, diameter of container and intensity 
of impulse, Patry {op. cit.) carried out a series of 
experiments in which the fulminate was stemmed 
into glass tubes of various diameters and fired 
by a No. 7 detonator (1*6 g. of fulminate). 
The velocity of detonation as determined by the 
ohrono-photographio method of Mallard and 
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Le Chateller (Ann. Mines, 1883, 4 , 274) was as 
foUows: 

Dia. of tube 

(mm.). . 9 9 13 13 13 7-5 

Density of 

charge . 0-85 1-25 1 1-35 1-45 1-45 

Velocity 

(m./sec.) . 2,2702,7002,500 3,0003,300 2,700 

The accuracy of these figures is limited by the 
conditions of the experiment to a possible error 
of about 5%. 

Genebal. —The molecular constitution of 
mercury fulminate was established by Nef in 
1894 as being of the carbylamine type, the 
structural formula being as follows : 

C:NOHgON:C 

The products of detonation of mercury 
fulminate are carbon monoxide, nitrogen and 
metallic mercury. When detonated in an 
atmosphere of nitrogen Berthelot and Vieille 
found that 1 g. of fulminate gave 234-2 ml. 
of gases, consisting of CO 2 0-15%, CO 
66-70%, N 32-26% and H 1-89% by volume. 
This is in substantial agreement with the follow¬ 
ing decomposition equation (requiring 235-6 ml. 
of gas per g.) : Hg(CNO)2=2CO+2N-f-Hg. 
From these results and from an estimation of the 
mercury, they obtained for the composition by 
weight of mercury fulminate, C 8-35%, Hg 
71-30%, N 9-60%, O 11-05%, H 0-04%, total 
100-34%, every constituent having been 
estimated. This confirms the accepted formula 
HgCaNaOg, requiring C 8-45%, Hg 70-42%, 
N 9-86% and O 11-27%. The fulminate 
analysed contained a trace of metallic mercury 
and the presence of hydrogen indicates that the 
material was not entirely free from other 
impurities. 

The decomposition in accordance with the 
above equation disengages 114-6 kg.-cal. at 
constant pressure per 284 g. fulminate, the 
mercury supposed liquid ; for mercury gaseous 
99-1 kg.-cal., or per kg. of fulminate 403 kg.- 
(^al. and 349 kg.-cal. respectively. Mercury 
fulminate is an endothermic substance, its 
heat of formation from the elements being 
—62-9 kg.-cal. per 284 g. or —221-6 kg.-cal. 
per kg. 

The pressure produced by the detonation of 
mercury fulminate in a space entirely filled by it 
has been estimated by Berthelot and Vieille 
(Annalen, 1880, 201 , 669) in the crusher-gauge 
apparatus of the former; they found it to be 
more than twice that of nitroglycerin and 
about three times that of guncotton, detonated 
in spaces filled by the explosives (but including 
the interstitial air of the guncotton). They 
attributed the power of mercury fulminate in 
effecting detonation to the greatness of this 
pressure, coupled with its sudden development. 

The effect of the detonation of fulminate and 
fulminate compositions is always quite local. 
The sharpness of the explosion is no doubt 
connected with the fact that the products of 
detonation do not undergo dissociation, and so 
the explosive reaction is not prolonged by this 
phenomenon, as in the case of other detonators. 


The larger the crystals of fulminate, the more 
easily can it be detonated, and the greater the 
explosive effect; for this reason, brown or 
grey fulminate is slightly more powerful than 
white. 

Physiological Effects. —Mercury fulminate 
has a sweetish, metallic taste, and is usually 
stated to be very poisonous. However, fungi 
frequently grow on the linen bags and wooden 
barrels in which fulminate is stored, in contact 
with its saturated solution in water, and work¬ 
men engaged in handling wot fulminate do not 
show signs of mercury poisoning. A non- 
poisonous property would accord more with the 
fact that an aqueous solution of mercury 
fulminate does not give the reactions for mercury 
ions. 

Testing. Microscopical ExamiTuUion .— 
The ciystals should be well defined, of uniform 
size and free from visible impurities. Metallic 
mercury can sometimes be detected. 

Total Mercury is estimated by dissolving the 
sample in strong ammonia or a solution of 
potassium cyanide precipitating with ammonium 
sulphide, and weighing the mercury sulphide as 
usual. The sample should be dried, preferably 
in an atmosphere saturated with mercury 
[ vapour to prevent loss of free mercury. Com- 
I mercial samples generally contain about 
[70'5%Hg. 

Fulminate Value is obtained by a modification 
of Brownsdon’s method described by Philip 
under the name of the “ Bofors method ” (Z. ges. 
Schicss- u. Sprengstoffw. 1912, 7,180). 0-3 g. of 
the fulminate is dissolved in 50 ml. of Nj 10 
thiosulphate containing 3 g. of potassium 
iodide. The main reaction is represented by 
the following equation : 

Hg(CN0)24-2Na2S203+2H20 

= HgS40e-fC2N2q4Na0H 

The cyanogen reacts with the caustic soda to 
form cyanide and eyanate, but on the addition 
of acid cyanogen is regenerated. If the alkaline 
solution is allowed to stand, the alkalinity 
diminishes, due to the formation of sulphate 
and thiocyanate from the tetrathionate, cyanide 
and eyanate: 

HgS^Og-fNaCN+NaOCN-bNaOH 

-HgS044-2Na2S04-bNaSCN+H20 

This secondary reaction can bo n-strained by 
the addition of a large excess of thiosulphate or 
preferably by the addition of potassium iodide. 

The free alkali is determined by JV/IO sulphuric 
acid, using Methyl Orange as indicator, and the 
excess of thiosulphate may also bo determined 
by titration with NjlO iodine and starch. 

Each ml. of N110 acid used in the titration is 
equivalent to 0-007115 g. of mercury fulminate 
and each ml. of A^/10 thiosulphate is equivalent 
to 0-01423 g. Hg(CNO) 2 . Pure fulminate should 
give identical results by the two titrations. 
Commercial supplies give from 98*5 to 99-6% 
by this method of estimation. The whole 
operation can be carried out in 6 minutes, 
and any delay should be avoided in order to 
prevent the introduction of errors due to side- 
reactions. 
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Another method proposed by Langhans 
(J.S.C.I. 1919, 38, 398A, and Z. anal. Chem. 
1918, 67, 401) depends on the volumetric 
determination of the hydroxylamine formed 
when mercury fulminate is dissolved in hydro¬ 
chloric acid. 3 g. of the sample are dissolved in 
12-16% hydrochloric acid and the solution is 
diluted with the acid to 100 ml; 6 ml. of this 
solution are mixed with 60 ml. of iron alum 
solution, the mixture is boiled for 18 minutes, 
then diluted with 80 ml. of dilute sulphuric 
acid (containing 0 ml. of H 2 SO 4 ), and titrated 
at 60°C. with iV/20 permanganate solution. 

The iron alum solution consists of ferric alum 

5 g., 30% sulphuric acid 2-5 ml., water to 
100 ml. 

Using the above quantities, 100% mercury 
fulminate is equivalent to 84*48 ml. of per¬ 
manganate solution. 

Free, Mercury is determined by dissolving 
the sample in strong ammonia or other solvent, 
filtering and washing the residue and deter¬ 
mining the free mercury by extraction with 
dilute nitric acid after removing mercury 
compounds by w^ashing with strong hydrochloric 
acid. The free mercury may also be estimated 
visually by examining the residue micro¬ 
scopically before extracting with acid. 

Oxalate is determined in the filtrate from the 
mercury sulphide in the total mercury estimation 
by adding ammonium chloride and calcium 
chloride. 

Rathsburg (Her. 1921,54, [B], 3186) prefers to 
dissolve the material in ammonia, separate the 
pure fulminate by adding ex<!es 8 of acetic acid, 
and then precipitate the oxalate in the filtrate 
by addition of calcium chloride. This method is 
cleaner than the sulphide method and avoicis 
the risk of contamination of the calcium 
oxalate precipitate with sulphate res\dting from 
partial oxidation of the ammonium sulphide. 

Carbon and Nitrogen may be estimated by a 
careful combustion, the fulminate being mixed 
with a large excess of copper oxide. The 
mercury is absorbed by gold leaf placed in the 
calcium chloride tube. 

Explosive Power is measured by firing in lead 
blocks (Trauzl test). 20 grains are fired 
electrically in a cylindrical lead block, 6 in. 
high and 4 in. in diameter, with an axial central 
hole 0*25 in. in diameter and 3 in. deep. The 
enlargement of the cavity formed, measured by 
running in water from a burette, is an index of 
the explosive power, as compared with that of 
standard samples. 

Trinitroresorcinol—Styphnlc Acid. 

Trinitroresorcinol itself is not used to any 
appreciable extent in the explosive industry, but 
its lead salt is employed as an ingredient in cap 
compositions. 

Manufacture. —Trinitroresorcinol can be pre¬ 
pared by dissolving resorcinol in an equal weight 
of hot water, allowing to cool to 50®C., adding 

6 parts of nitric acid (sp.gr. 1*45) and pouring the 
solution into 20 parts of cold sulphuric acid. 
The mixture is allowed to stand for about 
half an hour and then cooled with ice water, 
after which the trinitro body separates out. 


Purification is effected by recrystallisation from 
hot water. 

Properties. —Trinitroresorcinol occurs in yellow 
prisms which melt at 176'6°C. It is soluble in 
water, alcohol and ether. It has distinctly 
acidic properties and forms metallic salts of a 
highly explosive character. 

Lead Trinttroresorcinate (or Styphnate). 
—This compound is prepared by dissolving 
100 g. of trinitroresorcinol and 43-26 g. of sodium 
carbonate in water and then adding a boiling 
solution of lead nitrate containing 135-17 g. of 
Pb(NO,)j and acidified with acetic acid. The 
mixture is stirred, and after a few minutes 
crystals of the lead salt are deposited. The 
crystals are filtered off, washed with a little 
alcohol and ether and then dried in a current of 
air. 

Properties. —Lead styphnate forms orange- 
yellow crystals containing 1 mol. of water of 
crystallisation and having a sp.gr. of 3*1. 
According to Kast, it is less hygroscopic than 
cither fulminate of mercury or lead azide. 
8 tettbachcr, on the other hand, states that it is 
distinctly more hygroscopic than either of the 
latter initiatory explosives, and that tho water 
is lost on warming, but regained on storage in a 
moist atmo 8 j)here (Nitrocellulose, 1937, 8, 

31). Ac(!ording to the latter authority, lead 
styphnate is somewhat less sensitive to blows 
than azide or fulminate, a fall of 14 cm. of a 
600 g. weight being required to cause explosion, 
w'hereas fulminate only requires a fall of 12 cm. 
The lead block expansion is given as 29-0 ml. 
for the styphnate as compared with 33-0 ml. 
for fulminate, and the velocity of detonation is 
5,200 m./sec. for the Ibrmer at a density of 2-9 
and 5,400 m./sec. at a density of 4-2 for the 
latter. It detonates immediately when heated 
at 260X\ and, according to Kast, if it is heated for 
25 hours at 200 °, explosion occurs. 

Tetracene (Tetrazene). Guanylnitroso- 

aminoguanyl-tetracene. 

NH NH 

li i 

C-N-N-NH-NH-C 

I i 

NH-NH-NO NH, 

This was first prepared by Hofmann and Koth 
(Ber. 1910, 43, 683, 1087), and its manufacture 
and properties have been described by Rinken- 
bach and Burton (Army Ordnance, 1931,12,120). 

Manufacture. —Tetracene can be obtained by 
dissolving 5 g. of aminoguanidine dinitrate in 
30 g. of water cooled to 0°, and adding 2-6 g. 
of sodium nitrite which has been previously 
dissolved in 16 g. of water. The solution is 
maintained at a temperature of about 10°C. and 
finally 0*5 g. of acetic acid is added. After the 
tetracene has separated out it is collected on a 
filter, washed with water, alcohol and ether, 
and then dried. It can also be prepared by 
placing aminoguanidine sulphate and sodium 
nitrite in a large beaker and adding water 
heated to 30°C. The heat of the reaction causes 
the water to boil, and after standing for 2-3 
hours the separated tetracene can be filtered off, 
washed and dried. 
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Properties. —Tetracene is a yellow, fluffy solid 
of low density which is practically insoluble in 
water, alcohol, ether, benzene, carbon tetra¬ 
chloride or ethylene clichloride. It is decom¬ 
posed by boiling water, but is practically non- 
hygroscopic, adsorbing only ()'77% of its weight 
at 3(PC. when exposed to an atmosphere of 9()% 
relative huniidity. Its apparent density is 
only 0-45, but when subjected to a pressure of 
3,000 lb. per scj. iti. the density is raised to J-Ofl. 
When heated, tetracene explodes at 16(rC. 
It is slightly more sensitive to impact than 
mercury fulminate;. 

Trinitrotriazidobenzene. 

This modern initiating explosive was first 
prepared by Turek in 1923, and its manufacture 
has recently been perfected by the same worker. 

Manufacture. —Aniline, is used as raw material 
in its production, this material being successively 
converted by a series of operations into sym- 
trichloraniline—fiym-trichlorbenzene—trichloro- 
trinitrobenzene and finally, by treatment of the 
latter compound with an alcoholic solution of 
sodium azide, into trinitrotriazidobenzene. 

Properties .—Trinitrotriazidobenzene occurs in 
greenish-yellow (rystals which are readily 
soluble in acetone or chloroform but only 
slightly soluble in ethyl alcohol and insoluble in 
water. Its absolute; density is 1-81 and under 
high presHuie an apparent density of 1*75 can be 
obtained. It is non-volatile, non-hygroscopic 
and is not afl’ected by carbon dioxide, acid 
fumes, dilute acids or alkalis and does not 
attack metals. When heated at IST^C. it decom¬ 
poses with the evolution of nitrogen. On 
ignition in the un confined state it burns with a 
bright smokeless flame, but when compressed in 
a tube and ignited it explodes with violence. 

Trinitrotriazidobenzene is less sensitive to 
shock and friction than mercury fulminate, 
but its sensitiveness can be increased by the 
addition of pow dered glass. 

H exam ethylenetriperoxidedi amine, 

H.M.T.D. 

.CHg-O -O CHo>. 

CHg-O-O-CHg 

The use of this wholly organic explosive as an 
initiator was patented by von Girsewald (G.P. 
274522). 

Manufacture .—Von Girsewald prepared this 
material by dissolving 28 g. of hexamethylene¬ 
tetramine and 42 g. of citric acid in 140 g. of a 
30% solution of hydrogen peroxide, the solution 
being well shaken. After standing some time 
the solution deposits hexamethylenetriperoxide- 
diamine in fine, colourless, rhombic crystals. 
The compound is purified by washing, first with 
water and then with alcohol. 

According to Rinkenbach and Taylor (Army 
Ordnance, 1924, 6, 463) this explosive may be 
prepared by the following method ; 14 g. of hexa¬ 
methylenetetramine are dissolved in 45 g. of 
30% hydrogen peroxide wliich is cooled in ice 
water. 21 g. of citric acid are then added, 
the liquid meanwhile being kept cool until 


solution has been effected. The solution is 
allowed to stand for 3-4 hours with frequent 
agitation and the temperature allowed to rise 
very slowly until after about 2 hours it has 
reached normal room temperature. The pre¬ 
cipitated crystals are filtercc' off, washed with 
water and alcohol and then dried at 30-4()''(^. 

Properties .-—When prepared by the latter 
method the ])roduct is in tht' form of a pun* 
w’hite, odourless powdci- which has a density 
of 1-57. 

According to Tatry, hexnmethylcnetripcr 
oxidediamine, if placed on a surface hinited at 
235"0., detonates immediately, but at 133'^(h 
requires heating for 85 seconds before explosion 
occurs. 

Taylor and Rinkenbach (J. Franklin Inst. 
1927, 204 , 369) state that the temperature of 
ignition is 200"C. and that using a 500 g. weight a 
fall of 8 cm. is retpiired to cause explosion as 
compared with 24 em. for fulminate of mercury. 

Cap Compositions. 

Percussion caps wt*re invented by Egg in 
1815, Forsytb having suggested the percussion 
system of ignition in 1807. Jn f bc early caps 
pure fulminate was used agglomerated by means 
of wax or an arpieous solution of gum. Jn later 
igniting compositions mercury fulminate and 
potassium chlorate were mixed with other com¬ 
bustible substances such as antimony sulphide, 
sulphur and mealed powder to increase the size 
of the flame and ensure ignition of the powaler. 
Powdered glass is frequently added to increase 
the frictional surfaces and sensitiveness of the 
composition. The best initiatory mixture for 
any particular (!ompo8ition and form of pro¬ 
pellant has to be found largely by experiment. 

The quality of the antimony sulphide suitable 
for use in cap compositions has been investigated 
by Cushman (Ind. Eng. Chem. 1918, 10 , 376). 
He considers that there is no necessity for 
requiring the material to be of a high degree of 
purity and states that satisfaertory ])rimers can 
be prepared with antimony sulphide containing 
about 80% SbgSg and 18% of antimony oxide. 
The presence of appreciable quantities of iron 
and lead sulphides is not regarded as deleterious, 
and although a liigh ])er(;entHge of silieeouH 
matter is considered to be (fl)jectionable, Cush¬ 
man considers that from 2 to 3% of this im]>unty 
is not excessive. 

Potassium chlorate suffers from the dis¬ 
advantage that on combustion of the com¬ 
position it yields potassium chloride, which 
tends to corrode the rifle barrel. In several 
commercial cap compositions it has been wholly 
or partially replaced by barium nitrate. This 
latter material, however, reduces the sensitive¬ 
ness of the composition and it is necessary, 
therefore, to increase the percentage of fulminate 
or add other sensitising agents. 

A cap composition must be neither too slow' 
nor too rapid in its rate of burning. If tor* 
slow, much of the heat of combustion may be 
conveyed to the metal parts and irregular 
ignition of the propellant or even missfires may 
occur, and, on the other hand, if too rapid, the 
charge of propellant is tlisturbed and uneven 
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ignition and irregular firing results are obtained. 
There should be a certain proportion of solid 
ingredients of high specific heat in the com¬ 
bustion products in order to facilitate ignition. 

For use with black gunpowder the British 
Service cap composition was a mixture of 
37*6% mercury fulminate, 37*5% potassium 
chlorate and 26% antimony sulphide with, in 
some cases, 12-5% ground glass, the charge being 
0*22-0*26 grain per cap. A mixture of similar 
composition was used by most other countries. 

For smokeless powders, which are more 
difficult to ignite, a slower burning mixture 
with a longer flame is necessary. The British 
Service cap composition for cordite for small-arm 
ammunition is composed of mercury fulminate 
19%, potassium chlorate 33%, antimony 
sulphide 43%, sulphur 2-5% and mealed gun¬ 
powder 2*5%. In German sraall-arm caps the 
composition consists of mercury fulminate 
27 parts, antimony sulphide 29 parts, potassium 
chlorate 37 parts, glass powder 6 parts and 
shellac 0*6 part. For artillery cartridges less 
fulminate is used, the following compositions 
being typical: 

(1) Mercury fulminate 15%, antimony sul¬ 

phide 33%, potassium chlorate 46%, 

glass powder 7%. 

(2) Mercury fulminate 7%, antimony sul- 

ifiiide 30%, potassium chlorate 45%, 

mealed gunpowder 14%, glass powder 

4 %. 

lu addition, 0-0 part of shellac is added to every 
100 parts of the mixture. 

The use of zirconium in primers in per¬ 
cussion caps has been suggested (B.P. 393449). 
It is claimed that this ingredient, when in the 
form of a fine powder, ignites readily at low 
temperatures, thus giving easier ignition and 
increased sensitivity to the composition. It is 
also stated to form a protective coating in the 
rifle barrel, thus reducing corrosion. The 
following is an example of a typical composition 
of this type : zirconium 10%, mercury fulminate 
35%, barium nitrate 40% and antimony sulphide 
15%. 

In view of the fact that mercury produced on 
firing mercury fulminate compositions tends to 
amalgamate with the cartridge cases, rendering 
them unfit for reloading, fulminate-free com¬ 
positions have been proposed. The following 
composition of this type has been patented 
(B.P. 412460) : lead dinitrophenylazide 15-20%, 
silver salt of tetrazene 7-12%,. barium nitrate 
17-35%, lead peroxide 10-26%, antimony sul¬ 
phide 15-26%, calcium silicide 0-10%. Methods 
for the preparation of the lead dinitrophenyl¬ 
azide and the silver salt of tetrazene are described 
in the above patent. 

Another type of fulminate-free composition 
has been proposed in which basic lead tri- 
nitroresorcinate is used (U.S.P. 2002960). A 
typical composition contains basic lead tri- 
nitroresorcinate 22%, lead dinitrophenylazide 
8 %, double salt of potassium and barium 
nitrates 40%, antimony sulphide 23%, calcium 
silicide 7%. 

Manufacture ,—Owing to the extreme sensitive¬ 
ness of cap compositions great care has to be 


exercised in mixing the ingredients. In England, 
mixing is usually carried out by the dry method 
in which the ingredients, about ^-2 lb. in weight, 
are placed in a silk or light leather bag, the 
upper end of which is attached to a frame. 
To the inside of the apex of the bag is attached 
a cord, carried over pulleys, which can be 
operated behind a screen. By pulling the 
cord the bottom of the bag is raised, thus 
tinning over the contents and mixing them. 
On releasing the cord the bag returns to its 
normal position owing to the weight of the 
composition. After mixing is completed the 
cord is pulled so that the bag is turned inside 
out and the composition is allowed to fall into a 
suitable receptacle. 

In some Continental countries mixing is 
effected by the wet process described by Hagen 
(Z. ges. Schiess- u. Sprengstoffw. 1911, 6, 201). 
The fulminate and other ingredients are mixed 
together by hand in a dish with sufficient 
solution of gum arabic to wet it thoroughly. 
The mixture is then granulated by passing it 
through a sieve, after which it is dried at a 
temperature of 30-35°C. It is again sieved 
and the very coarse and very fine portions 
rejected. 

As an alternative, an alcoholic solution of shellac 
may bo used as the binding agent. 

I Detonators. 

Ill order to bring about the detonation of the 
more insensitive explosives, it is usual to 
employ a detonator which may be fired either 
by means of safety fuze, detonating fuze or 
electrically. The simplest form of detonator 
consists of a drawn copper tube closed at one 
end and filled with a charge consisting of 
fulminate of mercury, or more usually a mixture 
of fulminate and potassium chlorate containing 
80% of the former and 20% of the latter. 

Iletonators of different strength are dis¬ 
tinguished by numbers which are the same in 
nearly all countries. 

The following table gives the charge for the 
various commercial detonators: 

No. 1 2 3 4 5 6 7 8 9 10 

Charge 

(in g.) 0-3 0-4 0-54 0*65 0-8 1-0 1-5 2-0 2*6 3 0 

Nos. 5 and 6 are usually used for nitro¬ 
glycerin explosives and No. 7 for ammonium 
nitrate explosives. 

Detonators in which one end is left open can 
bo fired by means of safety fuze, the end of which 
is inserted into the detonator and held in 
position by constriction of the detonator tube 
by means of a special pair of pliers. 

Electric detonators are now being largely 
used. These are of two kinds, namely high and 
low tension. The former are fired by an electric 
spark passing between two points through a 
priming mixture, whereas in the latter ignition 
takes place by the electrical heating of a fine 
platinum wire by a current of low voltage. In 
the low tension t}^ the platinum wire, instead 
of being imbedded in the detonating mixture, 
has a bead of sulphide of antimony and potassium 
chlorate attached to it which, on ignition. 
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flashes on to the detonating mixture and causes 
it to explode. In these detonators the mouth 
of the tube is closed by means of a mixture of 
bitumen and sulphur. 

Composite Detonators.—As the name 
implies, this type of detonator contains explo¬ 
sives other than fulminate and chlorate, but the 
charge is so adjusted that it is as powerful as 
that of the corresponding number containing 
only fulminate and chlorate. In the manufac¬ 
ture of these detonators a charge of trotyl, 
tetryl or other explosive is introduced into 
the detonator tube, then a small quantity of 
fulminate is added, over which is placed a 
reinforcing cap which gives it extra confinement, 
and the whole is compressed. 

Typical charges for composite detonators are 
as follows: 

No. 5 6 7 8 

Tetryl (g.) . . . 0-3 0-4 0-75 0-9 

Mercury fulminate 

(g.) .... 0-3 0-4 0-50 0*5 

Testing of Detonators. Lead Plate Test .— 
In this test the detonators are fired, usually in an 
upright position, on a ^-in. lead plate. The 
power of the detonator is judged by the size of 
the depression or hole produced, and also the 
number and depth of the striations produced 
on the surface of the lead. 

Nail Test .—In this test the detonator is 
attached to a 4-iii. wire nail by means of a piece 
of copper wire in such a manner that the bottom 
of the detonator points to the head of the nail 
but is at a distance of 1} in. from it. The 
nail and detonator are parallel to one another, 
but direct contact is prevented by two copper 
wires of 0-025 in. diameter being placed round 
the detonator near each end. The whole is 
suspended by the leads and then fired. The 
angle to which the nail is bent indicates the 
strength of the detonator. 

XI. MISCELLANEOUS EXPLOSIVES. 

Sprengel Explosives. —Sprengel (B.P. 921 
and 2642, 1871) suggested the use for blasting 
purposes of a new class of explosives consisting 
of mixtures, made immediately before use, of an 
oxidising agent and a combustible substance, 
in themselves non-explosive. Some of the 
explosives of this type are very powerful and 
they have the advantage that their consti¬ 
tuents can be safely transported and stored. 
Since, however, they are really manufactured 
when the mixing takes place, their use in many 
countries is forbidden, as this manufacture can 
only be authorised in a duly licensed factory. 

Sprengel proposed mixtures of nitric acid 
(sp.gr. 1*5) with nitrobenzene, naphthalene, 
nitronaphthalene and picric acid, and of porous 
cakes of potassium chlorate with such com¬ 
bustible liquids as carbon disulphide, nitro¬ 
benzene, petroleum and benzene, the mixtures 
being made in the proportions required for 
complete combustion. 

By adopting the Sprengel principle the use of 
chlorate explosives may be made reasonably 
safe, and considerable quantities have been 
used in the United States and on the Continent. 
VoL. TV.—35 


One objection to them is that, unless great care 
is taken in the dipping, variable quantities of 
liquid are adsorbed and uneven effects and 
possibly only partial detonation may result. 
They are sometimes primed with gunpowder, 
and in this case precaution is necessary to avoid 
admixture of the priming and the chlorate. 

Packarock^ which has been used to a con¬ 
siderable extent in America and Kussia, is a 
mixture of powdered potassium chlorate 79% 
and nitrobenzene 21%. In preparing this 
explosive the chlorate, contained in cotton bags 
suspended in a wire cage attached to a spring 
balance, is dipped in the nitrobenzene until the 
requisite weight of liquid has been adsorbed. 
The above proportions were found by Abbott 
to give the maximum effect under water, the 
intensity of action being 108% of that of 
dynamite No. 1. 

Rackarock Special cf)ntains, in addition, from 
12 to 16% of picric acid. Sometimes “ dead 
oil,” which consists chiefly of coal-tar hydro¬ 
carbons, or a mixture of this with nitrobenzene, 
was used. 

Explosive Og ov Promithie is a French Sprengel 
explosive in which the liquid combustible is a 
mixture of nitrobenzene, turpentine and 
naphtha, and the adsorbent oxygen carrier is a 
mixture of potassium chlorate and manganese 
dioxide. The impregnating liquid, which may 
contain 50-60% nitrobenzene, 16-20% turpen¬ 
tine and 25-30% naphtha, is present to the 
e.xtent of 8-13% in the mixed explosive. The 
oxygen carrier, which constitutes the remainder 
of the explosive, consists of 80-95% ])otassium 
chlorate and 5-20% of manganese dioxide. 

Hdlhoffite, introduced by Hcllhoff, was a 
mixture of dinitrobenzeno and nitric acid. 
It was tried in shell, the two substances mixing 
during the flight or impact of the projectile. 

Panclastites. Turpin patented a similar class 
of explosives to the Sprengel type (B.P. 4544, 
1881; 1461, 1882). He proposed the use of 
carbon disulphide, nitrobenzene or light petro¬ 
leum with liquid nitrogen peroxide. When 
used in shell the two constituents were contained 
in glass vessels which, on impact, wore shattered, 
thus allowing the material to mix, in which 
condition they can be readily exploded by a 
detonator. 

In spite of the difficulty in manipulating 
liquid nitrogen peroxide a considerable quantity 
of such explosives was used for filling aerial 
bombs during the war of 1914-18. 

Liquid Air and Liquid Oxvoen Explo¬ 
sives. —Sprengel himself called attention to the 
possibilities of liquid oxygen as a constituent of 
explosives, but the first explosive of this type 
was introduced by Linde in 1897 (Z. ges. 
Schiess- u. Sprengstoffw. 1906, 1, 87). In 
the earlier forms of the explosive, liquid air 
was absorbed in cotton wool, wood charcoal 
and other combustibles. These mixtures were 
found not to detonate very readily and sub¬ 
sequently kieselguhr and charcoal wore used as 
adsorbents, sometimes wdth the addition of liquid 
petroleum. Liquid oxygen was also substituted 
for the liquid air. This improved the detonation, 
but made the explosive unduly sensitive to 
blows. In preparing the explosive the porous 
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case containing the adsorbent was dipped in a 
vessel of liquid air or oxygen and the resulting 
cartridge fired in the usual way by means of a 
detonator or safety fuze. These explosives were 
patented under the name of Oxyliquit. At the 
present time liquid oxygen is used almost 
exclusively and the explosive is designated by 
the letters L.O.X. 

The preparation and properties of L.O.X. 
explosives have been des(Tibed in considerable 
detail by Perrott and Tolch (U.S. Bureau of 
Mines Bulletin 349, 1932), who state that the 
most important requirement of an L.O.X. 
cartridge is that it shall detonate with good 
strength a considerable time after it has been 
dipped. Evaporation of oxygen begins 
immediately after th(i cartridge has been 
removed from the dipping (container and 
continues until the cartridge is fired. The rate 
of evaporation of the oxygrm depends to a 
very large extent upon the particle size of the 
adsorbent. If the particles are of colloidal 
fineness, as in the case of lampblack, the surface 
exposed is so large that very little of the adsorbed 
liquid is out of range of the surface forces, 
hence no liquid is lost by dripping from the 
saturated cartridges, and as evapoi'ation takes 
place the liquid in the interior of the r artridge 
is not drawn by capillarity to the outer surface. 
If, however, the combustible is composed of 
larger particles such as wood pulp, much of' the 
liquid is held very loosely in the form of droplets 
and part of it drips from the cartridge 
immediately after it is removed from the dipping | 
container. As evaporation takes place, a large 
proportion of the remainder is drawn by 
capillarity to the outer portion of the cartridge ; 
hence, evaporation takes place at a greater rate 
than in the case of the extremely finely divided 
adsorbent. 

According to Perrott and Tolch (lx.) the 
optimum packing density for lampblack cart¬ 
ridges 1| in. in diameter is about 0-3 g. per ml. 
These cartridges have a life, for evaporation to 
the condition consistent with (jompleto com¬ 
bustion, of 5 minutes, and at this stage a pro¬ 
pulsive strength per unit volume, as determined 
by the ballistic pendulum, 15% greater than 
that of the standard dynamite. Even after the 
cartridges have evaporated for 25 minutes the 
strength is still 65% of that of the dynamite. 

Oil-kieselguhr mixtures have a fair initial 
strength, but deteriorate rapidly as the period of 
evaporation increases. For example, a mixture 
of 40% fuel oil with 60% kieselguhr has a 
strength of 90% of that of dynamite after 
evaporating 5 minutes, but in 15 minutes it has 
fallen to 45%. 

L.O.X. explosives have the advantages that no 
magazines are required and there is no danger 
in transporting the ingredients. Furthermore, as 
the cartridges are gradually rendered inert by 
evaporation the danger of unexploded cartridges 
in the blasted material is practically eliminated. 
L.O.X. explosives have the further advantage 
that they can be used in very cold climates, 
being unaffected by low atmospheric tempera¬ 
tures. 

On the other hand, these explosives under 
certain conditions give rise to large quantities 


of carbon monoxide, and as they readily ignite 
firedamp they are not suitable for use in coal 
mines. They are also rather sensitive to impact 
and friction, but not more dangerous, however, 
in these respects than some of the dynamites. 

XII. TE8TING OF EXPLOSIVES. 

Practically all explosiv'es require testing before 
use in order to ascertain their degree of purity 
or their stability, the latter being especially 
important so far as propellants are concerned. 

The tests to be applied vary with the nature 
of the explosive. For non-compounded explo¬ 
sives such as trinitrotoluene, picric acid, etc., 
determination of the moisture, setting-point and 
ash are of importamio, whereas fur compounded 
explosives chemical analysis, s('nsitivity to 
shock, behaviour on ignition, etc., may be 
nece.ssary. in the case of ex])losivcs (!ontaining 
nitroglycerin, examination for exudation, present 
or potential, is essential. The development of 
acidity as shown by the reddening of blue litmus 
paper often indicates decomposition. 

A number of tests have already been given 
under the deHcri])tions of tlu' various explosives. 

Molstuhk Tests. 

The determination of moisture in ex])losiveH is 
of considerable importamte, as an excess may 
lead to failure to detonate or (*ause deterioration 
during storage. 

In explosives containing certain volatile 
ingredients such as dinitroglycol, the usual 
drying methods are somewhat unsatisfactory for 
the determination of the moisture content. In 
such cases the following method devised in the 
U.S. Explosive Chemical Laboratory (U.S. 
Bureau of Mines H.I. 3337) may be employed : 
50 g. of the explosive are weighed out into a 
500 ml. round-bottomed flask to which is 
attached a special moisture-collecting tube 
provided with a reflux condenser. From 150 to 
200 ml. of water-free carbon tetrachloride are 
added and the flask is heated on the water bath 
for 1 hour. The carbon tetrachloride and the 
water are volatilised and condensed, the 
distillate falling into the moisture-measuring 
tube where the water collects, the excess carbon 
tetrachloride returning to the flask. The 
measuring tube is graduated in 0-1 ml. and the 
moisture content can therefore be read directly. 

For the determination of small amounts of 
moisture in explosives containing volatile 
ingredients the following method may be used. 
One end of a glass tube, which tapers at each end, 
is closed with a thin layer of paraffin wax and a 
small plug of glass wool is inserted. 5 g. of the 
explosive are then placed in the tube, a further 
plug of glass wool inserted and the open end of 
the tube sealed with a thin disc of paraffin wax. 
This containe;r is then inserted in a V-shaped 
tube in which is a plug of glass wool supporting 
a layer of freshly broken calcium carbide. The 
whole apparatus is then immersed in a cold oil 
bath and connected at one end with a series of 
drying towers and at the other with two absorp¬ 
tion vessels. A stream of air is aspirated through 
the whole apparatus for about half an hour. 
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the absorption vessels being empty at this stage. 
At the end of this period 26 ml. of neutral silver 
nitrate solution (approximately N/2) are intro¬ 
duced into each of the absorption flasks and the 
temperature of the oil bath raised to 105°C., 
the stream of air being continued for 1 hour 
at this temperature. The absorption flasks are 
then disconnected and the contents filtered to 
remove th(‘ precipitated silver acetylide. The 
a(‘etylide is washed with water and the combined 
liltrates titrated with A/20 sodium hydroxide, 
the appearance of yellow silver oxide indicating 
the end-point. 

1 ml. of iV/20 alkali is equivalent to 0-0(K)45 g. 
of water or (using 6 g. of the sample) 1 ml. is 
equivalent to 0-009% by weight of moisture. 

The course of the reaction is indicated by the 
following equations: 

H 2 O 4 CaC„ CaO^CgHg 
CgHa+SAgNOa -CjAg^ AgNO,! 2 HNO 3 . 

kSTAinmTY Tests. 

Abel Heat —'J’his is the British ofticial 
heat test, which is applied to iiitro-explosives 
generally. The principle of tlu^ test is to note 
tile time required to ])roduce a standard tint, on a 
potassium iodide starch paper when the (‘xplosive 
is heated under specitied conditions. The 
explosive is weighed out into test-tubes about 
r)j-5^ in. long having a capacity of 20-22 ml. 
when filled to a lieight of 6 in. Each is 
])rovided with an indiarubber stopper fitted with 
a glass rod terminating in a platinum wire 
hook. On the hook is suspended a test paper 
about 10x20 mm. in area, the upper half of 
which is moistened with a mixture of equal 
parts of glycerol and water. The test-tubes are 
placed to a depth of 3 in. below the cover 
of a water bath, the temperature of which is 
carefully rf;gulatcd at the specified temperature 
(usually lOO-lSO'^E.). The water bath is a 
spherical copper vessel about 8 in. in diameter 
fitted with a cover having a number of circular 
holes (usually six), provided on the underside 
with clips to take the tubes. The bath is 
fitted with a thermometer, the bulb dipping 2| 
in. into the bath, and usually some form of 
temperature regulator. The test is complete 
when the faint brown line which appears at the 
junction of the wet and dry parts of the tost 
paper, which is adjusted to bo | in. above the 
cover, is equal in tint to the brown lino on a 
standard tint paper. 

Smokeless powders such as cordite are ground 
in a mill and sifted, the portion retained between 
two sieves having round holes 0-080 in. and 
0*032 in. diameter respectively being used for 
the test. 

The special requirements for dynamite and 
blasting gelatine have already been referred to 
{ 0 , Dynamite). 

Objections have been raised to this test on 
the grounds that it is purely empirical and 
depends largely on the conditions of its applica¬ 
tion ; further, that it is really a test for traces of 
unstable impurities and not of the absolute 
stability of the explosive itself. Guttmann, in 
1897, pointed out that the Abel test could be 
masked and falsified. With an explosive 


containing residual solvent such as acetone the 
test depends on decomposition of the nitro¬ 
compounds combined with the retarding 
influence of the solvent. In a similar manner the 
small quantities of stabilisers added to nitro- 
explosives influence the time of the test. This is 
of little importan(-e so long as those masking 
agents arc recognised (‘onstituenfs of the 
explosive and present in tlu ir normal amount or 
arc extracted before the test is taken, as the 
limits for the test arc fixed accordingly. 

Mercuric (^hloritle, which has a very strong 
masking effect on the heat u^st (as little as one 
part in .60,000 appreciably lengthens the heat 
test of cordite), is in some cotintries a recognised 
constituent of certain guncotton explosives with 
a view to sterilising them. Its use, however, 
is not permitted in this country. 

Modification of the Abel Heat Tent .—Gut tmann 
(•I.S.G.i. 1897, 16, 2S7) proposed a test })aper 
treated with dif)henvlamin(‘ dissolved in 
sulphuric; acid whic-h gives an intense blue 
colour with traces of nitrous acid, and Hoitsema 
(Z. angew. Chem. 1899, 12, 706) ])ropc)sed the 
same rcvigcnt usc'd in a different manner. 
Tins indicator works well with guncotton 
j c'xplosives, but. with nitroglycerin exjflosives the 
rcvsults are erratic and th(\y caj* also be rc^adily 
maskcMl. MetaphcnyleiUHliamine was suggested 
as the best rc;agent by Spica, but this reagent 
does not function well with nitroglycerin 
explc:)sives and nedther of these proposed 
modifications has been adopted. 

In Germany and some other countries zinc 
j iodide is used in place of potassium iodide in the 
preparation of the test papers. The use of zinc 
j iodide renders the papers more sensitive than 
I those prepared with the potassium salt. This, 
however, is a doubtful advantage, as the Abel 
test papers themselves are almost excessively 
sensitive. 

Reiss Test .—In this test, which is usually 
applied to high explosives of tho iiitro-class, 
heating of the explosive is effected in vacuo, the 
temperature of the bath and the time of heating 
varying with the type of explosive being 
examined. The decomposition tube is con¬ 
nected by means of a well-fitting stopper with a 
long mercury manometer tube in which the gas 
volumes are read off at intervals of some days 
and the results (corrected to N.T.P.) plotted and 
interpreted by reference to curves obtained 
from standard samples. 

Obermvller Test .—This test is similar to the 
Reiss test, exc^ept that the gas volumes are 
not measured, but the pressures exerted by the 
evolved gas, the xolume of whic'h is kept 
constant, are recorded. Mittasch (Z. angew. 
Chem. 1903, 16, 929) describes a similar test in 
which the gas evolution is automatically 
recorded. 

Power Tests. 

Trauzl Test {Lead Block Test ).—This test is 
based on the volume of the cavity produced 
when a given weight of an explosive is fired in a 
bore hole in a lead block of 8])ecified dimensions. 

The standard conditions for carrying out the 
test recommended by the 5th Intern. Congress 
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of Applied Chemistry, Berlin, 1903, are as 
follows; The dimensions of the lead cylinder 
are height 200 mm., diameter 200 mm., with 
an axial hole 126 mm. deep and 26 mm. in 
diameter. The lead must be pure and soft, 
and the blocks used in a series of tests must be 
cast from the same melt. When carrying out the 
test the temperature of the cylinder must 
be between 15 and 20° and must be uniform 
throughout the block. 10 g. of the explosive 
are formed into a cartridge 25 mm. in diameter 
by wrapping in tin foil weighing 80-100 g. per 
sq. m. An electric detonator with a charge of 
2 g. is inserted into the centre of the cartridge. 
The cartridge is gently pressed to the bottom 
of the bore hole by means of a wooden stick 
and the remainder of the hole filled with dry 
quartz sand which has been passed through a 
sieve having 30 meshes to the inch, the wire 
being 0-35 mm. thick. After firing, the cavity 
is brushed out and measured by running in 
water from a burette. The volume so obtained, 
less that of the original hole and the expansion 
produced by the detonator, gives the distension 
produced by the explosive. At least three tests 
should be made and the mean figure compared 
with that given by a standard explosive of 
approximately the same velocity of detonation. 
This test onlj^ gives satisfactory comparative 
results when they are made with the same type of 
high explosive. In the case of slow acting 
explosives such as black powder, the test is not 
satisfactory as the tamping is blown out before 
the full pressure has been developed. The 
results are also appreciably affected by the 
temperature of the explosion, aluminium 
explosives, which produce a very high tempera¬ 
ture, tending to give unduly high results. 
According to the Chemisch-Technische Reich- 
anstalt (Jahresbericht, 1920, V, p. 132) the 
temperature of the lead when cast should not 
exceed 400°C., since a higher temperature leads 
to small enlargements and greater variations 
between duplicate tests. 

Mortar Test .—In this test the distance to 
which a shot is thrown when propelled by a 
known weight of explosive is measured. Accord¬ 
ing to Barnett (“ Explosives,” London, 
1919, p. 181), the test is carried out as follows; 
10 g. of the explosive are weighed out into a 
wooden shell 30 mm. in external diameter and 
60 mm. deep, which is then inserted into the 
charge chamber of the mortar, which is of 
special design. A piece of safety fuze with a 
detonator attached at one end is passed through 
the central hole in the shot and the latter is 
then placed in position, the detonator being 
pushed well into the explosive. The shot weighs 
15 kg. and should be a good, but not too tight, 
fit in the bore. The mortar is securely fixed 
and usually set with its axis at an elevation of 
45°. The explosive is fired and the distance to 
which the projectile is thrown is measured 
and compared with that obtained with an 
equal weight of a standard explosive of similar 
nature. At least three shots should be fired. 

The following results represent the average 
throw of some standard explosives: blasting 
gelatin 240 m., gelatin dynamite 188 m., i 
gelignite 168 m. and dynamite No. 1 132 m. i 


Ballistic Pendvlum, —The ballistic pendulum is 
used to determine the relative weights of 
different explosives which when fired will 
produce similar deflection of the pendulum. 
This test is only comparative and an explosive 
of known composition is used as a standard. In 
America the standard explosive consists of a 
dynamite containing nitroglycerin 40%, sodium 
nitrate 44%, wood pulp 15% and calcium 
carbonate 1%. 

The ballistic apparatus consists of two essential 
parts, the cannon in which the charge is fired 
and the pendulum which receives the impact of 
the products of explosion and the stemming. 

In the American apparatus (Bureau of Mines 
Bulletin 15, 1912, p. 79), the pendulum consists 
of a 12-2 in. U.S. Army mortar w^eighing about 
14 tons suspended by IJ-in. steel rods at a 
distance of 89^ in. from a knife-edge bearing 
working on nickel-steel bed plates which are 
mounted on a beam supported by massive 
concrete pillars. The extent to which the 
mortar is deflected when the cannon is fired is 
measured by an automatic recording device. 
In carrying out the tost the cannon is loaded 
with a weighed charge of the explosive and an 
appropriate electric detonator inserted. The 
explosive is then tamped with 1 Ib. of dry clay 
if a high explosive, or 2 lb. for the slow'cr 
explosives such as gunpowder. The cannon is 
wheeled up to within in. of the mortar, made 
secure and the charge fired. Three trials of 
J lb. charge of the standard dynamite are made 
and the average swing noted. Tentative trials 
of the explosive under test are made until the 
charge gives a swing approximating to that given 
by the standard explosive. 

The “ unit deflective charge ” of the explosive 
under test, i.e. the weight of the explosive 
which will produce a swing exactly equal to that 
given by the standard charge, is then calculated 
from the following equation : 

St:Sd-W:U, 

where Sx^thc average swing produced by the 
explosive under tost, Scathe average swing 
produced by the standard charge, W=thc actual 
weight of the explosive under tost and U~thc 
unit deflective charge. 

Sand Bomb Test .—This method of testing the 
explosive power was developed for detonating 
explosives by Storm and Cope (U.S. Bureau of 
Mines Tech. Paper 125). A detonator charged 
with the explosive under examination is fired, by 
means of safety fuze or electrically, in the centre 
of 100 g. of sand contained in a cylindrical 
bomb, 21 cm. long and 9 cm. in diameter, 
having a cavity 16 cm. deep and 31 cm. in 
diameter. The bomb is fitted with a cover 
perforated to allow for the insertion of the safety 
fuze or the electric wires and held in position with 
a steel bar. The sand used is a pure quartz 
type capable of passing a 20-mesh sieve, but 
must all be retained on a 30-me8h sieve. After 
the detonator has been fired the sand is sieved 
through a nest of five sieves of 30, 40, 60, 80 
and 100 meshes to the linear inch, and the strength 
of the detonating charge is estimated by the 
amount of comminution of the sand. 

It was found that the total weight of the sand 
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which passes the 30*mesh sieve was a measure of 
the strength of the explosive. 

Storm and Cope found that the quantity of 
sand pulverised was directly proportional to 
the weight of the explosive charge in the 
detonator and also showed, for instance, that the 
strength of the mercury fulminate and fulminate- 
chlorate mixtures of different proportions as 
indicated by this test were in the same order as 
their relative efSciencies in initiating detonation 
in other explosives. 

Hopkinson Pressure Bar Test .—This method of 
determining the pressure or violence of a blow 
was devised by Hopkinson (Phil. Trans. 1914, 
213 , A, 437), and its use in connection with 
explosives has been described by liobertson 
(J.C.S. 1921, 119 , 20). 

This test has the advantage over other 
methods liitherto used in that it enables the 
time and pressure effects to be separated. 

The apparatus consists of a cylindrical steel 
bar which is suspended horizontally in such a 
way that it can swing in the vertical plane of its 
axis, and at the opposite end to which the blow 
is delivered a short length of steel bar, of the 
same diameter, known as the time-piece, is 
caused to adhere to the longer bar by a him of 
vaseline. When an explosive is tired near the 
end of the bar, the compression wave travels 
unchanged through the joint into the time¬ 
piece, but the film is unable to transmit a tension. 
Hence, when the amplitude of the reflected 
tension wave reaching the junction of the time¬ 
piece and the bar becomes greater than that of 
the compression wave, the time-piece is pro¬ 
jected off with a momentum which depends upon 
the pressure exerted by the explosive and the 
time taken by the wave to traverse the length 
of the time-piece. This momentum is measured 
by catching the time-piece in a ballistic pen¬ 
dulum and, the velocity of the propagation of 
the wave through steel being known, the 
mean pressure exerted, during an extremely small 


time interval, can be calculated. In order to 
avoid excessive stresses it is necessary to 
protect the end of the bar by means of a standard 
pellet of material which is interposed between 
the explosive and the bar. 

Kast Brisance Meter .—This consists of a 
hollow steel cylinder fitted with a heavy steel 
base and provided with a well-fitting steel 
piston, on the top of which is a strong nickel- 
steel plate furnished with two lead discs which 
are renewed after each test. 

In carrying out the test a cylinder of soft 
metal, such as copper, is placed underneath 
the piston, and the explosive, in the form of a 
cartridge, is fired on the top of the piston. 
The degree of compression of the metal cylinder 
indicates the brisance of the explosive. 

The results obtained vary to some extent with 
the length and diameter of the cartridges and 
also, of course, with the density of the loading. 

Kast (Z. ges. Schiess- u. Sprengstoffw. 1913, 
8, 88) gives the following results obtained from 
various explosives at different densities, using 
cartridges 21 mm. in diameter: 


Explosive. 

Density. 

Compressiou, 

mm. 

Picric acid .... 

1*34 

2-81 

♦♦ „ . . . . 

1-46 

3-34 

,, „ . . . . 

1-53 

3*55 

Trinitrotoluene. 

1-60 

3-88 

1-34 

2*80 

,, ... 

1-45 

2*93 

,, ... 

1*50 

3*13 

,, ... 

1*60 

313 

Totryl. 

1*42 

3-57 

„ ..... 

1*53 

3*91 

.. 

1*59 1 

3-94 


The effect of varying the length of the cart¬ 
ridge and the strength of the detonator is shown 
in the following table : 


Explosive. 

Detonator, 

g. 

Weight of 
Cartridge, 

R. 

Length ol' 
Cartl'idgt*, 
mm. 

Density. 

Compression, 

mm. 

Picric acid .... 

2 

150 

30-8 

1*53 

3*49 


2 

25*0 

51-2 

1-48 

3-79 

„ „ . . . . 

2 

400 

78-0 

1-53 

3*90 

Trinitrotoluene . 

2 

150 

31-0 

1*52 

316 

f9 . • • 

2 

250 

61-0 

1*48 

3-49 


2 

40*0 

79*8 

1-50 

3-50 

Picric acid .... 

3 

300 

61-4 

1*50 

3-79 

99 99 • • • • 

3 

40-0 

80-2 

1-51 

4-04 

99 99 .... 

3 

450 

90-8 

1-49 

3*81 

Trinitrotoluene . 

3 

300 

62-5 

1-48 

3*54 

„ 


350 

72-4 1 

1-48 

3*64 

„ ... 

1 3 

40 0 1 

81-6 

1-49 

3*67 


Sensitiveness to Detonation. 

The sand bomb test {v. supra) for estimating 
the explosive power can be adopted for deter¬ 
mining the sensitiveness of explosives to detona¬ 
tion. In this method a composite detonator 


containing a fixed base charge of the explosive 
under examination is primed with diminishing 
quantities of an initiatory explosive such as 
mercury fulminate and fir^ in the bomb. The 
minimum quantity of the primer necessary to 
cause certain and complete detonation is 
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ascertained by the crushing effect on the sand 
and the absence of undetonated explosive. In 
carding out the test 0-4 g. of the explosive is 
weighed out into a copper detonator shell about 
6 mm. in diameter and lightly compressed by 
means of a glass rod. The priming charge 
is then introduced, covered with a thin per¬ 
forated reinforcing cap 9 mm. long, and the 
resulting detonator compressed with a loading 
pressure of 200 atmospheres per sq. in. After 
firing, the sand is graded by sifting through 
a number of sieves and examined for undetonated 
explosive. 

Sensitivity to Detonation by “ Influence ” 
(Halved Cartridge Gap Test).—Although explo¬ 
sives for commercial use must not be too sensitive 
to shock it is essential that they should be 
completely detonated by use of an appropriate 
detonator and should not he too insensitive to 
“ explosion by influence,” i.e. when a j»ortion of 
the explosive is detonated it should be capable of 
detonating a further quantity placed at some 
distance apart. This sensitiveness to detonation 
by influence can be determined by the following 
method (U.8. Bureau of Mines R.l. 11337, 1937): 
A l|^x 8 in. cartridge of the explosive is cut into I 
two halves. With the two cut ends facing one 
another the two halves of the cartridge are 
separated by a predetermined distance by 
rolling them in a piece of manilla paper, cut to 
such a length that both halves of the cartridge 
are just covered by the paper, and to such a 
width that it will wrap exactly three times 
round. The tube thus formed is held in place 
by carpet tac'ks. Just before firing, a detonator 
is inserted in a hole made previously in the 
centre of the outer end of one of the halves of the 
cartridge. The greatest distance (in <*in.) 
between the halves of th(^ cartridges at whi(^h 
both halves detonate on firing, in four tests, is 
taken as a measure of the sensitiveness of the 
explosive to detonatif)n by ” influence.” 

This test may be used as a means of judging 
the extent to which certain exjjlosives, especially 
those of the gelatin dynamite type, have 
deteriorated in sensitiveness during storage. 

Efficiency of Initiatory Explosives as 
Hetonants. 

The relative eflSciency of initiatory explosives 
can be ascertained by the sand bomb method {v. 
supra). In this case a detonator case containing 
a fixed quantity of some nitro explosive, e.g, 
trinitrotoluene, is primed with diminishing 
quantities of the initiating explosives which are 
to be compared, and the minimum quantity 
necessary to cause complete detonation is 
ascertained as in testing for sensitiveness to 
detonation. 

Esop Test .—In this test an explosive such as 
picric acid is mixed with olive or cotton-seed oil 
and trials are made in order to determine the 
highest proportion of oil which may be present 
without causing failure to detonate by the 
initiatory explosive under test. The picric acid, 
which must be thoroughly mixed with the oil, is 
compressed into a cartridge of standard size. 
The detonator is inserted into the cartridge, 
which is then placed on a steel plate supported 


by two lead cylinders. On firing, compression 
of the lead cylinders occurs, the amount of com¬ 
pression indicating whether detonation of the 
picric acid-oil mixture has occurred. 

A modification of this test has been investi¬ 
gated by the Chemisch-Technische Reichanstalt 
(Jahresberioht, 1926, V, p. 112). In this test, 
trinitrotoluene is taken as the standard explo¬ 
sive, and instead of using oil as a diluent or 
phlegmatiser, talc^ is employed. The mixture of 
tale and trinitrotoluene is pressed in the form 
of pellets and the extent of the detonation deter¬ 
mined by firing the pellet on a brisanee meter. 

Velocity of Detonation. 

The velocity of detonation, which represents 
the spe(‘d at which detonation travels through 
the mass of the explosive', depends upon a 
numb(‘r of factors such as density, degree! of con¬ 
finement and temperature. The two chief 
methods for the determination of this factor are 
those of Mettegang and Dautriche. 

Mette.gang Method .—This was described by 
Mettegang at the 6th International Congress of 
Applied Chemistry, Berlin, 1903, and is referred 
to by Bichel (Z. ges. Hchiess- u. Sprengstoffw. 
1908, 3, 403). The method depends on the 
consecutive rupture of two wires carrying a 
divided current, running through two ends 
of a long cartridge and connected with a 
sparking induction coil. The main (uirrent 
passes through a resistance of electric lamps and, 
to ensure a high potential, no iron ('ore is used. 
Any change in tin* ttmsion of the ('urrent passing 
through the primary coil sets up an induced 
current in the sec'ondarv coil. One terminal of 
the secondary coil is connected to the bearing 
of a revolving drum coated with lampblack, 
the other terminal ending in a fine ])latinum 
point. The induced ('urrents cause sparks from 
the platinum point and are re<iorded as tiny 
specks on the blackened surface of the drum. 
Erom tlui spac'c between these specks and the 
speed of the drum the time of detonation of the 
explosive train can be calcidated. 

in carrying out the test the explosive is placed 
in a thin sheet-iron tube about 3 ft, 6 in. long 
and lJ-2 in. in diameter. Two copper wires 
1 m. apart are inserted into this cartridge and an 
electric detonator is placed in one end of the 
explosive. The tube with its contents is then 
suspended in the firing chamber, and after the 
copper wires have been connected with the 
recording machine the detonator is fired. 
The copper wire nearer the detonator is sheared 
first, and as the explosive wave passes along the 
column of explosive the second wire is ruptured. 
The time which elapses between the breaking of 
the first and second wires measures the rate of 
detonation through the explosive. 

Dautriche Meihod .—This simple method of 
determining the velocity of detonation was 
devised by Dautriche (Compt. rend. 1906, 148 , 
641). In this method, use is made of detonating 
fuze the rate of detonation of which is known. 

In carrying out this test the explosive is 
pressed to the required density in a tube about 
250 mm. long and 20-30 mm. in diameter and a 
detonator inserted into the explosive at one end. 
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Two other detonators arc inserted in the tube at 
a distance of 100 mm. from each other. Each of 
these detonators is connected to one end of a 
length of detonating fuze, the centre portion 
of which rests on a lead plate, and the middle 
point of the fuze is indicated by a mark on the 
plate. The firing of the cartridge by the end 
detonator causes the other two detonators to 
explode and they in turn cause the fuze to 
detonate in opposite directions. The point at 
which the two waves of detonation meet is 
indicated by a mark which is produced on the 
lead plate. The distance of this mark from the 
centre of the fuze is measured and the velocity 
of detonation calculated from the following 
formula : 


when K is the knowm velocity of detonation of 
the fuze, 1) is the distance between the two 
detonators and MS is the distance of the mark 
made on detonation from the centre of the fuze. 

SeISSITIVENESS to PERCUS.S10N. 

The relative sensitiveness of explosives to 
direct blows is usually determined by finding the 
height at which a falling weight just fails to 
fire or explode them in one of several trials, and 
may be expressed in terms of the sensitiveness of 
an explosive of similar type taken as a standard. 
e.g. picric acid for a high explosive. Weights of 
different mass are used for explosives of different 
typos, a 6 kg. weight being common for high 
explosives. 

The weight is so arranged that it can fall freely 
in a vortical diri'ction, but lateral rnoviment is 
prevented by the provision of side rails. 

In carrying out the test, ()-05-0*l g. of the 
dried, ground explosive is spread in an even 
layer on a steel anvil mounted on a secure 
concrete base. The explosive is then covered 
with a steel plunger provided with a loosely 
fitting sleeve to prevent lateral motion. Since 
the sensitivity of explosives to blows is affected 
by the temperature at which the test is carried 
out, in some apparatus the anvil is surrounded 
by a water jacket in order to maintain it (and 
also the explosive) at a uniform temperature. 
In carrying out the test the weight is raised to a 
certain height and allowed to fall, the release 
being effected by a trip catch or electrically. 
Further tests are carried out by allowing the 
weight to fall from greater or lesser heights 
according to the effect produced on the explosive. 
The anvil and plunger must be thoroughly 
cleaned after each trial, and fresh quantities of 
explosive used for each experiment. With the 
less sensitive explosives a partial explosion or 
ignition usually occurs wnth a lesser fall than 
that required to give complete detonation and it 
is frequently difficult to say whether any decom¬ 
position has taken place or not. In these cases 
the limiting blow has to bo fixed by the pro¬ 
duction of a spark or faint flash, by the evolution 
of smoke or a stain on the anvil or even the 
odour of decomposition products. 

In the instrument devised by Rotter (J.C.S. 
1921, 119, 1), the results of the blow are 
evaluated by a quantitative measurement of the 


I gas produced at the different heights of fall when 
the blow has sufficient energy to cause decom¬ 
position of the explosive with evolution of gas. 
The sensitiveness is expressed in ratios known as 
“ figures of insensitiveness,” which express the 
relative energies of the blows required to produce 
explosions of equal degrees of completeness 
throughout the scale from incipient to complete 
detonation. 

For testing sensitive explosives of the initiatory 
typo the following method may be used : the 
explosive in the form of a very thin but con¬ 
tinuous layer is placxid on a dead hardened and 
surfaced steel blofik and covered with a small 
I steel cylindrical striker, enlarged at the head and 
I tapered to give a circular striking surface of 
I about 0-2 in. diameter, also dead hardened 
and truly plane. This striker is hedd in a 
vertical position by means of a steel collar 
ill which the fit is good without Offering any 
appreciable friction. The blow communicated 
through the striker is obtained by dropping a 
steel ball falling freely and electrically released 
from a pointed magnet on to the centre of the 
top of the striker. The height of fall of the 
ball and its weight arc selected according to the 
sensitiveness of the explosive under test. The 
shortest fall is determined, to one inch, which 
causes ignition or explosion in at least one of 
five trials, and also the longest fall which does 
not cause ignition or explosion in one out of 
five successive attempts. From these heights 
and the weight of the ball the blow in ft.-lb. per 
s(]. in. is calculated and a mean in rouml figures 
is recorded as the sensitiveness of the explosive. 

This method eliminates such influencing 
factors as friction or pulley wheels on the 
guides, the resistance of burred edges and the 
blow of the falling weight not being truly given 
by the full striking surface, and it is only 
necessary to carefully adjust the layer of 
explosive to obtain not only concordant results 
but also a quantitative idea as to the blow 
required for ignition or explosion under the 
conditions of the test. 

Whichever method of testing is used it is 
essential that all the experiments should be as 
far as possible carried out under identical 
conditions. 

The published figures for the sensitiveness of 
various explosives as determined by different 
investigators vary within very wide limits, due, 
no doubt, to the differences in the apparatus and 
the conditions of the test. 

Sensitiveness to Friction. 

The sensitiveness of explosives to a glancing 
blow is usually taken as a measure of their 
comparative sensitiveness to friction and can be 
determined very approximately by submitting 
them when in thin layers on slabs of wood, stone 
or steel to a scries of hard glancing blows with a 
boxwood mallet or steel hammer of given weight. 
As with the sensitiveness to direct impact, the 
explosive must be tested at approximately 
normal temperature as the sensitiveness increases 
with rise of temperature. 

Considerable improvement of the above some¬ 
what crude method is effected by the use of the 
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Pendulum Friction Device described by Howell 
(U.S. Bureau of Mines Tech. Paper 234). This 
apparatus comprises a steel anvil and a swinging 
shoe, the former having a smooth face and three 
grooves in the middle for containing the charge. 
The shoe may be of steel, or steel faced with 
hardwood fibre or other material, and is allowed 
to fall with a circular motion from heifirhts up to 
6i ft. 

In the official test adopted by the U.S. Bureau 
of Mines, a steel shoe faced with hardwood 
fibre with 44 lb. of added weight and a fall of 
59*1 in. is used. The shoe is adjusted so that 
when there is no explosive on the anvil it will 
swing across the face of the latter 18^1 times 
before coming to rest. 

In making the test, 7 g. of the explosive are 
spread in an even layer in and above the three 
grooves in the anvil, the shoe being then 
allowed to fall from the predetermined height. 
Each test consists of ten trials and after each 
experiment both anvil and shoe are thoroughly 
cleaned to remove any residual explosive. The 
temperature of the anvil and the shoe can be 
controDed, and the tests are usually carried out 
between 14 and 30°C. 

The observations made are: explosion— 
whether partial or complete; local crackling— 
whether distinctly audible or almost in¬ 
distinguishable. Any explosive which gives no 
more unfavourable result than an almost 
indistinguishable local crackling is regarded as 
having passed the test. 

Sensitiveness to Heat. 

The temperature of ignition or explosion of an 
explosive is largely dependent on the conditions 
of the test. When slowly heated the ignition- 
point is lower than when heat is suddenly 
applied, the heat of decomposition of the 
explosive causing its temperature to rise 
locally above the recorded temperature to the 
ignition-point. 

The ignition-point should be taken as the 
temperature at which a not too small quantity, 
not less than 0-02 g., ignites after it can 
reasonably be expected to have reached the 
recorded temperature kept constant for approxi¬ 
mately 6 seconds. The explosive is usually 
placed in a lightly covered thick glass tube 
immersed in an air bath, or in oil or fusible 
metal. Another useful form of apparatus is a 
long copper bar of square section in which 
two holes are drilled symmetrically with respect 
to the end of the bar, into which, respectively, a 
thermometer and a small glass tube fit closely 
so that the centre of the thermometer bulb and 
the bottom of the explosion tube are on a level 
with the axis of the bar. The temperature can 
be readily controlled by adjusting the size of the 
heating fiame and its distance from the thermo¬ 
meter and the explosion tube. The approximate 
temperature of ignition is first determined by 
gradually heating up the bath or bar until 
the explosive fires and then the firing-point 
determined by trials with fresh quantities of 
explosive heated at definite temperatures, 
noting the lowest temperature at which ignition 
or explosion occurs under the conditions given. 


Chaeacteb and Duration oir Flame. 

The photography of the flame of explosives 
was first attempted by Schoeneweg and is now 
very largely used in determining the character of 
flames of mining explosives, propellants and cap 
compositions. In testing the flame of explosives 
they are fired at night or in a dark room from a 
vertical steel cannon with a graduated scale 
placed behind it. The flame is photographed 
upon a drum covered with a sensitive film 
rotating between screw pivots in a guide bracket 
contained inside a box provided with a quartz 
camera lens for focusing the ultra-violet rays 
attending extreme heat. With the drum at 
rest the length of the flame is obtained. To 
obtain the duration of the flame, the drum, 
which is motor driven, is set in motion and as 
soon as the required speed is obtained the shot 
is fired electrically. From the speed of the drum 
and the lateral extension of the blurred image of 
the flame the duration of the flame is obtained. 
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H.S. 

EXPLOSIVES —COAL - MINE. {For 
Coal-Dust Explosions, see this Vol. p. 108.) 

Intboductoby. — Conditions befobb 1914. 

In the early years of last century the only 
explosive available for use in coal-mines was 
black powder, and numerous explosions had 
shown the danger attending its use in mines 
where firedamp was present. The introduction 
of nitroglycerin and the more modern detonat¬ 
ing explosives in the last quarter of the century 
did not remove this danger, and in the year 1877 
and succeeding years the question became 
so acute that commissions were set up in various 
countries to investigate the matter. It had 
been suspected as far back as 1820 that coal- 
dust might also be an important factor in such 
explosions, but it was not until about 1870 that 
the suggestion began to be seriously investigated, 
and in the succeeding years it was clearly 
demonstrated by Galloway and others that the 
presence of firedamp was unnecessary and that 
under certain circumstances a mixture of coal- 
dust and air would propagate flame with 
explosive violence. As the result of the early 
investigations it was shown that a certain 
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increase in safety could be attained by the use of 
a water cartridge or porous stemming soaked 
with water, in conjunction with nitroglycerin 
or guncotton explosives, but not with black 
powder. These investigations were carried 
out in a gallery or adit of a mine or in an 
artificial gallery of steel, wood or masonry, 
cylindrical or elliptical in section, the explosive 
being fired from a mortar. In most cases, the 
inflammable gas mixture consisted of methane- 
air, but in some instances coal-gas was substituted 
for methane. The main conclusions of these 
earlier investigations were that black powder 
modifications consisting of admixtures with 
ammonium oxalate and similar cooling salts 
were useless, but that dynamite mixed with 
35-63% of sodium bicarbonate, sodium carbon¬ 
ate or ammonium oxalate had a certain degree of 
safety. It was later found that explosives 
containing a high percentage of ammonium 
nitrate could be fired in considerable quantity 
into inflammable methane and coal-dust-air 
mixtures without causing ignition. Hence there 
arose in connection with the newly developed 
safety explosives the conception of the charge 
limit, by which was understood the maximum 
charge as found by experiment that could 
be safely fired into the inflammable test mix¬ 
tures. This principle of testing in natural or 
artificial galleries was adopted by all the more 
important countries except Trance, who, as the 
result of the findings of the French commission 
of 1888, prohibited the use of black powder and 
any explosives which did not fulfil the following 
conditions: 

(1) The products of detonation must contain 

no combustible substance such as 
hydrogen, carbon monoxide, carbon, etc. 

(2) The temperature of detonation calculated 

by a specified method must in no case 
exceed 1,900°C, for explosives to be 
used in stone work or 1,600°C. for those 
employed in coal getting. 

These principles governed the composition of 
the explosives used in France for fiery coal¬ 
mines until 1914, the only modification made 
being the introduction into the earlier com¬ 
positions of a small percentage of alkaline salt 
such as potassium nitrate to improve the safety. 
In 1911 the four safety explosives recommended 
for manufacture in Franco were ; 


official test at Woolwich were designated 
Permitted Explosives. The Woolwich test 
differed from the tests generally adopted on the 
Continent at that time in that a definite charge 
was fired after being stemmed in the gun with 
clay. On the Continent the explosive was 
unstemmed and the charge was varied until the 
charge limit was found. During the later years 
of the Woolwich test the ]>ermitted explosives 
could be divided into groups represented by the 
following typical explosives: 

Bobbinite. —An explosive of the black powder 
typo, but with the temperature of explosion 
reduced by admixture of cooling salts or granules 
of a starch-wax mixture. 

Saxonite. —A gelignite rendered safe by the 
admixture of about 13% of ammonium oxalate. 

Monobd. —An ammonium niixate explosive 
consisting of 80% of ammonium nitrate 
sensitised with 10% nitroglycerin adsorbed in 
10% w'oodmeal. 

Faversham, Powder. —Another ammonium 
nitrate explosive consisting of 90% of ammonium 
nitrate sensitised with 10% of T.N.T. 

Cambrite. —An explosive of the carbonito 
type, i.e. containing nitroglycerin, an alkali 
nitrate, and a large proportion of carbonaceous 
material such that the temperature of explosion 
was reduced by the production of a largo pro¬ 
portion of carbon monoxide. 

As the result of explosions caused by Bobbinite 
and other permitted explosives it was considered 
that the standard of safety with the permitted 
explosives was not sufficiently high, and as the 
result of consideration of tests abroad a new and 
more stringent test was developed. The Bother- 
ham Test, so called, was started in 1912; the 
explosives for the test must be detonating, fired 
by an electric detonator, uustemmed, and have 
a charge Hmit previously determined. This 
resulted in the elimination of Bobbinite (except 
for use in special mines and only for a limited 
period of years) and the reduction of the power 
of the detonating explosives consequent upon the 
proportion of safety ingredient such as sodium 
chloride, ammonium oxalate, etc., which had 
to be introduced into their composition to 
increase their safety. Typical explosives passing 
the new test are tabulated at top of p. 554. 

On the Continent a large volume of experi¬ 
mental work was carried out in Austria, Belgium 
and Germany. In Austria, the experiments 
resulted in the recommendation of two types of 
explosive—one the Favier type, consisting of 
90-95% ammonium nitrate sensitised by grind¬ 
ing with materials 8\ich as resin, aniline nitrate, 
dinitrobenzol or other nitro-compounds. In 
Belgium, as the result of early work, explosives 
similar to the French compositions were adopted, 
but, later on, explosives w ere introduced having a 
certain proportion of a “ cooling ” salt or safety 
ingredient such as ammonium chloride or 
sulphate, ammonium oxalate, sodium chloride, 
etc. Much of the work was directed towards 
the investigation of conditions of use which 
might give rise to explosions, but this work will 
be referred to later. 

In Germany experiments carried out in 
several galleries led to the development of 
explosives first of the Wetter Dynamit and 
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Grisoutine Couche 
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Grisoutine Couche 
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Grisoutine Roche 

29-0 
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70*0 
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29-0 

10 
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In Great Britain the development of safety 
explosives as the results of tests in the galleries 
at Hebbum-on-Tyne and, later, at Woolwich 
resulted in the evolution of a number of explo¬ 
sives which after passing the Home Office 
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Typioai. British Permitted Explosives Passing the Rotherham Test, 1913-29. 



Ammo¬ 

nite. 

Bellitc 
No. 1. 

Dynobel 
No. 3. 

Cambrite 
No. 2. 

Samsonite 
No. 3. 

Tees 

Powder. 

Viking 
Powder 
No. 2. 

Nitroglycerin .... 


_ 

10-14 

24-22 

52-5-50-5 

11-9 

9-5-7-5 

Nitrocotton. 

— 

— 

0-75-0-25 

— 

4-2 

— 

— 

Dinitronaphthalcne 

()r)-4-5 

— 

— 

— 

— 


— 

Dinitro benzol .... 
Dinitrotoluol .... 

—- 

— 

>2-5-0-5 


0-5-0 

(amido- 

— 

z 

Trinitrotoluol .... 

— 

10-14 

/ 

— 

compd.) 

— 

— 

Ammonium nitrate . 

75-71 

0.5-02 

54-51 

— 

— 

0l-.5-.58-5 

69-65 

Sodium nitrate .... 

— 

! - 

— 

4-5-3 

11-9 

— 

— 

Potassium nitrate . 




(barium 

(nitrate) 

29-26 


1 

_ 


Woodmeal. 

— 

— 

0-4 

35-32 

— 

i 10-8 

9-7 

iStar(di. 

— 

5r>-.‘P5 


— 

— 

— 

— 

Potassium i hloridc . 

— 

— 

— 

9-7 

— 

— 

— 

Sodium chloride 

22-20 

17-5-15-5 

20-24 

— 

11-9 

21-19 

16-14 

Borax. 

,— 

— 

— 

— 

20-24 

— 

— 

Magnesium (‘arbonate . 

— 


1-0 

— 

1 — 

— 

10-0-5 

Moisture. 

I-O 

2-0 

2-0 

6-3-5 

! 1-5-0 

2-0 

2-0 


Carbonit classes, and later of various types of 
ammonium nitrate coal-mine explosive of which 
the table at foot of this page gives typical 
examples. 

Up to 1914 investigations in Belgium were 
carried out for the most })art under t he direction 
of WattcyiK! on the ('onditions which may affect 
the safety of explosives temards firedamp and 
coal-dust in mines. It was shown that the 
following were imjmrtant : 

(1) Small variations in the ehemi(^al com¬ 

position of the explosive. 

(2) Variations in the ])hysieal condition of the 

explosive. 

(3) Differences in the cartridge wrapper. 

(4) Variations in the composition of the fire- 

damj) or coal-dust. 


(5) Variations in the temperature, moisture, 
etc. 

(()) Variations in the density of loading. 

(7) The sectional area of the gallery. 

Experiments were also carried out on the 
effect of incombustible dust surrounding the 
explosive, showing the increased safety attained 
in this way, and this led to the development of 
the sheath of incombustible mat(Tials placed 
round th(‘ cartridge introduced by Lemaire and 
the use of suc^h substam'es for external tamping. 
These incombustible materials included inert 
materials such as fine sand, salts containing 
water of crystallisation such as sodium sulphate, 
bodies volatilised by heat such as sodium 
chloride or decomposed by heat such as 
ammonium sulphate. 


Typical German Coal-Mine Explosives up to 1910. 


Nitroglycerin . 
Dinitrochlorohydrin 
Nitrocotton . 
Mononitrotoluene 
Dinitro toluene 
Trinitrotoluene . 
Ammonium nitrate 
Potassium nitrate 
Sodium nitrate . 
Flour or potato meal 
Woodmeal 
Wood charcoal . 
Vaseline or paraffin 
Castor oil . 

Chrome alum . 
Ammonium oxalate 
Sodium chloride . 


Wetter 

Astralit. 

(’hroiue 

Ainmonit. 

Ammon. 

Carbonit. 

Gelatine 

Wetter 

Astralit. 

Chrome 

Ainmonit 

1908. 

4 


3-9 

4 



— 

— 

16 

— 

— 

— 

O-I 

0-5 

9-25 

- 

-- 

__ 

1-0 

4-0 


7-0 

12-5 

_ 

_ 

74-5 

70-0 

82-0 

40-0 

63-25 

— 

10-0 1 

10-0 

7- 5 

8- 0 

17-5 

1 

1 

—• 

4 

— 

_ 

_ 

0-5 

_ 

2-5 

0-5 

— 

9 

1 0-6 

_ 

7 

_ 


9-5 

— 

— 

— 

2-5 

— 

10 

1 

— 

— 

14 

— 















EXPLOSIVES-COAL-MINE. 


Examinations were also carried out of the 
length, duration and character of the flame 
produced by explosives, but the results, while 
showing broad dilferences between very safe and 
very unsafe explosives, were not highly 
discriminating. 

A full description and bibliography of the work 
up to 1918 is given by Nathan, Fuel in Science 
and Practice, 1929, 8 , 256. 

Coal-mine Explosives since 1918. 

During 1914-18 very little work was carried 
out on coal-mine explosives, but after 1918 
discordant results obtained in the Home Office 
testing gallery at Kothcrham urged the 
importance of a complete investigation of this 
test, and the general question of safety in mines. 
This led to the appointment in 1922 of the 
Explosives in Mines Research Committee, which 
carried out a series of extensive researches on 
the properties of explosives, the behaviour of 
inflammable gas-air and dust-air mixtures, and 
developed a new method of testing to give more 
uniform results in which the more rational 
methane-air mixture would be used in place of 
the coal-gas-air mixture formerly used. 

The difficulties (Safety in Mines Research 
Board Paper No. 51) with the Rotherham 
test mentioned above were largely due to a lack 
of uniformity of the coal-gas, and preliminary 
experiments were carried out with mixtures of 
methane and air, methane, hydrogen and air, 
and light petroleum and air, with a view to 
finding a suitable substitute for the standard 
mixture of coal-gas and air. The methane-air 
mixture of greatest sensitiveness gave charge 
limits for permitted explosives far higher than 
those previously in force. Addition of hydrogen 
gave irregular results, while a mixture containing 
I *5-1-75% light petroleum gave charge limits of 
suitable value. Work was continued at Rother¬ 
ham and at Ardeer, the experimental work and 
testing plant at the former station being 
subsequently removed to Buxton. As, however, 
methane-air mixtures were favoured for obvious 
reasons, further attempts were made to choose 
conditions, more especially by increase of the 
diameter of the cartridges of explosives used in 
the test, which would enable a 9% methane-air 
mixture, used in the existing gallery, to give for 
the various explosives charge limits similar to 
those given for existing permitted explosives 
(see p. 556). The charge limit of an explosive 
was, however, found to be dependent on its 
position in the gun, and despite every precaution 
to maintain exactly constant and uniform 
experimental conditions, considerable variations 
in charge limit for the same explosive were 
obtained at different times. Such approxima¬ 
tions to charge limits as were obtained bore no 
relation to the degree of safety which many years 
of practical experience had been shown to 
appertain to the different explosives. It was 
proved that a small amount of stemming 
markedly increased the difficulty of igniting a 
gas mixture. 

An alteration in the gallery test was therefore 
recommended. The gaseous medium proposed 
was a methane-air mixtur econtaining 9i:0*25% 
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methane, and it was suggested that fixed charges 
of any tested explosive be fircfl into both 
gas and coal-dust atmospheres. The fixed 
charges were 5 shots of 8 oz. unstemmed, and 
5 shots of 28 oz. stemmed into the gas mixture, 
and 5 shots of 28 oz. stemmed into the coal-dust. 
It was known that the test would enable the use 
of slightly more powerful explosives, but 
this was considered an advantage as it had been 
suggested with some justification that some of 
the old permitted explosives c;ontained more 
“ cooling agent than was desirable for perfect 
propagation. The proposcfl test was adopted, 
and now practically all the explosives on the 
Permitted List have passed the Buxton test. 

In 1926, following upon representations by the 
Home Office that the introduction of low-freezing 
nitroglycerin explosives would remove the 
nece.s.sity for thawing exjfiosives during the cohl 
weather and eliminate the numerous a(‘cidents 
W'hich arose fronj careless thawdng, the use of 
nitropolyglyeerin and later nitroglycol became 
more and more general in the nitroglycerin 
permitted explosives \intil at the present time 
all permitted explosives must be of the low- 
freezing type (Ann. Rep. Inspec tor of Explosives 
for 1932, 8). G. St. J. Perrott and il. E. 
Tiffany (LT.S. Burc^au of Minces, Serial 2935, 1929) 
have shown that this substitution of a portion 
of the nitroglycerin by nitroglycol does not 
affect the saf^ety of the explosives and tends 
to increase slightly the sensitiveness to propaga¬ 
tion and velocity of detonation. The intro¬ 
duction of the Buxton gallery test was made the 
opportunity for withdrawfing gradually the 
earlier type's which were liable to freezing. At 
the same time, ex])losivcM of the Carhonit type 
were droppe'd. This typ(% owing to its very high 
deficiency of oxyg(‘n, })roducetl a. large propor¬ 
tion of eomhustihle gases on detonation, and was 
liable to produce a gas ignition of these explosion 
gases when fired into air containing no other 
eomhustihle gas. 

The low density type of permitted explosive 
(Ann. Rep. Chief Ins])ector of Mines for 1931, 
39) was introduced, first in the Ignited States 
and later in Great Britain. Owing to their 
comparatively slow ac'tion, black powder and 
its modification Bobhinite, which was removed 
from the Permitted List in December, 1931, w’ere 
particularly suitable for the blasting of soft 
stone or coal when large lumps were required. 
Ordinary detonating explosives are too shatter¬ 
ing or “ brisant,” and various attempts have 
been made to moderate their action. These have 
resulted in the introdu(.'tion of low density 
explosives in which the concentration of energy 
in the explosive has been (considerably reduc ed. 
This reduction of density has, of course, increased 
the lengths of the (“artridges and in the testing 
of such (‘xplosivcs it was found that the gun 
would not take the maximum charge of 28 oz. 
specified in the official test regulations. As the 
lengthening of the gun would have entailed 
considerable experimental work to ascertain the 
effect of this procedure on the charge limit it w as 
agreed to fire only 18 oz. instead of 28 oz., and 
to fix the maximum allowable charge at 18 oz. 
and to restrict the use of these explosives to the 
blasting of coal only. 
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Typical Belgian Explosives S.G.P. (from the 
Revised List published in Ann. Mines 
Belg. 1932,38, 436). 



Cen- 
trallte 
R. II. 

Sabu- 

llto 

B bis. 

Flam- 
mlyore 
V bis. 

Yonck- 

Ite 

Antl- 

grisou. 

Nitroglycerin 

_ 


11 

— 

Nitrocellulose 

— 

— 

005 

— 

Dinitrotoluol 

— 

— 

1 

— 

Trinitrotoloul 

14 

15 

— 

14 

Ammon, nitrate . 

62 

51 

59 

42 

Ammon. per¬ 

chlorate . 



_ 

12 

Potassium per¬ 
chlorate . 


10 

_ 

„ 

Sodium nitrate . 

— 

__ 

— 

10 

„ chloride 

18 

24 

22 

22 

,, oxalate . 

6 


— 

— 

Cellulose 


— 

4-85 


Naphthalene. 

— 


20 


Lampblack . 

1 ■ " 

1 


01 

— 


Typical German Coal-Mine Explosives (from 
“ Liste der Bergbau Sprengstoffe ”). 



Wetter 

Detonit 

B. 

Wetter 

Siegrit 

A. 

Wetter 

Nobclit 

A. 

Ammonium nitrate . 

72 

57 

32-0 

Nitroglycerin .... 

4 

— 

— 

Gelatinised nitroglycerin 

— 

12 

26-0 

Dinitrotoluol .... 

2 

.— 

2-0 

Woodmeal .... 

3 

2 

1 

Powdered coal 

— 


— 

50% calcium nitrate solu¬ 
tion . 



2-5 

Potassium chloride . 

19 

27 

— 

Sodium chloride . 

— 

— 

36*5 


Typical French Coal-Mine Explosives 
(taken from Report op Section des 
Mines, CoNGRiss International des 
Mines, LiijQK, 1930, p. 239). 



Explosifs 
Couches for use 
in coal. 

Explosifs 
Roches for use 
in rock only. 


Grisou 

Naph- 

thaiite 

couche. 

Grisou 

Dyna¬ 

mite 

couche. 

Grisou 

Naph- 

thalltc 

Boche. 

Grisou 

Dyna¬ 

mite 

Roche. 

Nitroglycerin. 
Nitrocotton . . 

— 

12-0 

0*5 

-- 

29*9 

1 

Ammonium 





nitrate . 

95 

87-5 

91-5 

70 

Dinitronaphtha- 
lene .... 



8-5 


Trinitronapht lia- 
lene 

f) 

-- 


— 

Maximum charge 





(g.) allowed 

500 

500 

1,000 

1,000 


In the production of low density it is usual to 
use carbonaceous material such as Balsa wood 
sawdust or Peat Moss (H. W. Clapham, B.P. 
399553), but low density nitrates have also 
been proposed, such as sodium nitrate in hollow 
spherical pellets (U.S.P. 1940255) and finely 
crystallised sodium nitrate (U.S.P. 1924912, 
G.P. 605624 and B.P. 442980). Low density 
explosives are now well established and they 
rank closely with the old Bobbinite as regards 
round coal production (Lambert, Trans. Min. & 
Geol. Inst. India, 1934, 105). 

As the result of attempts to improve still 
further the safety of use of explosives in coal¬ 
mines, the use of certain permitted explosives in 
safety sheaths has now been permitted in Great 
Britain and it is probable that in a short time 
only sheathed permitted explosives will be 


Typical British Permitted Explosives (from Explosives in Coal-Mines Orders in 3930 and 1932). 



* 

A. 1. 
Rounkol. 

Ammon¬ 

ite 

No. 2. 

Anti- 

frost 

Penrhyn 

Powder. 

Douglas 

Powder. 

Ever- 

soft 

Tees 

Powder. 

Hawk* 

ite 

No. 3. 

Norsa- 

bite. 

Polar 

Dyno- 

bel. 

Polar- 

Samson- 

ite 

No. 3. 

* 

Polar 
Saxonite 
No. 8. 

Nitroglycerin . . 
Nltroglycol. . . 

[ 11-9 


9*5-7'5 

— 

11-9 



16-14 

59-57 

26-5-24-6 

Nitrocotton. . . 

Trinitrotoluol . . 

— 

— 

—■ 

16-14 

— 

16-14 

13-11 

0-75-0-25 
J 1-5-0-5 

4-5-2-5 

1-0*5 

Dinitrotoluol . . 

— 

— 

— 

— 

— 




3-1 

Dlnltronaphthalene 

— 

6-5-4-5 

— 

— 

— 

— 

— 

— 

— 

— 

Ammonium nitrate 

56-5-rj3r) 

80'5-77-5 

61 •5-58-5 

73-70 

61-5-58-5 

61-.5-58-5 

69-5-66-5 

54-51 


40-37 

Barium nitrate 

— 

— 

— 

— 

— 

3-1 

— 

— 

_ 


Sodium nitrate 

11-9 

— 

_ 

— 

— 

— 

— 

— 

4-5-2-5 

— 

Woodmeal , . . 

— 

— 

9-5-7-5 

— 

10-8 

— 

— 

6-4 ! 

— 

— 

Flour .... 

— 

— 

— 

— 

—. 

— 

— 

— 

— 

3-1 

Plant fibre . . . 

18-11 

— 

— 

— 

— 

— 

— 

— 

— 


Calcium silldde 

— 

— 

— 

— 

— 

— 

4-2 

— 

— 

— 

Sodium chloride . 

13-11 

16-14 

22-5-20-5 

14-5-12-51 

21-19 

23-5-21-5 

18-16 

26-24 

13-5-11-5 

25-24 

China day . . . 

Dl-ammonium 

— 

— 

— 

— 

— 

— 

i 

— 

— 

6-5-4-6 

phosphate . . 

O'5-O 

— 

— 

— 

— 

— 


— 

— 


Borax .... 

— 

— 

— 

— 

— 

— 

— 

— 

23-21 


Resin .... 
Moisture . . . 

0-5-0 

— 

— 


— 

— 

— 

— 

— 


2-0 

2-0 

2-0 

2-0 

2-0 

2-0 

2-0 

2-0 

2-0 

3—1 


* Since 1932, Orders giving the limits of new permitted explosives have not been published, but the limiting com¬ 
position has to be given with every 5 lb. packet of permitted explosive. 
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Ex- 

plosif 

N7. 

Ex- 

plosif 

N8. 

Grlsou 

Dyna¬ 

mite 

Chlor- 

iir(^o. 

Ammonium nitrate . 

76-0 

72-1 

55-5 

Dinitronaphthalenc . 

7-0 

6-7 

— 

Woodmeal or cellulose . 

2*0 

— 

2*5 

Nitroglycerin . . . . 1 

— 

5-0 

20-0 

Nitrocottoii .... 

— 

— 

0-5 

Kiesclguhr .... 

— 1 

20 

— 

Sodium chloride . 

15*0 

14-2 

21-5 

allowed in gassy mines. This is the practice in 

Belgium. Details of experimental work on 


sheathed explosives arc given on p. 561. In 
Belgium, largely owing to the advanced state 
of gallery testing before the 1914-18 war, 
not much alteration has been made in the 
actual testing of coal-mine explosives, but 
numerous investigations have been made in 
the direction of increasing the safety in using 
explosives. 

In Germany, official testing galleries were 
erected at Derne, Beuthen and Freiburg, and the 
types of explosive which have been authorised 
for use arc very similar to those permitted 
in Great Britain, except that it is (compulsory 
for all such explosives to contain at least 4% 
of nitroglycerin (Das Sprengstoffwesen im 
Preussisehen Bergbau ; also Naoiim, Z. angew. 
Chem. 1927, 40, 1351). In the United 8tates 
the permissible explosives w’hi(.'h have passed 
the tests of the Bureau of Mines, although not 
strictly enforced by lav’, arc used almost entirely 
for fiery mines. The proportion of safety 
ingredient and standard of safety are not quite 
so high as in Great Britain (Iron and Coal 
Trades Review, 1928, 464). The tables 
on p. 556 show the compositions of some of 
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the typical coal-mine explosives of various 
countries. 

The Explosifs Couches, in which 5% of 
ammonium nitrate is replaced by potassium 
nitrate, are issued with the additional description 
“ salp5tr(3e.” 

Recently three coal-mine explosives containing 
sodium chloride have been authorised in France 
(sec table in first column of this page). 

The compositions of the American permissible 
explosives are not published. 

Testing Galleries. 

Marshall has tabulated the details of the more 
important testing galleries and these details 
have been supplemented or revised by W. 
Payman (“ Colliery Engineering,” 1936, p. 364 ; 
see table, below). 

The French station is only used for experi¬ 
mental purposes. 

In the German galleries the axis of the gun is 
inclined so that it would strike the roof at a 
distaiK'c of 10 m. In others it is horizontal. 

At the Belgian station a coal-dust is used 
containing 22% volatile matter. The coal-dust 
to be used at Buxton must have not less than 
35% volatile matter. 

The German and Belgian methods consist in 
(h^termining the value of the charge limit when 
the shot is fired without stemming. Regulations 
dealing with the use of explosives authorise a 
maximum charge of 800 g. in both Belgium and 
Germany. In Belgium (Ann. Mines Belg. 1932, 
33, 435) a tolerance is allowed in the percentage 
composition varying from 1% for ingredients 
amounting to more than 20% to 0-25% for those 
amounting to less than 10%. 

In the American Bureau of Mines test (U.S. 
Bureau of Mines, Bulletin No. 346) for per¬ 
missible explosives a weight of explosive corres- 


Particulars of Testing Galleries. 




Dimensions 
of gallery. 

Dimensions 
of explosion 
<dianil)er. 

Gas used. 


Bore of 
cannon. 


Cart¬ 

ridges. 


Station. 










Stem- 


Country. 

Length 

Dia¬ 

meter. 

Length 

Capa¬ 

city. 

Nature. 

Con¬ 

centra¬ 

tion. 

%. 

Temp. 

‘■c. 

Length 

Di.i- 

moter. 

ming. 

Dia¬ 

meter. 




in. 

in. 

111. 

CII. Ill. 




cm. 

in. 


mm. 

Belgium 

paturages 

20-0 

1-6 

r>-() 

— 

Fire¬ 

damp. 

0 

15-20 

50 

5.5 

I^one 

30 1 

France 

Monti neon 

9-9 

2-0 

3-5 

7-0 

Fire- 

8-9 

Of 

60 

30 

— 

— 






damp. 


day. 





Gt. Britain 

Buxton 

ir.'2 

1-52 

r»’r> 

10-0 

Methane 

9±0-2r) 


120 

55 

1-iii. dry 

37*2® 

! 






1 




clay. 

or more. 

U.S.A. 

Bruceton 

30-5 

1*9 

61 

17'8 

Natural 

8 j 

2U-30 

54-0 

57*2 

1 lb. 

Mostly 






gas. 





1 dry 

31-8 







1 




clay. 


Germany i 

Derne ^ 

25-0 

J -35 

.rO 

100 

Methane 

8-9-r» 

28-30 

60 

55 

None 

.3.5 



x-18 










Poland 

Mikolow 

44-0 

2-0 

i 

3-3 

i 


Methane 

8-9-5 


70 or 
120 

50 




1 Breyle states that the cartridges of 30 nun. diameter are bunched into 2 or 3 flies (Report of Section des Mines, 
Congrfts International des Mines, l.i(^ge, 1930, p. 239). 

• Actually !’/,« 

» The Freiburjf gallery is similar to that at Deme. The Beuthen gallery varies only in that it is circular and not 

^^^^«echSfilovaldan gallery at Ostrau is approximately the same as at Deme. In Japan the gallery at Nagoba 
if drcular in section and the gun, placed outside the explosion chamber, is of the same size as that used in Great Britain. 
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ponding in strength to 8 oz. of a standard 
dynamite containing 40% nitroglycerin is 
determined, and 10 shots of this weight are fired, 
each stemmed with 1 lb. of clay stemming into 
an 8% natural-gas-air mixture, and then 5 shots 
of 24 oz. of the explosive are fired w'ithout 
stemming into a gas mixture containing 4% 
natural gas and 20 lb. of bituminous coal-dust. 
If the explosive passes these tests the maximum 
(*harge allowable in practice is 24 oz. 

Natural gas is used in America containing, 
besides methane, about 10% of ethane and other 
heavier hydrocarbons, consequently a smaller 
proportion is required to produce the mixture 
of maximum inflammability. 

General investigation of conditions 

governing tbe safe use of coal-mine 

explosives. 

It has been gciK'rally admitted that there is no 
explosive which is perfectly safe under all 
conditions in firedamp and c{)a 1-dust, and that 
the most w hich can be done is to im])rovo the 
safety to the greatest possible degree consistent 
with the maintenance of satisfactory functioning 
of the explosive. On the ()thcr hand, much has 
been done to study the properties of explosives 
and the conditions under whi(‘h they are used 
80 that precautions may be taken to render these 
conditions less dangerous. 

Flame from. Explosives .—One of the properties 
of explosives which from the very earliest has 
been regarded as the most dangerous in fiery 
mines is the explosion flame. The earliest work 
on the flames from explosives show’ed that the 
explosives w^hich were definitely unsafe in 
methane-air mixture gave large flames of 
relatively long duration, and this, when viewed 
in connection with the lag which occurs in the 
ignition of methane-air mixtures, led to the 
conclusion that flames of short duration might 
not ignite this mixture. Elame photographs 
showing the differences in length and duration 
of flame between “ safe ” and “ unsafe ” 
explosives were published by Bichel and others. 
Watteyno and Stassart examined photo- 
graphi(‘ally the flames given by explosives fired 
from a gun into a testing gallery, and in addition 
to showing the differences due to various 
conditions of loading, etc., they were of the 
opinion that some ignitions of methane might be 
due to incandescent particles thrown out by the 
explosive. Hiscock (Colliery Guardian, 1924, 
128 , 819) examined the length and duration of 
flame of typical British explosives and showed 
that not only were the flames from permitted 
explosives small and insignificant, but the 
diflferenccs observed between the various per¬ 
mitted explosives were too slight to allow of 
any attempt at grading the explosives in order of 
safety in this respect. i 

Later experiments have shown that although 
there are perceptible differences even between j 
permitted explosives fired under similar con¬ 
ditions, very large differences can occur when the 
same explosive is fired under different con- 
tions. Both Pay man (Safety in Mines Re¬ 
search Board, Paper No. 69), at the Buxton 
Experimental Station of the Explosives in Mines 
Research Committee, and Beyling (Safety in 


Mines Research Board, Paper No. 74) at 
Gelsenkirchen have made an extensive study 
of the flames from coal-mine explosives fired, 
stemmed and unstemmed, from steel mortars. 
In the case of stemmed explosives, the flame 
was suppressed by the use of a few inches of 
stemming filling the cross-scction of the bore 
hole. With unstemmed explosives many 
interesting and in some cases unexpected results 
were obtained. The wide difference between the 
flames from the “ safe ” coal-mine explosives 
and the unsafe ” explosives such as dynamite 
was confirmed. With coal-mine explosives the 
conditions of firing had a large effect on the 
flame produced. It was shown that: 

(1) With a bore hole of constant depth and 

the detonator in the cartridge nearest the 
mouth of the bore hole the flame 
from coal-mine explosives decreased as 
the charge increased. 

(2) With a constant charge of explosive the 

flame increases as the dt‘pth of the bore 
hole, i.e. the free space in front of the 
explosive, increases. 

(3) With a constant free space the size of 

the flame is independent of the weight of 
the charge. 

(4) The flame from tbe explosive increases 

progressively as the point of initiation 
of the explosive, i.e. the position of the 
detonator, is moved from the end 
nearest the mouth of the bore hole to 
that nearest the bottom. 

It was expected that those observations of 
flame would bear some relationship to the 
safety of the explosive in firedamp-air mixtures. 
It was found, however, by Beyling, that the 
differences shown in the flame produced under 
various conditions were not reflected in the 
gallery test. Thus, when the explosive was fired 
by direct initiation, that is, with the detonator 
at the end nearest the mouth of the boro hole, 
which is the method commonly used in blasting 
practice, none of the coal-mine explosives 
tested in charges of 50-1,000 g. would ignite the 
gas regardless of the free space, which varied 
from 0 to 200 cm. With intermediate or inverse 
initiation, i.e. with the detonator inserted at a 
position intermediate between the two ends 
of the column of explosive or at the back of the 
bore hole, there were occasional ignitions, but 
the incidence of these bore no relation to the 
magnitude of the flame produced under these 
conditions. Also, contrary to expectations 
based on the flame experiments, the reduction 
of the free space in the front of the charge 
decreased the safety. Pay man, however, in the 
course of his work obtained some anomalous 
results with two typical permitted explosives, 
Viking Powder No. 2 and Celmonite, in that the 
incidence of ignitions in the gallery test under 
given conditions was higher with 28 oz. than 
with 36-40 oz., and the double charge of 8 oz. 
and 28 oz. used in the Buxton test is designed 
to take account of this. 

The above results showed that the flame from 
coal-mine explosives is not the determining 
factor in the ignition of firedamp. Payman 
has carried out further experim^ts which add 
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further confirmation of this. He showed that a 
charge which would not ignite firedamp under 
certain conditions gave a larger flame than one 
wliich did ignite ; moreover, by bringing the 
charge forward to the mouth of the gun the flame 
almost disappeared, while the firedamp was 
ignited every time. 

There was also the possibility that “ secondary 
flame,” due to subsequent burning of products 
from the primary detonation, might be the cause 
of ignition. It was found from moving film 
photographs that 20 oz. Samsonite No. 3 in 
J-in. (cartridges could be detonated inversely 
to give a secondary flame, whereas 8 oz. of 
explosive in l^'^g-in. cartridges with direct 
initiation gave none. In spite of this, the former 
gave non-ignitions, whereas the latter firc^d at 
the mouth of the gun prodiic(cd ignitions. There 
is evidence, therefore, that the secondary flame 
is not the cause of firedamp ignitions. 

A further suggestion by 8egay (Ann. Mines 
Belg. 1927, 28, 465) that the intensity of the 
flame is the important factor is not supported 
by Payman’s photographs, and the latter 
makes the very important observation that 
” flame photographs are incomplete because 
they only show luminous matter, and that not at 
a particular instant, but during the whole of its 
existence. The position of the flame at any time 
relative to pressure waves and hot or incom¬ 
bustible gases is probably of the greatest 
importance in deciding whether ignition will 
take place or not.” 

The Influence of Solid Particles .—Although the 
flames from explosives have been shown to bear 
little relation to the safety of the explosive in 
firedamp there is the possibility that incan¬ 
descent particles or burning fragments of 
explosive might give rise to these ignitions. 
Audibert (Ann. des Mines, 1924,6, 63), from 
the results of examination of explosion pro¬ 
ducts from a cartridge fired under varying 
conditions of confinement, suggested that 
with insufficient confinement residual re¬ 
actions might take place behind the explosion 
wave, and the heat generated by such reactions 
might prevent the rapid cooling of the explosion 
gases and so facilitate the ignition of the fire¬ 
damp-air mixture into which they were pro¬ 
jected. In a later paper (Comite Central, Note 
Technique No. 22, 1926, 23) this view is modified 
in that some of the incompletely detonated 
explosive is assumed to be in the form of 
small particles, the time and rate at which they 
decompose depending on the conditions of 
pressure and temperature. If these particles 
are projected beyond the gaseous products 
into the firedamp atmosphere they may cause 
ignition. In support of this theory Audibert 
has shown that a screen placed in front of the 
gun was indented by particles projected in a 
stream the shape of a cone. If a circular plate 
was placed sufficiently near to catch these 
particles, ignition of firedamp could be pre¬ 
vented. Segay (Ann. Mines Belg. 1929, 80, 
1347) maintains that these projected particles 
which indent the screen are not explosive but 
particles of metal from the gun. It is significant, 
however, that Beyling (Safety in Mines Research 
Board, Paper No. 74^ in his more recent work, 


rm 

in which he attempted to measure the com- 
pression wave from cxplo8i\^es by means of lead 
plates placed at various distances in front of the 
gun, found on some plates a thick deposit which 
on examination consisted of particles of un¬ 
decomposed explosive. Beyling notes that a 
quantity of Wetter lletonit A which gave such 
a deposit was also the charge which ignit(‘d 
firedamp in the gallery. There appears to ho 
some connection between these deposits of 
explosive and the ignitions that occur in the 
testing gallery. On firing explosive into an 
atmosphere of 90% oxygen not only were 
increased flames obtained but the photographs 
showed a number of bright lines apparently due 
to brightly luminous s])ark8 ejected from the 
bore hole. It is interesting to note that these 
observations w(‘rc obtained when firing in rock 
as well as in a steel mortar, so that the sparks 
were not necessarily metallic fragments. 
Finally, experiments were, made in which 
balloons of firedamp-air mixture placed in front 
of a gun were ignited by the products from an 
explosive at a distance beyond which neither 
the flame nor a sufficient pressure wave extended. 
In fact, a perforated s(Teen of iron or plaster of 
Baris could lx* placed in the path of th(^ flame 
and f)r(‘SHure wave and yet the balloons would be 
ignited. 

There is, therefore, a strong probability that 
projected particles, ])ossibly of undeeomposed 
explosive or concentrations of material which 
have not completely detonated, or oven of 
fragments from the gun or bore hole, may play 
a very important part in the ignition of firedamp. 

In this latter connection Payman (Trans. Inst. 
Min. Eng. 1928, 75, 191, 294) made some 
interesting observations with regard to the r61e 
played by the detonator. From moving film 
records he determined the relative positions of 
flame, explosion gases, and shock wave at any 
instant, and showed that the flame from a copper 
detonator does not ignite a firedamp-air mixture 
because it never comes in contact with it, but is 
shielded by a blanket of the products of detona¬ 
tion. Aluminium detonators are capable of 
igniting such mixtures, probably owing to the 
fact that the flame containing projected luminous 
burning particles of aluminium is projected 
through the detonation products and in advance 
of the shock wave. 

The Pressure Wave from Exploswes. —Experi¬ 
ments at Buxton have shown that it is j)ossible 
for the pressure wave from an explosiv^e to 
ignite firedamp-air mixtures without the inter¬ 
vention of any flame. A methane-air mixture 
containing 6-5% methane*, and initially at 
normal pressure and temperature, could be 
ignited if submitted rapidly by mechanical 
means to a compression of about 54 atmospheres. 
An experiment by the late H. B. Dixon (Eighth 
Ann. Kept. Safety in Mines Keseareh Board) 
has demonstrated how an explosive which has 
passed the official gallery test may yet cause an 
explosion of firedamp. The base of a small 
chamber was pierced and the hole covered with 
metal foil. When a firedamp-air mixture was 
suitably compressed in this chamber it was 
ignited and burst the foil ; a flame or hot gas 
penetrated through the hole and ignited a fire- 
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damp mixture retained at atmospheric pressure 
in an outer chamber. It is therefore inferred, 
from the ease with which a methane-air mixture 
can be ignited by the pressure developed by a 
detonating explosive, that when the latter is 
fired in coal or rock it may ignite a small 
pocket of firedamp-air in a “ break,” and the 
fiame from this may escape into and ignite 
firedamp in the open galleries. 

G. St. J. Perrott (Ind. Eng. Chem. 1927, 19, 
1293), by a photographic method apphed 
to shots in a testing gallery, observed that 
when an explosive was fired into a natural 
gas and air mixture, the fiame of ignition 
of the latter originated in advance of the flame 
from the explosive, presumably by the shock 
wave from the explosive. Payman (Trans. 
Inst. Min. Eng. 1928, 75, 210), however, does not 
regard this evidence as conclusive, and points 
out that the recording of the full extent of an 
explosive flame is very difficult, as some flames ; 
are practically non-actinic and yet sufficiently 
hot to ignite firedamp-air mixtures. 

The form and appearance of explosion waves 
have been examined by Payman and collabora¬ 
tors by the Schlieren method (W. Payman and 
H. Robinson, Explosives in Mines Research 
Board, Paper No. 18). The investigations have 
included the examination of shock and pressure 
waves sent out by a detonating gas mixture and 
from a small charge of explosive, i.e. that 
contained in a detonator. A method has been 
devised for obtaining an accurate record of the 
rate of propagation of the shock wave through 
the atmosphere, the length and duration of the 
flame produced, and the relative positions of the 
shock wave and flame at any instant. A series 
of instantaneous Schlieren photographs of the 
shock wave and gases accompanying the detona¬ 
tion of each of two permitted explosives were also 
taken at Buxton (Eighth Ann. Rept. Safety in 
Mines Research Board, 15). They supplement 
records obtained by continuous photography 
through a slit, on a moving film, in that they 
show the wave and gases in the whole of the 
vertical plane. This evidence goes to show that 
the effect of increasing the size of a charge 
of explosive, or of moving the detonator towards 
the back of the charge, is to increase the size of 
the explosion flame, to make it follow the com¬ 
pression wave more closely, and therefore 
presumably to increase the chance of an ignition 
of gas outside the bore hole. 

The effect of the position of the detonator is 
probably explained to a large extent by the 
directional projection of the products of 
detonation in the gun (H. Payman and W. 
Grimshaw, Safety in Mines Research Board, 
Paper No. 69). When the detonator is placed 
“ inverse,” that is, at the back of the gun point¬ 
ing towards the mouth, the detonation wave 
moves along the cartridge in the same direction 
as the expanding gases are escaping and so 
helps their projection, whereas with “ direct ” 
initiation, with the detonator pointing towards 
the back of the gun, the wave moves against the 
detonating gases. With inverse initiation, more 
perfect detonation is assured at the end of the 
cartridge nearest to the gas mixture. With 
direct initiation not only is the effect weakest 


round the detonator, but the gaseous products of 
detonation formed round the detonator are non- 
supporters of combustion and will fill the bore 
of the gun while the rest of the charge is 
detonating, and so will act as a kind of gaseous 
stemming. 

The pressure wave due to several explosives, 
including permitted explosives, detonated in the 
open, was investigated at Ardecr by the Hopkin- 
son Pressure Bar (Colliery Guardian, 1926, 131, 
429). The intensity of the pressure wave was 
found to be very largely a function of the 
velocity at which the explosive detonated, 
but was also dependent on other factors. It 
was also found in experiments at Ardeer and 
Rotherham (Safety in Mines Research Board, 
Paper No. 51), on the effect of the diameter of the 
cartridges of permitted explosive on the charge 
limit in the gallery test, that the safety decreased 
as the diameter increased. Work on the pressure 
bar not only confirmed the well-known fact that 
increase of diameter increases the velocity of 
detonation, but it also showed that it increased 
to an even greater degree the pressure wave 
sent out by an explosive. It might, therefore, 
be concluded from the above that the reduction 
of charge limit caused by increase of the diameter 
of the cartridges was due to increase in the 
pressure wave caused by the increase in velocity 
of detonation. 

A survey of the published information on the 
velocity of detonation of coal-mine explosives 
reveals the fact that most of them have relatively 
low velocity of detonation in the neighbourhood 
of 2,000 m. per sec. In this connection E. Jones 
(Proc. Roy. 800 . 1928, A, 120, 603) has deter¬ 
mined the velocity of detonation of permitted 
explosives by photographing the luminous wave 
which passes along the cartridge, on a film 
rotating in a plane at right-angles to the axis of 
the cartridge. By firing the explosive behind a 
narrow sht in a steel screen the results give 
velocities of detonation in substantial agree¬ 
ment with those obtained by the Dautriche 
method, and the photographs show definitely 
not only the low actinic value of the flame, but 
also the relatively low velocity of detonation of 
permitted explosives. 

I The effect of the pressure wave is, however, 

I only a contributory cause of ignitions of fire- 
I damp. Bey ling (Safety in Mines Research 
Board, Paper No. 74, p. 54), in his experiments 
at Gelsenkirchen, endeavoured to ascertain 
whether the compression obtained in front of the 
bore hole would cause ignition by placing 
lead plates at various distances in front of the 
gun. With explosive initiated by direct initia¬ 
tion he found that after the first increase of com¬ 
pression with increase of the charge very 
little further increase was obtained, so that the 
decrease of safety with further increase of charge 
could not be due to increase of the pressure 
wave. As previously stated, it was suspected to 
be due to undecomposed explosive shot out from 
the gun. 

Although the pressure wave from an explosive 
cannot be regarded as the most important 
factor in the ignition of inflammable gas mix¬ 
tures, yet it is of significance to note that 
the present-day gallery tests have led to a 
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reduction of the “ brisance ” of coal-mine 
explosives. Consideration of the power of per¬ 
mitted explosives reveals the fact that they 
approach a definite maximum in this respect. 
Lupus (Z. ges. Schiess- u. Sprengstoffw. 1925, 20, 
40) mentions that the value of the load block test of 
coal-mining explosives in Germany was not more 
than 200 c.o. and a special committee (Jahresber. 
IV, Ohem.-Tech. Reichsanstalt, 1924-26, 82) 
for fixing the test for German coal-mine explo¬ 
sives decided that the maximum value of the net 
Trauzl lead block expansion for these explosives 
should be 235±6 c.c. at 15°C. 

Effect of Sheathing ,—It had long been realised 
that an explosive which was safe when fired in 
the bore of a gun was not necessarily safe when 
fired in the bore hole. Even after the ordinary 
precautions have been taken, there are still 
dangers from: 

(1) An overcharged shot. 

(2) The presence of breaks in the coal. 

Before 1914 Lemaire had developed a sheath¬ 
ing for safety explosives, the use of which was 
subsequently made compulsory in certain 
classes of coal-mining in Belgium. He showed 
that this tyi>e of protective sheath, composed of 
mixtures of inert materials, such as sodium 
chloride, sodium fluoride, cryolite, etc., increased 
the safety of all types of explosive to firedamp 
and coal-dust. Coal-mine explosives (Ann. 
Mines Belg. 1927, 28, 3) wdiich could only 
be fired in charges up to 100 g. into firedamp-air 
mixtures without causing ignition could be 
safely fired up to 1,000 g. in sheaths. 

Early in 1933 a start was made with the intro¬ 
duction of sheathed explosives in Great Britain. 
Experimental work had been carried out at 
Buxton and at Ardeer to establish the most 
suitable sheathing material and the most 
convenient form of sheath. The investigations 
at Buxton covered materials having the following 
characteristics. 

1. Inhibitors of ignition of firedamp (potassium 
chloride), 

2. Physical cooling agents (iron filings). 

3 . Substances which give rise to inert gas or 
vapour such as carbon dioxide or steam, which 
forms a protective blanket between the products 
of detonation and the surrounding atmosphere 
(sodium bicarbonate). 

4. Chemical reducing agents which might 
abstract oxygen from the surrounding atmo¬ 
sphere, without producing flame, and thus prevent 
ignition (sodium hjrposulphite). 

Many of these sheathing materials when used 
as an envelope of | in. thickness round the 
cartridge of safety explosive increased the 
charge limit in the ordinary gallery test to such 
an extent that the gun would not hold the 
limiting charge. A much more severe test was 
therefore devised, in which the explosive was 
suspended free in the most sensitive methane-air 
mixture. Under these conditions a permitted 
explosive which did not ignite methane-air 
mixture at 8 oz. when fired from a gun ignited at 
less than 2 oz. The relative efficiencies of the 
sheathing materials tried are given in the 
table at the top of the next column. 

The advantage of using the cooling salt 
outside the cartridge was that it had little or 
VoL. IV.—36 


Comparison of the Effect of 8hbathinq 
Materials used with Tees Powder. 


Material. 

Character. 

Limit¬ 

ing 

charge 

(oz.). 

No sheath 

—— 

2 

( 3 ^ 2 -in. sheath)— 



Kieselguhr 

Low density 

4 

Lead sulphate 

High density 

0 

Sodium thiosulphate 

Reducing 

0 

Sodium bisulphite 

6 

Sodium formate 


8 

Manganese dioxide 

Oxidising 

8 

Ferrous oxalate 

Oxidising and 
cooling 

8 

Sodium carbonate 

Yields steam 

8 

(Cryst) 



Sodium hyposulphite 

Reducing 

10 

Sodium bicarbonate 

Gives CO 2 

10 

Iron filings 

Cooling (large 
surface) 

1 12 

Belgian Sheathing 

M ixtures, 

(a) Calcium fluoride 60 



Sodium chloride 25 

> Cooling 

0 

Plaster of Paris 25 

J 


(b) Calcium fluoride 83 
Clay 17 

} ■■ 

0 

(c) C-alcium fluoride 75 

\ 

8 

Plaster of Paris 25 

/ ” 


no eifect on the power or sensitiveness to pro¬ 
pagation of the explosive (C. A. Naylor and 
R. y. Wheeler, Trans. Inst. Min. Eng. 1934, 
86 , 345). A short account of the experiments 
leading up to the introduction of sheathed 
explosives in Belgium and in Great Britain is 
given by C. A. Naylor, W. Payman and R. V. 
Wheeler in Safety in Mines Research Board 
Paper No. 90, on “ Sheathed Explosives.” 

Owdng to its cheapness and general efficiency, 
sodium bicarbonate was considered the most 
suitable of the materials tested and a number of 
permitted explosives are now issued in cart¬ 
ridges sheathed with a layer of sodium bicar¬ 
bonate and an outer non-waterproof paper 
wrapper, the layer of sheathing being about 

in. thick. 

Before being placed on the authorised list 
these sheathed explosives are subraittod to a 
“ rough usage ” trial to test the strength of the 
wrapper and the compactness of the sheathing 
material. The inner wrapper of the explosive 
cartridge has to be dipped in wax to prevent 
interaction between the sodium bicarbonate and 
the explosive. It was at first thought to be 
safer to use a fireproofed outer wrapper for 
sheathed explosives, and the Belgian regulations 
demand that the outer wrapper shall not be 
waxed. However, experiments were made at 
Buxton with the explosive freely suspended in 
the methane-air mixture, under which con¬ 
ditions the burning of the outer wrapper is most 
likely to result. Under these circumstances and 
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also when the explosive was fired from a steel 
cannon with direct and inverse initiation, the 
results with the waxed wrapper were the same as 
with the fireproofed wrapper (Safety in Mines 
Research Board, Paper No. 90). The present 
practice is to use an outer \iTapper of non-waxed, 
non-fireproofed paper. The “ permitted ” 
explosives whidi may now be used in a sheathed 
condition are marked with the suffix letter 
“ 8 ” in the List of Authorised Explosives. 

The question of the relative safety of “ per¬ 
mitted ” explosives was discussed before the 
Royal Commission on Safety in Coal Mines 
(Minutes 1937). In the course of the evidence 
given. Dr. Wheeler mentioned that sheathed 
explosives had been in use in Belgium for over 
12 years and no explosion in gas or dust had 
resulted from the use of such explosives. He 
thought that the use of sheathed explosives in 
fiery mines should be enforced by statutory 
requirement. He also stated that the sheathing 
of the end of the cartridge gave no increase in 
safety. O. 1*. Jones gave the increase of safety 
introduced ])y sheathing as, on the average, 
threefold and mentioned that, to replace the 
somewhat fragile bicarbonate powder sheath, a 
bicarbonate felt, patented by J. 8. B. Fleming 
(B.P. 41b58()), consisting of 90% sodium 

bicarbonate and 10% paper pulp, was being 
developed which would be wrapped round the 
cartridge, to produ(‘e the sheath. By this 
method it was possible to sheath low density 
permitted explosives which were difficult to 
sheath by the ordinary shaking process used with 
sodium bicarbonate powder, owing to the 
vibration causing the settling down of the low 
density explosive. Another sheathing material 
which can be wrapped round the explosive in a 
flexible sheet, cjonsisting of cooling salts mixed 
with glyc^erin and gelatin, is patented by 
Payn, White and I.C.I. (B.P. 424784). 

While these steps are being taken to make the 
sheath as efficient as possible, still further 
refinements have been discovered to add further 
to the safety. Thus A. G. White (B.P. 420916) 
has shown that increased safety is attained by 
decreasing the velocity of detonation of the 
explosive, by suitable control of the grist of the 
ingredients of the explosive. 

In 1937 the proportion of sheathed explosives 
used was about 40% of the total permitted 
explosive used (J. E. Lambert, Trans. Inst. Min. 
Eng. 1937, 94, 36), and the proportion is 
increasing. 

Other factors (Safety in Mines Research Board, 
Paper No. 69) which increase safety are the use of 
sufficient stemming, the avoidance of cracks or 
breaks across or near the shot hole, and the use 
of as few separate cartridges as possible. It 
should be noted that even with stemmed 
explosives direct initiation is usually safer than 
inverse. 

The relative importance of coal-mine explo¬ 
sives may be inferred from the fact that out of a 
total consumption of 37,491,690 lb. of explosives 
of all kinds utilised in Great Britain during 
1936, 20,011,864 lb. or 63-4% were permitted 
explosives. 

The sheathing of coal-mine explosives has 
recently been adopted in Germany (A. Berg, 


Gliickauf. 1938, 74, 460), but the sheathing 
material consists of sodium bicarbonate mixed 
with a small proportion of nitroglycerin. It is 
stated that this sheathing material, while giving 
a high degree of safety against ignition by fire¬ 
damp, contributes a certain amount of power 
and does not impair the sensitiveness to pro¬ 
pagation of explosion from one cartridge to 
another. 

Substitutes for Coal-Mine Explosives .—The 
search for maximum safety in fiery coal-mines 
led to the investigation of other methods of 
bringing down the coal. One of the more 
recent developments in this direction is the 
use of a steel shell filled with carbon dioxide 
under pressure, the end of the cartridge being 
closed with a steel diaphragm wffiich shears 
when a definite pressure is reached. The idea 
has been developed in the Cardox blasting process 
for coal-getting. The steel shells are used in 
the same way as explosive cartridges. The 
heating of the carbon dioxide is effected by a 
heater containing a mixture of potassium 
perchlorate and organic matter which is fired 
electrically. The heat evolved produces a 
sudden pressure of over 30,000 lb. per sq. in., 
which by the shearing of the diaphragm is 
transferred to the coal. It is stated that it 
gives an increase of lump coal as compared with 
j)ermitted cxplovsives. The use of (!ardox 
cartridges (Explosives in (k)al Mines Orders of 
May 13, 1930 ; June 26, 1931 ; and May 11, 
1932, and later) of a specified type has been 
allowed under conditions similar to those 
applying to permitted explosives. 

A further development has been the use of 
Hydrox Powder and Hydrox Powder No. 2 in 
steel cartridges to replace the liquid carbon 
dioxide (Statutory Rules and Orders, 1936, 
No. 846). These powders consist of mixtures of 
sodium nitrite and ammonium chloride with 
sodium carbonate or magnesium oxide as 
stabilisers. The use of these and other exo¬ 
thermic gas-producing mixtures is protected by 
patents filed by Taylor, Young and I.C.I. (B.P. 
430258, 431936, 431948, 436144 and 436860). 
These mixtures are initiated by an electric 
powder fuse, and a specially designed non- 
detonating safety igniter has also been sug¬ 
gested (J. Taylor and W. Young, B.P. 431950). 

T J R A 

EXTRACTION APPARATUS—IN- 
DUSTRIAL. The term “extraction” is a 
general one and covers usually those processes 
in which a soluble constituent is removed 
from a solid or a liquid by use of a solvent, and 
the aim is to obtain as concentrated a solution as 
possible. The operation of washing, though 
carried out in some types of plant similar 
to extraction plants, is distinct from extraction, 
for the aim is to remove some unwanted soluble 
impurity, and the quantity of solvent used is 
not of primary importance. 

The term leaching is usually employed where 
water is used as a solvent. Extraction processes 
can be found generally to consist of a diffusion 
process followed by one of separation, and the 
plant used has to carry out both processes. 

The theory of extraction at present is quite 
inadequate, for few quantitative studies have 
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been made, and the apparatus used industrially 
has been developed from experience and con¬ 
venience rather than by technical considerations 
of the problem. 

The apparatus is best considered by grouping it 
under («) that used for solids, and {b) that used 
for liquids. 

Extraction of Solids. 

For the extraction of coarse solids, three main 
groups of plant arc used, namely : 

(A) Tanks and Extraction Batteries. 

(B) Diffusion Batteries. 

(C) Drag Classifiers. 

Tanks. —Open tanks are the earliest and 
simplest forms of extraction apparatus. The 


tanks are fitted with false bottoms covered with 
filtering medium, and are charged with material 
to be treated and then flooded with solvent, 
which after a varying period is run off. The 
filter bottoms are varied and consist of devices 
which support the filtering medium, and 
allow the solvent to flow away from the un¬ 
dissolved material. A typical false bottom 
consists of perforated boards supported on 
notched bearers. 8ome of the filtering media 
used arc graded gravel, (vjconut matting, 
woollen cloth and camel hair. Fig. 1 shows 
one typical false bottom. Discharge doors 
usually are built into the sides or bottoms 
of the tanks. 

When single tanks are used, and one charge of 
solvent containing dissolved material has been 
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removed, it is usually necessary to introduce 
other charges of solvent to remove soluble 
matter not already extracted and to remove 
solution that adheres to the inert solids. This is 
usually carried out by having several charges of 
solvent which are reserved for treating further 
batches in order to utilise as small a quantity of 
solvent as possible. Fresh solvent is only 
used for the last wash on material about to be 
discharged, and when run off is used as the 
penultimate charge on the next batch. On the 
smaller scale this procedure can be carried out 
by having one extraction vessel, and a number of 
solvent storage tanks, but on the large scale a 
number of extraction vessels are employed and 
the plant is known as an extraction battery. 
In the sugar industry, a number of closed 
vessels are used and the plant is then known as a 
diffusion battery. 

An extraction plant utilising several charges 
of solvent is shown in Fig. 2 (Peck, Quart. J. 
Pharm. 1930, 9, 401). 

Here three receivers arc connected to the 
extraction vessels so that the extracted material 
can have four charges of solvent before l)eing 
discharged. After a fresh charge of material 
has been introduced, the charge of solvent from 
receiver No. 1, which has already passed through 
three charges of material, is pumped on the 
material and after diffusion has taken place is 
withdrawn from the system for further pro¬ 
cessing. The solution in receiver No. 2 is then 
run into the extraction vessel, then pumped 
back to receiver No. 1, The solution in receiver 



No. 3 is similarly passed through the extraction 
vessel to receiver No. 2 and a fresh charge of 
solvent finally run on the now nearly extracted 
material and passed to receiver No. 1. The 
material in the extraction vessel is then dis¬ 
charged. 

The handling of larger quantities of material 
by this system has been developed by mech¬ 
anically operating the valves. The use of a 
single extraction vessel with multiple solvent 
storage tanks used for the extraction of 
fats from oil seeds is described by JSimon and 
Hinchley (Trans. Inst. Chem. Eng. 1926, 4, 
115). A cylindrical casing mounted on a 
horizontal axis and having a perforated basket 
inside mounted co-axially and being capable of 
revolving at different speeds is used, and is 
shown in Fig. 3. The material to be extracted 
is introduced into the perforated basket by 
a quick closing door on the end of the outer 
jacket. Solvent already used on previous 
charges is introduced through the hollow shaft 
with the cage revolving slowly, and acts on the 
material held on the wall of the cage by centri¬ 
fugal force, and is then removed. By an in¬ 
genious automatic arrangement of valves and 
tanks, several charges of solvent can be passed 
through the plant; the last wash, being pure 
solvent, is introduced with the cage revolving 
at high speed. 

Very rapid extraction of the oil seeds is 
claimed, and high quality of oil produced due to 
the short time cycle. 

Extraction Battery. —An extraction battery 
is adopted when a stronger solution is required 
than that obtained by one charge of material in 
one tank of solvent. It consists of a number of 
open tanks, each as previously described, with 
f^e perforated bottoms containing material at 
vaiious stages of extraction. The battery is 
operated on the counter-current system, that 
is, fresh solvent is introduced into the tank 
containing the most nearly extracted solid, and 
flows through several tanks in series until it is 
finally withdrawn from the most recently 
charged tank. The material is not moved, but by 
a system of piping and siphons fresh solvent, 
usually water, can be introduced into any tank 
and strong solution drawn from any tank, so 
that it is possible to discharge and recharge any 
one tank at a time. The system is known as 




Fig. 2. 
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the Shanks process, and when the battery is 
installed all on one level, as is now usual, some 
loss of head is experienced, as the liquor has to 
enter each tank at successively lower levels. A 
typical tannin battery is described by Donald 
{ibid. 1937, 16, pt. 1, 83), and is shown in 
Fig. 4. A proportion of true counter-current 
flow is thereby sacrificed, but this is more 
than counterbalanced by the avoidance of 


Every cell has three valves and usually one 
heater. Cell No. 1 has material now nearly 
exhausted, and cell No. 3 has been freshly 
charged with material. The voids in cell No. 3 
are therefore filled with air. Solvent is intro¬ 
duced into cell No. 1 from the solvent pipe 
through valve lA, and flows down cell No. 1, 
up heater No. 1 through valve 1C down cell 
No. 2 and up heater No. 2. For entry to the 
freshly charged cell the direction of 



flow is changed and the solution 
from heater No. 2 is caused to flow 
upwards through cell No. 3, in order 
to vent the air at the top. This is 
carried out by causing the solution 
to flow through valve 2B and then 
through valve 3B down the heater 
No. 3, and upwards through cell 
No. 3. The solution leaving ('ell 
No. 2 and before entering coll No. 3 
passes through two heaters, as the 
fresh material is cold and the extrac¬ 
tion is best carried out at some 
optimum temperature at which 
diffusion is most rapid. 



Diffusion is allowed to take place 
until equilibrium is (^established. For 
beet cossottes the time is from 20 to 
45 minutes. Then the valves are 
changed so that solvent flows through 
lA, through cell No. 1 up heater No. 
1, through 1C, down cell No. 2, up 
heater No. 2 down cell No. 3, and up 
lu^ater No. 3, and through 3B, to th(^ 


Fig. 4. 


solution line. 

This cycle is continued until cell 


No. 1 is exhausted and another cell 


handling the solid during extraction, as is 
necessary w'hen the tanks are placed in tiers. 
The most important uses of this process at 
present is in the Chilean nitrate fields and in 
the production of tan bark extracts. On 
large batteries as used in the extraction of copper 
ores, when the tanks each measure 170 ft.X 
150 ft.X 17 ft. 6 in., the liquors are pumped 
from one tank to another. 

Diffusion Batteries. —In some industries 
the concentrated liquors are very dense and in 
order to avoid having to put the entry to each 
tank in a battery Below the top, with the con¬ 
sequent loss of counter-current flow, diffusion 
batteries were devised. 

A diff usion battery consists of a series of closed 
vessels, instead of open tanks, connected in the 
same manner as in the Shanks process, the 
characteristic of the closed vessels being that 
hydraulic pressure can be used to cause the 
solutions to flow through the vessels. The sugar 
beet industry has made extended use of diffusion 
batteries, and in consequence the arrangement 
of the valve and piping has become standardised. 
To a somewhat lesser extent, the diffusion 
battery is used in the manufacture of tanning 
and dyewood extracts, and it is also used in the 
soda and sulphate process for paper pulp, for the 
leaching of black ash, and in the initial stages 
of the manufacture of starch for the steeping 
of the raw material, com. A diffusion battery 
of three cells is diagrammatically shown in 
Fig. 5. 


to the right has been (diarged. Then cell No. 1 
is discharged, fresh solvent introduced into 
cell No. 2 and the process contimuHl with this 
cell as the nearly exhausted cell. 



As there are usually a number of cells, six to 
eight are common, they are sometimes arranged 
in a circle. If they are built in a straight line 
then a third pipe line, called a return pipe, is 
provided to carry solution from one end of the 
battery to the other, when the first and last 
cells are in the intermediate extraction positions. 
A diffusion battery used at normal temperature 
is shown in Fig. 6. 

Diffusion batteries operate on the batch 
principle, i.e, the one extractor is charged with 
material, introduced into the battery and then 
when fully extracted is cut out of the operating 
line and discharged. Plant have therefore been 
developed which operate on the continuous 
principle. Some of the plant for the leaching 
of beet sugar embody a horizontal trough or 
cylinder containing an Archimedean spiral. 
The principle on which the plant operate is to 
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Rotating Plate P with Inclined Plat^ 
Fig. 9. 


charge cossettes in at one end and liquor at the 
other and the cossettes are propelled counter- 
current to the flow of liquor. The spiral was 
made of metal cloth to allow the liquid to flow 
down the cylinder, but difficulties involved in 
preventing short-circuiting of the liquid have 
resulted in several types of plant being developed 
all operating with a single horizontal cylinder. 

Paschen (B.P. 228948, 1926 ; G.P. 612092, 
1932) inserted weirs along the trough to prevent 
this defect, and later proposed circular per¬ 
forated screens, to obtain a number, about 23, of 
compartments each equipped with sweep arms 
mounted on a shaft which extends the full 
length of the compartments, and which propel 
the cossettes through the plant. The perforated 
partitions allow the juice to flow through over 
the weirs into the next compartment. Later 
designs of the plant advanced the cossettes by a 
side spiral conveyor. Pig. 7 (p. 667) shows the 
development of the apparatus. 

The Tirlemontoise diffusion plant (B.P. 
368837, 1930 ; 366007, 1932) consists of a 
cylinder 18 m. by 3*20 m. diameter, resting on 
rollers, and which is rotated by gearing on to a 
toothed ring. Fixed to the internal wall of 
the cylinder is a helicoidal sheet which divides 
the cylinder into compartments and ingeniously 
carries inclined plates which act by lifting the 
cossettes' from' the liquid to allow them to 
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drain and then introduce them into the liquid A typical example is the Olier continuous beet 
in the next compartment. Figs. 8 and 9 show diffuser (B.P. 286668, 1928, reported on by 
the plant and its subsequent modifications. Penard, Bull. Assoc. Chim. Suer. 1931, 48, 499, 
The Reiher apparatus (B.P. 352923, see Fig. 508) and this plant is shown in Fig. 11 (p. 570)! 
10) consists of a rotating drum having lifting The plant consists of vertical tubes, and return 
members extending in a longitudinal direction, tubes, through which is an endless chain 
and having comb-shaped interruptions. A carrying equidistantly spaced circular discs, 
spiral, also perforated, is fitted in the drum. The chain conveys cossettes, from an auto- 
80 that the beet cossettes are lifted from the matically controlled feeding device, through the 
liquor, drained and then dropped into another tubular plant, whilst liquor flows in a counter¬ 
trough compartment, in counter-current flow current direction. Thermostatically controlled 
to the liquor. steam injectors are provided at various points of 

The Phillip continuous diffusion plant con- the tubes, and the exhausted cossettes are finally 
sists of twelve troughs arranged on an incline, removed on a conveyor band, 
each having a conveyor for advancing the slices In order that the exhausted cossettes ho 
from the lowest to the highest trough, the suitable for use as cattle food, they have 
exhausted cossettes being sprayed with water eventually to be dried. In some plant devices 
before being discharged (Deut. Zuckerind. are incorporated to remove as much solution as 
1923, 58, 232-234). possible, so that the drying cost is reduced to a 

Continuous diffusion plant which convoy the minimum. Such devices consist of presses in 
cossettes in a vertical direction are also operated, the form of an Archimedean screw with a 



Fig. 10. 


central shaft of increasing diameter rotating in temperature is fed through the solvent inlet, 
an outer perforated cylinder, which expresses located within and near the top of the screw 
liquor from the spent cossettes. conveyor housing. The heated solvent passes 

Another type of vertical continuous extraction downward through the screw conveyor, past 
plant, developed for the extraction of oil from the end of the housing and rises counter¬ 
seeds, is the Bartlett and Snow extractor. It is currently with the oil-bearing material, to be 
described by Bighouse (Chem. Met. Eng. 1934,41, withdrawn through the screens and piped to the 
482), and is shown in Fig. 12 (p. 671). The ex- distilling unit. The meal saturated with 
tractor consists of a steel tank placed vertically solvent but free from oil is passed down a 
having a cone-shaped bottom section. On chute to an evaporator, where solvent and 
the central axis is built vertically a screw solvent vapour are removed. The evaporator 
conveyor housed in a steam-jacketed section consists of a series of steam-jacketed pipes fitted 
which extends downward to the upper regions of with cut flight conveyors, with provision for the 
the cone. The lower end of the screw conveyor is passage of the solvent vapour. The meal is 
fitted with an agitator. The oil-bearing material, discharged from a pipe into a receiving hopper of 
first crushed or cut to desired fineness, is fed into similar pipe, until it is finally passed out, free 
the extractor with a variable screw feeder, a from solvent, for storage, 
rotary pocket feeder or some other device Classifiers. —For the extraction of granular 

wherein the material forms an air seal. On materials not fine enough to remain in suspension 
entering the extractor the material falls on a in the solvent and which contains solute in a 
revolving plate that automatically distributes form suitable for surface washing, classifiers 
it evenly in the annular space between the tank can be used. A classifier consists of a rect- 
section and the screw conveyor housing, angular tank with a sloping bottom and has a 
Meanwhile, solvent heated to an optimum series of rakes which are moved mechanically 
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up the sloping bottom, then raised and returned Extraction of Fine Material. —When the 
to the original position. It is shown in Fig. 13. raw material is in the form of a line powder, 
The operation of the rakes turns the material about 200 mesh, so that it is capable of being 
over and over up the sloping bottom against a kept in suspension by agitation, apparatus 
flow of solvent, and the extracted material is of simpler design is employed. This type of 
finally discharged out of the tank. apparatus was developed in the gold mining 



Fig. 12. 

industry and is principally employed for the provided with mixing devices, cither paddles, pro> 
leaching of ores or precipitates. The apparatus pellers or air jets. One such construction is the 
consists of a vessel in which the solids are Pachuca tank shown in Fig. 14 (p. 572). It 
kept in suspension in the solvent for solution consists of a cylindrical tank with a conical 
of the soluble matter to take place, together bottom, the diarat^ter of the tank being about one- 
with separation devices, whereby the solid is third to one-fifth of the height. A central vertical 
caused to settle and the clear liquid is obtained, tube is provided, open at the top and the bottom, 
The solution vessel can be any type of tank reaching from near the bottom to some distance 



Fia. 13. 
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below the top. In the central tube an air line 
is fitted and when the tank is charged with solid 
and liquid, the air introduced causes circulation 
of the materials up the central tube and down 
the annular space, so that the solids are kept in 
suspension. Further air jets are provided in the 
conical portion of the tank so that solid material 
that has settled there for any reason can be 
loosened and agitation recommenced. 

Another type of plant widely used for the 
extraction of fine materials is the Dorr agitator 



shown in Fig. 15. It consists of a circular, 
flat-bottomed tank in which operates an agitat¬ 
ing mechanism supported by a superstructure. 
The agitator mechanism consists of a revolving 
central shaft, air lift, distributing launder and 
raking arms. The central shaft is driven by 
bevel gears in two bearings on the super¬ 
structure. The lower end of the shaft carries a 
head casting to which is attached an air lift 
column reaching almost to the bottom of the 
tank, and carrying at its lower end two radial 
raking arms fitted with plough blades. To the 
head casting are attached two radial distributing 
launders. The slowly revolving raking arms 


sweep the settled material to the central air 
lift, where it is raised and distributed over the 
surface of the liquid by means of the launders. 
Arrangements for lifting the bottom arms are 
provided so that they are not buried in settled 
material when not rotating. 

On the small scale the agitation vessel can be 
used for the settling of the undissolved solids, 
so that the clear solution can be withdrawn. 
On the large scale, however, it is desirable to 
operate continuously, and a modification of the 
foregoing system is necessary and known as 
continuous counter-current decantation or multi¬ 
stage extraction. The agitators are used solely 
for their primary purpose and after solution 
has taken place the suspension is run to separa¬ 
tion plant consisting of a series of vessels known 
as thickeners. 

The Dorr thickener shown in Fig. 16 consists 
of a flat-bottomed tank of largo diameter 
compared with depth and has a central shaft 
on which are slowly revolving arms with plough 
scrapers. The suspension of solid and liquid 
from the agitators is fed to a central well at the 
top of the shaft and is so introduced into the 
thickener with as little disturbance as possible. 
The dimensions of the tank are such that the 
solids from the quantity of liquid have sufficient 
time to settle. Clear liquid containing the 
soluble matter overflows into a launder round 
the upper edge of the thickener. The solids 
separated at the bottom of the tank are gradually 
moved by the scrapers on the revolving arms 
to the centre and there removed. In the 
counter-current decantation plant, one or 
several agitators, arranged in series, deliver the 
product to the first of a series of thickeners now 
superimposed. The flow sheet of the process is 
shown in Fig. 17 (p. 574). Solids separate and 
flow by gravity from the top compartment to 
the bottom one. Wash water is introduced in 
the bottom compartment and the solids are 
progressively impoverished in dissolved values 
through contact with progressively weaker wash 
solutions, and the wash water is progressively 
enriched in dissolved values through coming in 
contact with solids containing more and more 
of these values. Only three products leave the 
system, a strong solution containing the bulk of 
the values, a weaker solution which is returned 
to the agitators, and a well-washed sludge 
containing inappreciable amounts of dissolved 
values. The system is used for the separation of 
caustic soda from lime mud, and for the separa¬ 
tion of phosphoric acid from precipitated calcium 
sulphate. 


Extbaotion Plant Operating by Repeated 
Distillation of the Solvent. 

Where the solvent used for the extraction 
process has a short boiling range, and the 
extracted material is unaffected by prolonged 
heat, apparatus embodying recovery stills 
with extraction or diffusion vessels are em¬ 
ployed. With this type of plant the total 
volume of solvent used can be greatly restricted, 
by distilling the solvent and allowing it to flow 
continuously over the material to be extracted. 
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During the passage of the solvent over the raw 
material, it dissolves soluble matter and, on 
passing to the still, the extracted matter is left 



there and the solvent distilled back to the 
extraction vessel. The plant shown in Kig. 18 
show three variations in the design of plant of 


this character (Peck, Ind. Chem. 1936, 12, 321). 
They are (A) where the solvent is condensed 
and flows downward through the material in a 
continuous stream, (B) where the solvent passes 
through the material as vapour and l3eing 
condensed in the reflux condenser passes down¬ 
wards again through the material back to the 
still, and (C) where the solvent is condensed by 
the reflux condenser and flows to the material 
in the extraction vessel and after diffusion has 
taken place passes by a siphon pipe back to the 
still. 


Extraction of Liquids. 

No apparatus is yet standardised for the 
extraction of liquid by liquid, as this field is 
industrially new. However, the process is now 
commercially operated in the solvent refining 
of lubricating oils, and the extraction of acetic 
acid from wood distillation litiuors. For batch 
operfltions as in the acid washing of petroleum 
fractions, tanks with conical bottoms with 
propeller agitators in draught tubes are em¬ 
ployed, and after sufficient interaction has taken 
place, the liquids are allowed to separate and 
then decanted. 




For larger quantities, tall vertical towers fitted 
with a number of horizontal baffles, either of the 
ring or disc type, or with staggered plates are 
used. The heavier liquid is fed at the top of the 
tower and cascades down from plate to plate. 
The lighter liquid is fed at the bottom and 
flows upward counter-current to the heavier 
liquid. For batch operation the towers are 
built with a smaller diameter in the middle 
sections in order to give a sharper separation 
of the liquids, and the heavier liquid is con¬ 


tinuously pumped to a spray at the top of the 
tower. 

Counter-current extraction is also approxi¬ 
mately obtained by the use of a horizontal 
cylinder divided by a number of staggered baffles 
placed at right-angles to the axis. Each com¬ 
partment thus obtained has a spray nozzle at the 
top and a pump connected at the bottom. The 
lighter liquid is fed at one end and passes 
through the extractor from compartment to 
compartment and leaves at the opposite end. 
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The heavier liquid is pumped 
through the spray nozzle into the 
last compartment, falls through the 
lighter liquid, and is withdrawn at 
the bottom by the pump and 
sprayed into the next compart¬ 
ment, and is similarly circulated 
through the remaining compart¬ 
ments. Another typo of liquid 
liquid extractor of successful indus¬ 
trial operation is described by 
Morgan (Trans. Inst, Ohein. Eng. 
1933, 2, 169) and shown in Fig. 
19. A cylindrical extractor, the 
height of which is about six times 
its diameter, holds the solution 
to be extracted. The solvent is 
heated in a still and the vapour 
passes up a vapour pipe to two 
condensers, the second of which 
acts as a safety valve. From the 
condenser liquid solvent is de¬ 
livered to a receiver mounted 
above the extractor and flows 
down a long pipe to the base of 
the extractor and issuc*s through 
several nozzles. Then flnely dis¬ 
persed it dissolves out soluble 
material from the inimiscible 
liquid and collects at the top of 
the extractor. From here it 
overflows through a pipe line 
back to the still continuously, 
and the solvent is vaporised to 
the condensers to complete a 
continuous cycle. Extractors of 
this type have been successfully 
used in the isolation of organic 
substances dissolved in water, 

W. C. P. 



EXTRACTION APPARATUS—LABO- ratus, e.g. Biichner funnels, can be adapted as 
RATORY TYPES. The object of extrac- de8cril)cd by Liston and l)ehn (Ind. Eng, Chem. 
tion is to dissolve out one or more constituents (Anal.], 1933, 5, 300), and even used in the 
from a substance by treatment with a solvent, ordinary manner for extraction with low-boiling 
When the substance is a miid it may be allowed solvents such as liquid ammonia, provided that 
to soak in the solvent at ordinary temperatures an eflicient draught is maintained to carry away 
(maceration) or at elevated temperatures fumes (Billman and Audrieth, J. Aracr. Chem. 
(digestion), the solution or extract being later Soc. 1938, 60 , 1945). An apparatus assembled 
separated. Both methods are included in the from ordinary laboratory apparatus for the 
term infusion; a third method is to boil the extraction of solids has been described by Tanner 
substance with the solvent (decoction), and a (Ind. Eng. f’hem. (Anal.], 1932, 4 , 397). In a 
fourth is to allows the solvent to descend through tall beaker containing some solvent is placed a 
a column of the substance contained in a suitable tripod made from thin glass rod. A crystallising 
vessel (percolation or displacement). The treat- dish rests in an inclined position on the tripod 
ment required when the substance is a liquid will and contains the material to be extracted in a 
be considered later. folded filt/(T paper. Suspended in the mouth of 

the beaker to act as a condensiT is a distilling 
flask through which water flows. This apjm- 
ratus, which is especially useful fur the purifica- 
The fundamental type of extraction apparatus tion of organic compounds, resembles one 
is the simple percolator consisting of two suggested by Conant (Organic Syntheses, 1922, 
connecting vessels, the upper to hold the 2, 49). In Conant’s apparatus a filter funnel is 
substance to be extracted, the lower to collect used to support the solid and it therefore suffers 
the solution. A perforated disc covered with from the disadvantage that channels readily 
filter cloth or paper prevents solid from entering form in the mass of solid. For the use of wire- 
the lower vessel. Cold percolation of some plant gauze suspended in a beaker, aec Brown, 
materials is preferable to hot extraction since Chemist-Analyst, 1929,18, No. 3, 22. 
the drug or other preparation obtained is not In the laborato^, most extractions except 
contaminated with so much “ extractive for tanning materials are made with solvents 
matter.” Frequently, ordinary filtration appa- other than water. For the aqueous extractions, 
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see Procter’s “ Leather Industries’ Lab. Book 
of Anal, and Exp. Methods,” 1908. Further 
references are: WoUny, Z. anal. Chem. 1886, 
24 , 60; Koch, Dinglers polytech. J. 1888, 267 , 
515; von Schroeder, Z. anal. Chem. 1886, 25 , 
132; Procter, J.S.C.I. 1892, 11 , 331; Boegh, 
ibid. 1899, 18 , 303, giving comparative results 
with various apparatus; Veitch, J. Amer. Chem. 
Soc. 1905, 27 , 724; 1906, 28 , 505, recommends 
the use of water in adaptations of Zulkowski’s 
or Soxhlot’s apparatus; Rogers, ibid. 1906, 28 , 
194 ; Benson and Thompson, Ind. Eng. Chem. 
1915, 7 , 915 ; Merrill, J. Amer. Leather Chem. 
Assoc. 1929, 24 , 244 ; Wilson and Kern, Ind. 
Eng. Chem. 1921, 13 , 772, a simple apparatus 
for shaking out with solvent ; Parsy, J. Inter¬ 
national Leather Trades Chem. 1930, 14 , 117, 
proposes an automatic modification of Procter’s 
apparatus; Sheard, J. Amer. Leather Chem. 
Assoc. 1934, 29 , 288, the last two being intended 
particularly for the analysis of tanning materials. 
An apparatus for the repeated washing of 
precipitates with the same small quantity of 
wasliing liquid has been described by Simmonds 
(Chem. Eng. Mining Rev. 1932, 24 , 132). 

SoLVENT.S OTHER THAN WATER.—^In an I 
apparatus for use with special solvents it is 
necessary to use the minimum quantity of 
solvent and to avoid loss either mechanically or 
by evaporation. Innumerable forms for labora¬ 
tory use have been described, many of fragile 
intricacy and beauty, but for the most part they 
operate a continuous circular process so that 
solvent recovered from the extract is used for 
further extraction. In general they are auto¬ 
matic in action and consist of (i) a receiver in 
which solvent is boiled and to which the extract 
returns, (ii) a tube or space to lead vapour to a 
condenser which returns liquid to (iii) the 
extraction vessel. If this tube is outside the 
apparatus then cold extraction takes place, but 
if the tube surrounds the extraction vessel or if 
the ascending vapour is made to mix with the 
condensate flowing on to the substance, then the 
operation can be conducted at temperatures up 
to the boiling-point of the solvent. The three 
main plans on which these extractors are con¬ 
structed are: 

A. Percolation. 

B. Continuous infusion, the substance in this 
case being always immersed in the solution. 

C. Intermittent infusion. This method has 
the advantage that the solution in contact with 
the substance is periodically replaced by a fresh 
quantity and, since the introduction by Szom- 
bathy and Soxhlet of the siphon in place of a 
simple overflow tube, has been brought to a 
high degree of perfection. 

There are a number of practical difficulties 
which have to be met. Thus, if corks are used 
they may yield extractives to the solvent and 
previous exhaustion may be necessary, but this 
treatment injures the corks. A covering of tin 
foil is one remedy proposed, while the use of 
chrome-gelatin is recommended by Neumann 
(Ber. 1886, 18 , 3064). The cork is first coated 
with a preparation (made by dissolving 4 parts 
of gelatin in 62 parts of boiling water, filtering 
and adding 1 part of ammonium dichromate), 
and is then exposed to light for 2 days, which 


renders the coating insoluble in water and 
neutral organic solvents. Mercury seals were 
sometimes used on the older types of extraction 
apparatus and even in modern modifications 
{e.g. Binnington, Ind. Eng. Chem. [Anal.], 
1932, 4, 126). A simple mercury joint is 
described by Leather (J.S.C.I. 1889, 8, 81). 
Ground-glass joints are employed much more 
frequently since the introduction of standard 
sizes. 

To prevent portions of the substance under 
extraction from being washed into the receiver, 
the solid is enclosed in a cartridge or thimble of 
filter paper, or in the larger forms of apparatus 
it is tied in a cloth. Boeck (Ind. Eng. Chem. 
1912, 4, 303) recommends a thimble made of 
alundum crushed and fired with a bonding 
material. Forbes {ibid. 644) finds that alundum 
vessels vary in weight if dried at 160°. 
Aluminium cups perforated at the bottom to 
hold the substance or a thimble containing it 
(Richardson and Scherubel, ibid. 220; Bersch, 
J.S.C.I. 1901, 20, 389) and porcelain Gooch 
crucibles have been similarly used in several 
forms of percolation apparatus. 

If the solvent required for an extraction is a 
mixture of liquids of dilferent boiling-points, 
then care must be taken in the selection of the 
apparatus used because certain types incor¬ 
porating a siphon heated by the vapour stream 
do not operate satisfactorily with such a solvent. 
Under these conditions the more volatile 
portions of the solvent tend to accumulate in the 
extractor while the siphon becomes superheated 
by the vapours of higher-boiling constituents 
(Ford, J. Amer. Chem. ISoc. 1912, 84, 652 ; 
Warren, J. Assoc. Olf. Agric. Chem. 1934, 17, 
516). An investigation of liquid mixtures of 
constant boiling-point suitable for solvent extrac¬ 
tion has been made by Reilly, Kelly and Ryan 
(J.S.C.I. 1937, 66, 23IT), and they report on 
22 binary and also on 10 two-phase ternary 
mixtures containing water. An extractor using 
a solution of volatile and non-volatile phases is 
described by Bailey (Science, 1935,81, 317). 

The difficulty frequently arises in the treat¬ 
ment of biological materials in an apparatus 
requiring the use of a thimble that preferential 
passage of ether through the filter paper occurs, 
but this may be obviated by using a glass tube 
open at both ends and of such diameter as to 
fit closely in the thimble. For quantitative work 
a cut-off test-tube with holes blown in the round 
end and containing a layer of cotton at the 
bottom is used as a thimble (Blank, Cereal 
Chem, 1935, 12, 643). 

Many accessories have been devised to 
simplify extractors or to shorten the time of 
extraction; some devices divert at will the flow 
of condensed solvent from returning to the 
receiver and collect it apart. In this way, at 
the end of an extraction the solvent can be 
distilled off and recovered without disconnecting 
the apparatus (r. Shenstone, J.C.S. 1883, 48, 
123; Wollny, Z. anal. Chem. 1886, 24, 49; 
Fresenius (Offenbach), Z. angew. Chem. 1896, 9 , 
486; Chatelan, Chem.-Ztg. 1901, 25, 612; van 
Leeuwen, ibid. 1907,81, 360; R. von der Heide, 
ibid. 1911, 85, 631; Friedrichs, J. Amer. Chem. 
Soc. 1912, 84, 1509, and Z. angew. Chem. 1912, 
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25, 2208; Jerwitz, Chem. News, 1901, 88, 229; 
Sanders, Chem. Soc. Proc. 1910, 227; Hckel, 

Ind. Eng. Chem. 1919,11, 1053). Further, a tap 
can be attached to the bottom of the extraction 
vessel or to one of the tubes so that some of the 
solution can be drawn off for testing as described 
by Lewkowitsch (J.C.S. 1889, 55, 639) ; Land- 
siedl (Chem.-Ztg. 1902, 26, 274) ; Stein (ibid. 
1909, S3, 1116) ; Taurke (ibid. 1912, 36, 214) 
and Schmid (ibid. 1249). 

In order to lead ether dovm from the end of 
the condenser to the substance, Bain (Ind. Eng. 
Chem. 1910, 2, 465) employs a silk cord with a 
glass bob at the end ; sealed into this bob is a 
piece of iron wire so that by means of a magnet 
it can be drawn to the side to wash down par¬ 
ticles. Sometimes it is advantageous to attach 
a calcium chloride tube at the top of the con¬ 
denser to prevent the solvent absorbing moisture 
from the atmosphere. 

When using those types of apparatus in which 
automatic intermittent infusion takes place, it is 
sometimes convenient to know the rate of siphon¬ 
ing and the number of extractions which have 
been made. A device for determining these 
facitors consists of tw^o pivoted buckets wbich, 
as they fill, descend, spill their contents and make 
an electrical contact, closing the circuit of a 
recorder. This particular model has been used 
in a steel Soxhlet apparatus up to a temperature 
of 400° C. and a pressure of 26 atmospheres 
(Asbury, Ind. Eng. Chem. [Anal.], 1930, 8, 
162 ; fiee also Rankow, Z. angew. Chem. 1927, 
40, 1669). 

For critical studies of the effect on the elliciency 
of extraction of the following factors—the 
method of charging the percolator and the rate 
of percolation ; the form of the percolator ; 
moistening and swelling of the material to be 
extracted ; maceration in the percolator and the 
rate of discharge and exhaustion— see Biichi and 
Feinstein (Pharm. Acta Helv. 1936,11,121, 210), 
and for similar studies applied especially to the 
extraction of drugs, see the series of papers by 
Husa et al. (J. Amer. Pharm. Assoc. 1935, 24, 
615, 839, etc. ; 1936, 25, 10, 110). 

The processes of extraction of solids including 
cases of counter-current systems has been 
discussed mathematically by Hawdey (Ind. 
Eng. Chem. 1917, 9, 866 ; 1920, 12, 493). See 
also Lewis (ibid. 1916, 8, 826), and for the 
mathematical theory of extraction of a slab, see 
Hatta (J. Soc. Chem. Ind. Japan, 1936, 39, 
Suppl. 486B). 

Below are given descriptions of well-known or 
typical apparatus and also references to modifica¬ 
tions of these. 


A. PERCOLATION FORMS. 

Zvlkowski's Extractor (Fig. 1).—The sub¬ 
stance to be extracted is placed in the extraction 
vessel E, and is support^ by a plug of cotton 
wool, jp. The vapour of the solvent as it boils 
off from the flask R passes upward through the 
aide-tube t, fused on E, and then passes through 
an adapter, c, to a condenser. The condensed 
liquid flows back and percolates throxmh the 
substance in E and drops again into R (Z. anal. 

VoL. IV.—37 


Chem. 1873, 12, 303). Maly (Amialon, 1876, 
175, 80), Wolfbauer (Ber. d. K.K. iandw. 
Versuchsstation, Wien, 1878, 1), Weigelt 

(Repertorium der anal. Chem. 1881, 1, 7) and 
Fliickiger (Z. anal. Chem. 1882, 21, 467) have 
described apparatus wdiich resemble or arc 
modifications of Zulkowski’s. 

DrechseVs Extractor (Fig. 2).—A folded filter, 
fitting well to the sides of the vessel, is placed in 
the globe E, and on this paper the substance 
rests. The solvent is boilecl in the flask R, 
which has a tube fused into its side, and the 
vapour ascending through t and through the 
tube w, connected to t by rubber and fused 
to the glass bulb C, passes on to the reflux 
condenser connected to C by the tube r. Con¬ 
densed liquid flows back to C and is led by the 
tube n into the globe E, whore it falls on the 
substance and after percolating through it 
returns to R again (J. pr. Chem. 1877, [iij, 15, 
350). 

Weyl's Extractor (Z. f'iir Instrumentenkunde, 
1885, 5, 126) is an arrangement like Drochsel’s. 



Fro. 1. 



Fig. 2. 



Fia. 3. 


but by the employment of mercury joints an 
ordinary funnel can be used instead of the glass 
globe. A. Cwiggner’s extractor (Z. angew. 
Chem. 1902, 15, 882) consists of a vessel in 
which a funnel with filter paper in position can 
be placed and the substance on the filter ex¬ 
tracted with a volatile solvent. The vapour 
of the solvent rises between the funnel and the 
outer vessel and, when condensed, drops from a 
ring of points on to the edge of the filter paper. 
It is useful for extracting sulphur from pre¬ 
cipitates and in other aiialj^cal operations. 

Tollens' Extractor (Fig. 3).—This is an 
improvement on an earlier one described by 
Tollens (Z. anal. Chem. 1876, 14, 82). The 
substance to be extracted is placed in the inner 
tube I, which is slightly contracted at the 
bottom, /, and spread into a rim over which a 
filter paper is tied. I’he tube I is placed in a 
wider tube, E, and rests on a bent glass rod at 
/, which prevents it closing the aperture into the 
narrower part, t. The neck, <, is fitted by a 
cork into a flask containing solvent, the vapour 
of which ascends between E and I, through 
c to the condenser. Condensed liquid drops 
down into I, and percolating through the 
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Bubstance and tlirough the filter paper returns 
to the flask (Z. anal. Chem. 1878, 17, 320). 
Almost identical with this is the arrangement 
proposed by Self and Corfield (Pharm. J. 1930, 
125, 98 ; Chemist and Druggist, 1930, 113, 
126). A similar apparatus in which the inner 
extraction tube is pointed at the lower end and 
rests on ledges formed by indenting the outer 
tube at the point where it begins to contract 
was described by Dimstan and Short (Pharm. J. 
1883, [iiij, 18, 663). 

iSrhulzp and von JUimpadi n Kxlracior re¬ 
sembles Tollens’ except that the iniUT tube 1, in 
which the substance is placed, j^asses through 
and is held in places by a cork at the top of 
the outer tube E. 1 is connected to a condenser 
and just below the cork is perforated with several 
holes throiigh which the vapour of the solvent 
passes (Z. anal. Chem. 1878, 17, 171). West- 
Knights’ extractor, whicti is suitable for small 
quantities of material (Analyst, 1883, 8, 65), 
and those of Scheibler (G.P. 3573, 1878, and 
7453, 1879; Dinglers poly tech. ,1. 1879, 234, 
128) and of Benaemann (Kopertoriurn d<M- anal. 
(3iem. 1886, 6, 390) differ little from Schul/e and 
von llarnpach's. 

Knorr's Extravior (Kig. 4) (U.JS.A. D<‘pt. 
Agric. Chem. Division Bull. 1890 28, 9()) 
avoids the use of (!orks and ground-glass joints, 
li is a little flask made by softening the glass 
round the neck of an ordinary flask and pressing 
to form a shallow annular depression. Sup¬ 
ported on this neck by small projections, p/j, 
there is either a tuf)e, E, \Nith an internal siphon 
or a simple percolating tube tmding below in a 
point and having a ])eilbrated ])latinura disc 
sealed in near the point to support the substance. 
A long covering tube, C (shown on half the scale 
of E and K), comes down over the percolator oi 
siphon tube and fits into the. depression in R, 
the junction being made tight by a little 
mercury. R is held in position by an india- 
rubber band passing underneath it and attached 
to the projections qq on the covering tube. 3’he 
latter is fused to a condenser. is a little 
siphon to remove any solvent that may collect 
between the cover and the neck of the flask. 
At the end of extraction, the solvent (ran bo 
distilled off* through an adapter fitting into the 
mercury joint (c/. Wiley, “ Principles and 
Practice of Agricultural Analysis,” v.i.). Varia¬ 
tions of Knorr’s form are given by Carr (J. Araer. 
Chem. Soc. 1894,16, 868), Wheeler and Hartwell 
{ibid, 1901, 28, 338), Eraps (Amer. Chem. J. 

1907, 37, 86), Dubois (J. Amer. Chem. Soc. 

1908, 30, 797), Sy (Ind. Eng. Chem. 1909, 1, 
314), Bowser (J. Amer. Chem. Soc. 1909, 81, 
947), Erancis (Ind. Eng. Chem. 1911, 3, 673) 
and Walter and Goocirich (U.S. Bureau of 
C’hem., Circular No. 69). 

Wiley'8 Extractor (Eig. 6) is compact and 
avoids all corks and joints. A brass plate, P, 
closes a largo test-tube, the bearing surfaces 
being ground to fit closely. A metallic con¬ 
denser, C, in four sections each consisting of : 
two cones fixed base to base, is attached to P- ^ 
The cross-plates are circular and direct the 
stream of water against the sides. The sub¬ 
stance to be extracted rests on asbestos in a , 
crucible, E, which has a removable perforated i 


bottom and which hangs from the cemdenser. 
The extract collects either in the tube or in a 
little flask, R, fitted with a funnel, /; in the 
latter case mercury is placed between R and the 
tube. The solvent is introdur^ed at which is 
closed after the solvent has boiled for a time and 
driven out the air from the apparatus (J. Anal, 
and App. Chem. 1893, 7, 65). The apparatus 
and an arrangement in batteries is given by 
Wiley, “ Principles and Practice of Agricultural 
Analysis,” 2nd ed., 1914, III, 70. Modifications 
of Wiley's apparatus havt‘ been suggested by 
Thomas and Dugan (3. Amer. Chem. Hoc. 1905, 
27, 293) for Ihe extraction of bitumen from 
asphalt rnixfiires ; .lackson and Zaru>tti (Amer. 
Chem. .1. 1907, 38, 461), in which a litth' 
percolating tube stands in a flask of boiling 
solvent under tlie end of a condenser ; Clacher 


t .t. 
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(Analyst, 1910,35, 349), Richardson and Scheru- 
bcl (Ind. Eng. Chem. 1912, 4, 220); and in 
Cottle’s apparatus {cf. ibid. 535, 856), in which a 
spiral of metal tubing acta as a reflux condenser. 
The outlet and inlet tubes project through a 
metal plate which serves the double purpose of 
a support for the condenser and a closure for 
the extraction flask. A porcelain Gooch crucible 
suspended by a platinum or aluminium wire from 
the condenser serves as the extraction vessel. 
This type was designed for testing the rubber 
compounds used for insulating wires, but has 
been applied in other fields (Walker and Bailey, 
Ind. Eng. Chem. 1914,6, 497 ; Warren, J. Assoc. 
Off. Agric. Chem. 1932, 15, 629). The latter is 
suitable for relatively largo quantities of material, 
and in order that percolation may not be too 
rapid, the bottom of the extraction tube 
terminates in a capillary tube and the shoulder 
is packed with cotton. Other modifications are 
due to Stokes (Analyst, 1914, 39, 296), Besson 
(Chem.-Ztg. 1915, 39, 860) and Pickel (Ind. 
Eng. Chem. 1919, 11, 1053), incorporating an 
alundum crucible and a device for collecting the 
solvent at the end of m ^xt/r^tefioo j Kuhlmann 
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(Z. anal, Chem. 1927, 72, 20), in which the sub¬ 
stance to be extracted is contained in a glass 
weighing bottle with a perforated bottom whii^h 
can be covered by a glass cap. The bottle rests 
in a constriction in the neck of a flask which is 
fitted with a condenser and contains the ex¬ 
tracting liquid. The vapour from the boiling 
solvent rises through and round the sides of the 
bottle and condensed liquid drops back into it. 
The all-glass construction allows the use of strong 
acid as solvent. 

One disadvantage of the percolation apparatus 
is that drops from the condenser always fall on 
the same spot, so that the solid is not uniformly 
extracted. Barbier (J. Pharm. Chim. 1878, jiv], 
27, 200) introduced a vessel above the percolator 
with a siphon which pours .a considera ble volume 
of liquid on to the substance from time to time 
so that the surface of the latter is covered with 
liquid. Guerin {ibid. 1879, [iv], 30, 511), 
Stockbridge (Chem. Zentr. 1885, [III], 16, 280) 
and Wollny also adojjt this plan. 

Wollny'a Extractor (Fig. 0) (Z. anal. (!hem. 
1885, 24, 48) is constructed in three sections 
joined by mercury seals. The solvent is boiled 
in the flask R, or in an external flask, in which 
case the vapour is introduced into the a{»j)a.ratu8 
at r. The vapour ascends the tube p, passes 
through the extraction chamber E, containing 
the material to be extracted in a thimble, and 
so through tube / to the chamber \\ which 
leads to the condenser. The condensate returns 
to and collects there until the siphon .v 
fills and operates, 'the charge of liquid i.s 
then transferied to the material in E and after 
percolating through the solid, passes through 
F and the tube q to the receiver K. a, b, r 
and d represent the meroury seals. I. Selecter 
(Ind. Eng. Chem. 1915, 7, 871) describes a 
modernised form on the same plan but less com¬ 
plicated. Von Bibra (von Gorup-Besanez 
“Anleitung zurzoo-chein. Analyse,” 1850, 35.*!) 
and Hoffmann (Z. anal. Clicrn. 1807, 6, 370) 
make the solvent pass through the substance by 
alternately heating and cooling the receiving 
flask. Similarly, Gawalowski (Z. anal. Chem. 
1883, 22, 528) provides a tap on the vapour 
tube in a form like Zulkowski’s, so that if this is 
c'losed and the flask is cooled, the liquid is sucked 
back through the substance. Mohr’s apparatus 
(Mohr, Lehrbuch der Pharm. Teclinik, 3rd ed. 
1866, 135, 108) is an early form employing a 
Woulfe’s bottle with metal vessels abovt*. Other 
old forms are due to Payen (Ann. C’hiin. 1845, 
(iiij, 13, 59), Schloesing {ibid. 1847, [hi], 19, 239), 
Kopp (Compt. rend. 1849, 6, .305), Arnaudon 
(Nuovo Cim. 1858, 8, 200), Jacobi (Dinglers 
jmlytech. J. 1862, 164, 34.3) and Storch 
(Z. anal. Chem. 1868, 7, 68). 

Other apparatus have been described by 
Vohl (Dinglers polytech. J. 1871, 200, 236) for 
the extraction of oil from seeds ; Gerber (Bcr. 
1876, 9, 656) for milk analysis ; Cazeneuvo and 
Caillol (J. Pharm. Chim. 1877, [iv], 25, 266) ; 
Tschlapowitz (Z. anal. Chem. 1879, 18, 441); 
Biecheie (Correspondenzblatt des Vereins anaiy- 
tischer Chemiker, 1879, 2, 70) ; Wolff (Wolff, 
“ Anleitung ” 1867); Guichard (Repertoire de 
Pharmacie, 1880, n.s. 8 , 97); L. Medicus (Z. 
anal. Chem. 1880, 19, 163); Thorn (G.P. 14523, 


1880, and Dinglers poly tech. J. 1882, 243. 248; 
improved in G.P. 18850, 1881, and Dinglers 
polytech. J. 1882, 246, 374); Kreusler (Chem.- 
Ztg. 1884, 8, 1323); Thresh (Pharm. J. 1884, 
[iiij, 15, 281); Will {ibid. 303); Waite {ibid., 
376); Johnson (Chem. News, 1885, 53, 39, 82); 
Foerster (Z. anal. Chem. 1888, 27, 30 and 173); 
Berntrop (Z. angew\ Chem. 1902, 15, 121) for 
bread analysis ; Koch and (^arr (J. Amer. 
Chem. Soc. 1909, 31, 1341) ; Bornemaim 
(Chem.-Ztg. 1914, 38, 833) for fine powders, 
e.g. asphalt meal ; Griffiths-.)ones (Analyst. 
1919, 44, 45) ; De6r (Magyar (vyogyszeresztnd 
Tarsasdg Rrtesitdje, 1934, 10, 409), a small 
percolator for powdered drugs ; Stock (J.S.dl. 
1897, 16, 107) ; Warren (Analyst, 1900, 31, 
314) ; Stanton (Eng. News Record, 1931, 
106, 38), in whifh an alundum block is used as 
the filtration medium during the extraction of 
asphalt ; Kuhlmann (Chem. App. 19.30, 17, 
123). 

B. (K)NTINrOFS INFUSION FOKAIS. 

Hchtibler's Eecond Extractor (Fig. 7).—As 
Scheiblers first apparatus could not bt! made 
sufficiently wide to liold large (juantiUes without 
danger of the solvent percolating in one channel 
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through the substance and leaving part unextrao- 
ted, he designed a modification involving con¬ 
tinuous infusion with overflow. Jt is constructed 
of metal, the substance to be extracted being 
placed in the chamber E, the wire gauze 
bottom of which is (;overed with a layer of 
cotton wool, p. The vessel E fits an outer 
tube with a ground joint. The outer vessel 
consists of two tubes sealed together at the 
neck, a ; the outside one is constricted at the 
lower end to fit the neck of the flask containing 
the solvent ; the inside one is closed below and 
bent up as shown and has two rows of perfora¬ 
tions near the top. E has one row of holes 
just below the neck. The vapour rising in the 
outermost vessel passes through the upper row 
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of holes in the middle tube, then through the 
holes in E to the condenser. Liquid, after falling 
back into E, percolates through the substance 
and collects in the inner vessels until it over¬ 
flows from the lower ring of perforations in the 
middle vessel (G.P. 9481, 1879). RempePs 
apparatus is also an overflow type (Chem.-Ztg. 
1887, 11, 936). The substance to be extracted 
is placed in the outer vessel and the liquid rises 
through it and overflows while the vapour 
ascends through tubes in the centre. The 
apparatus devised by Burgess {aee Allen’s 
“ Commercial Organic Analysis,” 6th ed., 1924, 
I, 82) incorporates a tube like E' in Yoder’s 
extractor (Fig. 18) supported in the neck of the 
receiving flask so that there is a flow of liquid 
constantly in contact with the substance. 
Budde found that heavy solvents extracting 
waxes or fats give solutions lighter than the 
solvent (J.S.C.l. 1914, 88, 
184). He avoided this 
dilficulty by using a tube 
like Burgess’s but in the 
opposite sense. The narrow 
side tube extends right up 
to the condenser and ends 
there in a funnel so that the 
heavy solvent forces the 
solution to overflow from the 
wide tube. Caspari {ibid. 
1913, 82, 1042) describes an 
apparatus for separating the 
part of rubber insoluble in 
light petroleum ; it W'ould 
also meet Budde’s difliculty. 
The characteristic part of 
Baker’s apparatus (Fig. 8) 
(jonsists of an extraction 
vessel provided with a tap 
at the bottom and tubes for 
leading solvent vapour to 
the condenser and solution 
to the vapour line, and so to 
the receiver. By adjusting 
the tap the rate of flow can 
be fixed so that the sub¬ 
stance is always covered by 
solvent, and since no disturb¬ 
ance takes place, the heavier solution sinks to the 
bottom and returns to the flask, leaving fresh 
solvent at the top of the extraction vessel 
(J.S.C.l. 1931, 60, 64T). 

Schmalfuss and Werner (J. pr. Chem. 1924, 
[ii], 108, 366 ; J.S.C.l. 1925, 44, 116B) have 
suggested an apparatus for extraction by con¬ 
tinuous infusion at the boiling-point. It consists 
of two flasks attached to a common condenser 
and connected by a side-tube in such a way 
that the overflow from the first, the contents of 
which are kept gently boiling, passes to the 
second, in which the liquid boils vigorously. 
The solid is suspended in a gauze container in 
the first flask and as the condenser returns the 
solvent to the bottom of this first flask the 
soluble matter is gradually extracted and trans¬ 
ferred to the second. A similar arrangement 
was suggested by Wrede (Biochem. Z. 1931, 
281, 173), but the temperature of the extraction 
vessel in this case is controlled by a bath of 
boiling liquid. This apparatus is suitable for 
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I extracting 5 kg. or more of material. For large- 
scale extractions an apparatus was suggested 
by Rowaan (Chem. Weekblad, 1933, 80, 771). 

Scheibhr's Third Extractor (Fig. 9) was used 
to isolate vanillin from raw beet-sugar. The 
substance is placed in E, an elutriating vessel 
as used in the mechanical analysis of soils, and 
rests on a plug of cotton wool, b. The solvent 
is poured on to it until some escapes from t 
into the flask R, which is heated on a water- 
bath. The solvent vapour rises through the 
tubes p and c to the condenser from which the 
condensate falls on to the material in E (Ber. 
1880, 18, 338a). 

Other forms of continuous infusion apparatus 
have been suggested by Wynter Blyth (J.C.S. 
1880, 87, 140), Johnstone (Analyst, 1886, 10, 
81), Stoddart {ibid. 108), Schmidt and Haensch 
(G.P. 42753,1887, and Dinglers poly tech. J. 1888, 



268, 664), Gockel (Z. angow. Chem. 1897, 10, 
683), Landsicdl (Chem.-Ztg. 1902, 26, 274), for 
use with solvents of either high or low boiling- 
points ; Warren (Chem. News, 1906, 93, 228), 
Hahn (Chem.-Ztg. 1913, 37, 880), and Pinkus 
(Biochem. Z. 1914, 60,311). 


C. INTERMITTENT INFUSION FORMS. 

Aidd and Fickle (Fig. 10).—The substance and 
solvent are placed in a large bolt-head flask 
E, which is heated on a water-bath. The vapour 
rises through the wide tube D, provided with a 
wide-bore tap C, to the condenser at the top. a 
is a long tube ending in E in a small thistle funnel 
packed with cotton wool and covered with fine 
muslin or cotton cloth ; the other end of a 
leads to the receiver R. A fairly wide tube, 
U passes from D, above C, to R. When the 
solvent is saturated, C is closed for a moment, 
and the pressure of the vapour drives the solution 
through a, which acts as a siphon. The solvent 
is now boiled in R and the vapour rises through 
t, is condensed and falls back into E. The 
operation is repeated until extraction is com¬ 
plete. With some solvents it is possible to use 
wide rubber tubing instead of the tap C ; the 
rubber can then be pinched when it is desired to 
fill the siphon (Chem. News, 1909, 99, 242), The 
authors find that if tube I) is continued down 
into the flask E, to a level a little above the 
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thistle funnel, and is given a somewhat flanged 
termination, the apparatus will work auto¬ 
matically. When the vapour is boiled off from 
R, it collects in D, forming a small column which, 
when it reaches a certain height, forces the 
liquid into the siphon. The cycle then repeats 
itself continuously. Schwaerzler (J. Pharm. 
Chim. 1853, [iii], 24, 134), Schiel (Annalen, 
1858, 105, 257) and Simon (Z. anal. Chem. 
3873, 12, 179) have also described apparatus 
in which the pressure of a heated vapour is used 
to force solution from one ^^essel to another. 
References to other models of this group arc: 
Daubrawa (Vierteljahrschrift fiir praktische 
Pharmacic, 1859, 8, 36), ricury (J. Pharm. 
(^him. 1862, [iii], 41, 282) and Barlow (Chcm. 
News, 1888,57,56). 

Soxhlet and Szombathy's Extractor (Fig. 11).— 
This was the first apparatus to introduce the j 
use of a siphon to effect automatic intermittent | 
infusion. The material to be extracted is pla{‘ed 
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in a thimble in the vessel E, to the lower end ol 
which is attached a tube, N, which can be fitted 
by a cork or ground-glass joint to the flask 
containing the solvent. There is no direct con¬ 
nection between E and N, but a tube, f, serves 
to carry vapour from the boiling solvent to the 
upper part of E and so to a condenser attached 
to the mouth of E. Leading from the bottom of 
E is a siphon tube, which discharges into N. 
When the apparatus is in action, the solvent 
falling from the condenser percolates through 
the material and gradually fills E to tho level of 
the top of the siphon, which then discharges 
and transfers the solution to tho flask (Dinglers 
polyteoh. J. 1879, 282, 461). 8oxhlct and Szom- 
bathy’s plan is widely adopted, and many varia¬ 
tions have been devised. Two types can be 
distinguished, the first having an external 
siphon and the second a siphon enclosed in a 
chamber through which the vapour of the 
solvent passes. An objection raised to the latter 
t3^ by WoUny is that the solvent in the siphon, 
being surrounded by hot vapour, may boff and 
hinder siphoning. He describes forms in which 
the substance is heated hut the siphon cooled 
(Z. anal. Chem. 1885, 24, 48). The use of a tap 
attached to the siphon for tho purpose of 


sampling the solution has already been men¬ 
tioned. 

Eorms in which tho siphon is all or mostly in 
the air have been suggested by Wollny (Z. anal. 
Chem. 1885, 24, 51), Boessnock (second 

apparatus, Chein.-Ztg. 1890,14, 870) and Christ. 
Kob & Co. {ibid. 1901,25, 370), with a perforated 
glass plate fused above the place where the 
siphon is attach(3d to E in Fig. 11 ; Landsiedl 
(Chera.-Ztg. 1902, 26, 274), forms with movable 
interior vessels ; Karsson ((yhem. Weekblad, 
1932, 29, 671), the siphon fitting by means of a 
ground joint into the extraction vessel and there¬ 
fore being easily replaced or removed for clean¬ 
ing ; Silberrad (Chem. Nows, 1911, 104, 64) 
resembling Fig. 11, but the main tube, E, is very 
long and contains a pendent condenser ; Kardos 
and Schiller (Chem.-Ztg. 1913, 87, 920) for 
powdery materials—the solvent drops into a 
central tube drilled with holes covered with cloth 
and embedd(‘d in the powder ; Freund {ibid. 
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1914, 38, 802), a clever design easily made from 
common apparatus. 

Clausnizer and WoUny's Extracior (Fig. 12) 
(Z. anal. Chem. 1885, 24, 48).—The extraction 
vessel E is a tube drawn out at the bottom to a 
point to which a siphon is fused. It is supported 
in tho outer tube T, which is fitted at the top 
with a reflux condenstu and at the bottom with a 
flask for collecting tho solution. Tlu^ solvent is 
boiled and the vapour rising through T keeps the 
material in E warm, but tho temperature does 
not reach the boiling-point, since cold liquid 
drops from the condenser. In order to extract 
at tho boiling-point a small column of beads 
can bo introduced botw^een the extraction 
vessel and the condenser, so that condensate 
meets the ascending vapour and is heated 
(Milligan, J.S.C.I. 1931, 50, 144T). An 

apparatus in which (he solvent is condensed and 
allow'ed to pass through the maferial at any 
desired temperature below the boiling-point is 
described by Neumann (Chem. Fabr. 1935,8,326). 

FrOMing's Extractor (Fig. 13) (J.S.C.I. 1889, 
8, 568 ; Z. angew, Chem. 1889, 2, 242).—A 
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mcxJification wiiich permits convenient handling 
for weighing before and after extraction. The 
extraction vessel E has the form of a weighing 
bottle, bnt with a conical bottom, and is provided 
with a siphon, the longer limb of which passes 
through the bottom, where it is cut off aslant. 
This vessel, when in use, is placed in a wider 
tube which has a by-pass t for carrying vapour as 
in Zulkowski’s apparatus (Pig. 1). Instead of a 
plug of cotton wool, however, a narrow tube is 
sealed internally to carry tin*, liciuid past the 
opening to the by-pass. Similar to this is the 
arrangement of Bain (Ind. Eng. Chem. 1910, 2, 
45r>). He uses as a percolator a little weighing 
bottle which can be closed by ground-on caps 
at each end ; in the lower end there is a short 
glass inset carrying a stretched filter paper on 
which the substance rests. The apparatus, 
however, is really a simple percolator. 

A siphon inside the apparatus is adopted in 
the following forms : Blount (Analyst, 1888, 
13, 120); Fresenius (Offenbach) (Z. angew. (-hem. 
1890, 9, 485). In Binnhold’s apparatus (Chem.- 
Ztg. 190, 25, 423), the vapour passes up a tube 
in the centre of a globular extraction vessel 
terminating below in a wide tube. The inner 
tube is ground into the wide tube and has a 
siphon fused into it with the long leg passing 
down the centre, the bend and short leg being 
in the globular vessel. It is less fragile than the 
other forms, and the inner tube and siphon can 
be removed in one piece for cleaning. Chatelan 
((Jhem.-Ztg. 1901, 25, 012) bends the delivery 
tube of the condenser slightly to one side so that 
twisting the condenser causes the solvent to flow 
into the orifice of a tube passing through the 
side of the extraction vessel near the top. 
Distillation is thus possible at the end of an 
extraction without disconnecting the apparatus. 
Jiandsiedl (Chem.-Ztg. 1902, 26, 275) describes 
forms with removable interior vessels for hot 
extraction. Badermachcr {ibid, 1177). Hess 
{ibid, 1904, 28, 18) uses a cork in a tubulure 
to hold the siphon in place, thus making a very 
cheap form ; the cork can he coated with 
chrome-gelatin. Pescheck (Z. angew. Chem, 
1906, 19, 1513), a form with movable interior 
vessels for perciolation or intermittent infusion ; 
Vigroux (Bull. Soc. chim. 1909, [iv], 5, 099); 
Walpole (C3iein. News, 1910, 102, 129), a form 
somewhat resembling Knorr’s (Fig. 4) ; Aron 1 
(Biochem. Z. 1913, 38, 143), a compact form 
made from an Erlenmeyer flask with a long ne<^k i 
holding a pendent condenser. For the use of 
this type of apparatus in the extraction of dyes, 
e.g, indigo from fibres, .see Allen’s “ Commercial 
Organic Analysis,” 6th ed., Vol. 5, p. 374. 
The same arrangement is proposed by Stem and 
Pufett (Trans. Inst. Rubber Ind. 1933-4, 9, 363), 
a modification of the A.S.T.M. type ; Binnington 
(Ind. Eng. Chem. [Anal.], 1932, 4, 125), incor¬ 
porating the mercury seal used by Kjiorr (Fig. 4); 
and Ford (J. Amer. Chem. Soc. 1912, 84, 562), 
who also states that a separate siphon of small 
bore hung over the side of a plain extraction 
tube is generally found to fill by capillarity and 
operate satisfactorily ; Holmes and Pigott 
(Ind, Eng. Chem. [Anal.], 1934,6,384), involving 
minor alterations to that described by the 
Joint Rubber Insulation Committee (Ind. Eng. 


Chem. 1917, 9, 310) ; Thar (Biochem. Z. 1914* 
58, 503) ; Twiss and McGowan (J.S.C.I* 
1917, 36, 692), a form much like Blount’s. 

King's Extractor (Fig. 14).—In this the siphon 
is differently constructed. Into the bottom of a 
wide tube, E, is fused a long, narrow tube, t. 
The tube s, which is slightly wider than is 
inverted over t ; it does not quite reach the 
bottom of E, but rests on the upper end of <, 
which is ground at an angle. E slips into a 
wider tube, F, indented at several points at 
d so that F is not closed at the bottom. This 
arrangement is fitted up as in the two previous 
apparatus, s and t acting as the siphon (Chem. 
News, 1888, 57, 235). 
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Masojidek (Z. Zuckcrind. in Bbhmcn, 1881, 
6, 51) and Boessneck (Chcin.-Ztg. 1887,11, 1600) 
had previously described apparatus on the 
same plan as King’s. Thorpe and Robinson 
(d.S.C. 1890, 57, 44) employ an inverted, open- 
topped bell-jar with a siphon of this form to 
make a capacious apparatus. 

In Jerwitz’s apparatus and in Sander’s the 
necessity for disconnecting the condenser 
between extractions is avoided by causing 
condensed solvent to enter the extraction vessel 
at the side instead of at the top ; a light glass 
stopper can then be used to close the top of 
the extraction vessel, and the material is then 
readily accessible. 

Jerwiiz's Extractor (Fig. 15).—In using this 
the receiving flask, F, is attached to the bottom 
of the condenser and is hold in place by spiral 
springs. A cartridge of the material is placed 
in the extraction vessel A, ether is poured in 
up to the level E, and the vessel is closed by the 
stopper H, which is held by springs. Tap B 
is then opened and the ether is siphoned into F. 
On heating F in a water-bath, the vapour rises 
into K, where it is cooled by water circulating in 
the outer space. Condens^ ether is prevented 
by the projecting tube J from flowing directly 
down to F, and is conducted through L into A, 
where it collects and is siphoned off inter¬ 
mittently through G. When extraction is 
complete, B is closed and the ether is collected 
in A. F can then be removed and the ether 
siphoned into another vessel. The stopiier H 
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is removed and the cartridge of exhausted 
material taken out with long tongs or a wdre 
hook. At the top of the apparatus a calcium 
chloride tube, C, prevcmts access of moistun* 
to the ether, and the little tube D, containing 
mercury, acts as a safety-valve should C become 
clogged (Chem. News, 1901, 83. 229). 

Sanders's Extractor (Fig. 10).—The material 
is placed in the extraction vessel A, which is 
closed by a stopper, H, and is held in a sloping 
position. The receiving dask containing solvent 
is attached to the tube and taps B and (' are 
(dosed. Thus, on heating the flask, vapour rises 
through F, through the uppcT part of A to tlie 
side-tube E, and so to th(‘ reflux condenser. 
When A is nearly filled wdth condensed solvent, 
s discharges the s(dution fo the re(jeiving flask 
and (‘ontinues intermittently. When extraction 
is (’omplete, (? is ojauK^d and tlu^ solv-ent is 
collec'ted at the end of /. If B is left open during 
operation, continuous percolation instead of 
intermittent infusion is (‘ffected. In a simpler 
form, R and the cross-communication between 
the legs of the siphon are absent. Tlie ap|)aratus 
can be made on a large* 
scale out of tinned 
copper (Fhenn. Soc. 
Proc. 1910, 26, 227). I 
When oil seed is 
crushed for analysis, 
some oil is lost in the 
grinding machine ; to 
meet this difficulty 
Max Lehmann (Chern.- 
Ztg. 1894, 18, 412) 
designed a very small 
mill of which the 
lowin' j)art containing 
T) g. of meal can be 
put in a Soxhlet 
Fio. 16. apparatus for extrac¬ 

tion. Another un¬ 
common apparatus is that of C. Lehmann 
(Pfiiiger’s Archiv. 1903, 97, 419, 606) for 
extracting fat from animal tissues, yeast, eti*. ; 
it is eompo.sed of a bottle with 8topj)ered mouths 
at top and bottom in which the substance is 
placed along with the solvent and a number of 
porcelain balls. This is rotated by a motor and 
then made to form part of a Soxhlet apparatus. 

A modified Hoxhlet apparatus with internal 
siphon suitable for extraction of plant materials 
with ether under tropical conditions is described 
by Blackie (J.S.C.T. 1932, 51, 129T). Modifica¬ 
tions enabling the use of the Soxhlet apparatus 
at low temperatures and reduced pressures were 
introduced by Hambleton (J. Biol. Chem. 1932, 
99, 289) and Machebceuf and Fethke (Bull. 
Soc. Chim. biol. 1933,15, 796). Other variations 
have been detailed by Chemuishov (J. Chem. 
Ind. (Moscow), 1932, No. 11, 51) ; Kuhlmann 
(Z. Unters Lel)en8m. 1935, 69, 221), and 
Gagarin (Chem.-Ztg. 1933, 67, 204), a model 
having an unjacketed extraction tube of small 
diameter suitable for small quantities of solid. 

Labok Fobms. 

Apparatus designed to deal with several 
pounds of substance have been described by 
Thorpe and Robinson (Chem. Soc. Trans. 1890, 
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57, 41), for 14 lb. of bark ; Bush (Chcm.-Ztg, 
1903, 27, 813), for hot extraction of several 
kilograms ; Jackson and (larke (Anu'ir. (Jiem. J. 
1909, 42, 287), for 18 kg. ; Roberts (Md, 1910, 
48, 418), a battery of et'lls in scries for charges 
of 3 kg. of corn meal ; Halle (Biochem. Z. 1911, 
36, 245), for 2 kg. ; Schmidt (Ind. Eng. Chem. 
1916, 8 , 165), to rt*movc fat from scv(*ral pounds 
of material ; JMeNair (//uV/. 838), n'sembling 
Wiley’s apparatus (Fig. 5) on a vt ry large sialt* 
with a hueket in jiace of a crucible ; Sdiwalhe 
and Sdiulz {(iiem.-Ztg. 1918. 42. 194), for 4 -6 
litres of material ; Ol>erhach (tf)id. 1930, 54, 
462), a mefal apparatus ; (Jraljam (.1, Assoc. 
Off. Agrie. (Jiern. 1933, 16, 148), inctu’porat itig 
an inverted beli-jar dust'd \vitl( a desiccator toj), 
The solvent va])our from a flask enters by the 
side-opening of the btdJ-jar w hilst an lo-sha])e(l 
tube fiirnislics ,a return tul)e from flu* bottom of 
the extraction vessel to the tlask. i'he material 
to be extracted is sujqiorted by a layer of 
adsorbent eotton on a porcelain desit'caior platt*. 
The use of an earthenware jar of capacity for 
10-45 kg. of material as an extractitm vt^sstd 
is similarly described by McCay (Iml. Eng. Chem. 
[Anal.], 1933, 5, 213). 

Large-scale Soxhlet apparatus liavtj beam 
(h'seribed by Grant and Billing (Ind. Eng. 
Chem. I Anal. ], 1934, 6, 285) ; Schuiz (Biociiom. 
Z. 1932, 247, 474) ; Cameron (Jnd. Eng. Chem. 
[Anal.], 1932, 4, 394), involving considerable 
glass-blowing ; Drake and Spies (itnd. 1933, 5, 
284), design(‘d for use with m(?than()l, but witli 
few ehangtcH can be used with any solvent liaving 
a boiling-point below lOO^^ C.--'it is easily made 
from ordinarily available a])paratu8 ; Sievers (.). 
Amer. Idiarm. Assoc. 1933, 22, 182), for ])hyto- 
chcrnical work, being a modification of Bryant's 
apparatus (Ind. Eng. (Jiem. [Anal.], 1929, 1, 
139) ; Bone, Pearson and Quarenclon (lYoc. 
Roy. Soc. 1924, A. 105, 608), in which the 
a<'!tion of the solvent is ac('eleratcd by working 
at higher temperatures and therefore at higher 
pressures. This apparatus was designed for the 
extraction of coal. (rf. Asbury. 577a.) 

Mkjro-Extractiok a craratus. 

The application of micro-techni(p.ie to extrac¬ 
tion processes has resulted in the production 
of variations of apparatus described abuv(^ 
capable of dealing with very small (quantities of 
material. A percolation form by Hetterich 
(Mikrochem. 1932, 10, 379), especially suited for 
the extraction of, e.gr., paint films, consists of a 
filter-plate which carries the material supported 
on a perforated plate resting on a ridge in the 
wall of the extraction vessel. The lower end 
of the vessel is of smaller diameter than the 
upper part and fits into a stand which is plac<'d 
on the water-bath. Another percolation form is 
described by Titus and Meloohe (Ind. Eng. Chem. 
[Anal.], 1933, 5, 286), who also give the (letails of 
a micro-Soxhlet apparatus. A Soxhlet suitable 
for 10 ml. of solvent is described by Colegrave 
(Analyst, 1936, 60, 90). An apparatus designed 
for the determination of lipins in bacteria and 
yeasts, working with about 60 rag. of material, is 
due to Gorbach (Mikrochem. 1932, 12, 161). 

A number of devices have been suggested 
for continuous extraction in which circulation of 
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the solvent is effected without the application of 
heat, t,g, by using vacuum pumps (Javillier and 
de Saint-Rat, Bull. Soc. chim. 1923, [iv], 33, 996; 
J.S.C.I. 1923, 42, 868A ; WUson, ihid, 1912, 31. 
97) or air-lifts (Chapman and Hammett, Ind. 
Eng. Chem. [Anal.], 1933, 6, 346 ; Seif and 
Rider, J. Amer. Pharm. Assoc. 1935, 24, 267) 
or mechanically by paddles (Wollenberg, Chem.- 
Ztg. 1932, 56, 332). 


Liquids. 


A substance held in solution or suspension by 
a liquid can often be removed by treating the 
liquid with an immisciblo solvent. In this 
section of the article the word “ liquid ” will 
always be used to denote the liquid submitted 
to extraction. The ordinary process is to sliake 
the liquid and solvent vigorously together 
in a separator, which is a pear-shaped or 
cylindrical glass vessel terminating in a stoi)pered 
tubulure at the broad or lop end, and in a 
stop-cock and short tube at the narrow or 
lower end. After shaking, the vessel is allowed 
to stand until the liquid and solvent have 
separated into two layers. The stopper is 
removed and the lower layer is tapped off by 
means of the stop-coek and tube. The treat¬ 
ment is repeated with fresh solvent until the 
liquid has given up as much a,a possible of the 
dissolved or suspended substance it contained. 

The mathematical aspect of the process is 
discussed by Marden and Elliott (Ind. Eng. 
Chem. 1914, 6, .315, 928) and they give the 
form u he; 


(i) 





^1 

C2 


where a represents the volume of the aqueous 
solution containing the substance, e the volume 
of solvent, the same volume being used fresh for 
each extraction, Vq is the concentration in the 
aqueous liquid, i.e. the amount of substance in 
unit volume before extraction, Xn the concen¬ 
tration in the aqueous liquid after n extractions, 
Cj the concentration of the aqueous liquid after 
an extraction, the concentration of the sub¬ 
stance in the solvent after the same extraction. 

The law of distribution of a substance states 
that after shaking until equilibrium is estab¬ 
lished, the value of dy the distribution ratio as 
defined in (ii) above, is constant for a given tem¬ 
perature irrespective of the amounts of substance 
present, provided that the substance does not 
polymerise. The law does not hold for wide 
variations in concentration, and corrections 
must be made for partial miscibility of the 
solvents. From the equations it follows that 
the smaller d is, the fewer the extractions 
required to reduce the amount of substance left 
in the aqueous solution to an unimportant 
quantity ; and if d is known, the number of 
extractions required to attain this can be 
calculated. The authors have determined d in 
the case of certain alkaloids and some other 
substances. Other mathematical discussions of 
the subject have been given by J. and N. 
Friedrichs (Chem. Fabr. 1936, 8 , 247) ; Smith 
(J.S.C.I. 1928, 47, 169T) ; Evans (J. Chem. 
Kduc. 1936, 18, 636) ; Evans (Ind. Eng. 


Chem. 1934, 26, 439), all giving formulae for 
the residual concentration of the substance in 
the liquid, the first being applied to the 
type of apparatus involving continuous 
extraction. For the calculation of the 
limiting results obtainable with partially 
miscible solvents, Evans (J. Chem, Educ. 
1937, 14, 408), and for the application of 
graphical methods to the solution of equations 
relating to multiple and counter-current extrac¬ 
tion with immiscible or partially miscible sol¬ 
vents, fiee Underwood (Ind. Chem. 1934, 10, 
128) ; Evans (Ind. Eng. Chem. 1934, 26, 860) ; 
}*onchon, fractional distiUatioii (Tech, modeme, 
1921, 13, 20, 65); Thiele (Ind. Eng. Chem. 
1935, 27, 392). Computations for solvent 
refining of oils by counter-current processes with 
one or two solvents are given by Hunter and 
Nash {ihid. 1935, 27, 836). The separation of 
two substances by shaking with immiscible 
solvents is discussed by Frenc (Z. angew. Chem. 
1925,38,323), who states that the best method of 
j separating two substances A and B by means of 
I selective solvents 1 and II is to shake out the 
solution of A in I with 11 and the solution of B 
ill II with I, then mix the extracts and, after 
separation, add the layers to the corresponding 
solutions. The sequence of operations is re¬ 
peated as often as necessary. Analogies between 
the processes of extraction and distillation were 
pointed out by Saal and Van Dyck (Proc. 
World Petroleum Congress, 1933, 2, 352). The 
investigation of oils of high molecular weight by 
a fractional extraction technique is reported by 
Andre (Ann. combustibles liquides, 1933, 8 , 111; 
BuU. Soc. chim. 1933, [iv], 53, 60). 

Various forms of apparatus have been devised 
to efl’oet extraction by automatic processes 
similar to those employed for solids. Two cases 
arise: one when the solvent is heavier than the 
liquid, the other when it is lighter. In the first 
case, the heavier solvent must fall as a rain of 
drops through the liquid and escape at a side- 
tube when a certain amount has collected, the 
column of liquid balancing the shorter column of 
solvent in the side-tube. In the second case, a 
column of solvent must bo caused to accumulate 
in a tube until it acquires sufficient pressure for 
some to escape at the bottom and pass up 
through the liquid. It is important that the 
apparatus be designed to allow a column of 
sufficient height to collect. 

A third plan is to boil the solvent and force 
the vapour through the liquid; for this greater 
efficiency is claimed, but it obviously requires 
great care in the adjustment of the apparatus 
and the rate of working to the particular liquid 
and solvent, and the sucking back of liquid into 
the boiling vessel when the latter cools has to 
be guarded against. A cooling worm through 
which a current of water flows is usually im¬ 
mersed in the liquid to help condense the 
vapour of the solvent and to control the 
temperature. 

The name perforation ” has been us^ by 
some writers for all three methods, but it is not 
at all appropriate as they are not processes of 
making holes. The term “ perpluviation ” 
would be more suitable for the first two and 
“ injection ” for the third. 
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Various practical points have to be attended 
to: thus, regular boiling in the receiving vessel 
must be ensured by fragments of porous 
earthenware or one of the usual devices. When 
a heavy solvent is used, some should be poured 
into the extraction vessel before adding the 
liquid in order to prevent any of the latter 
entering the side-tube. The tendency to form 
an emulsion is apt to cause difficulties in extrac¬ 
tion. When this happens, various devices can 
bo employed, e,g. allowing time for the liquid 
and solvent to separate or gently warming or 
diluting the liquid. Wollny (Z. anal. Chem. 
1885, 24, 53) states that at the boiling-point 
emulsions are less likely to form. If an obstinate 
emulsion is formed, sucking through fine-pored 
or hardened filter paper or centrifuging may 
effect a separation. 8ome authors state, 
however, that warmth promotes emulsification. 
Self (Pharm. J. 1915,95,164) discusses the merits 
of various solvents as extracting agents and 
methods of dealing with emulsification. He 
recommends shaking with more solvent as the 
best way to break an emulsion. Malfatti (Z. 
anal. Chem. 1898, 37, 374), dealing with urine, 
which is prone to form emulsions, makes it 
descend a spiral of woollen thread wound round 
a long central tube placed in an outer tube up 
which ether ascends. Kempf (Chem.-Ztg. 1910, 
34, 1365; and in Abderhalden Handbuch 
Biochem. Arbeitsmethoden, 1910, I, 178, 
gives the following points of importance in the 
practical working of extraction with ether: 
(A) In arranging the heights of the columns of 
liquid and solvent, allowance must ])e made for 
increases in volume and changes in relative 
density duo to {a) expansion by rise of tempera¬ 
ture, (6) dissolution of ether in the liquid with 
resultant increase in volume of as much as 
10%, (c) liquid in the funnel tube at the start 
being pushed down and so raising the level of 
the liquid in the extraction vessel, (d) drops of 
ether rising through the liquid also adding to 
its bulk. (B) The ether will dissolve a certain 
amount of water and transfer it to the receiver; 
ether can also dissolve and carry a small amount 
of sulphuric acid from a liquid containing it. 
(C) If the ether boils slowly, the effect of a 
fractionating apparatus is produced and water 
accumulates in the receiver and may form a 
separate layer. Rapid boiling of the ether 
diminishes this accumulation of water. (D) 
Ether used for extraction should be as pure as 
possible, especially for fats or aliphatic acids 
or reactive compounds. Commercial ether, 
particularly if it has long been exposed to 
light, is liable to contain hydrogen peroxide 
and organic peroxides in addition to alcohols, 
aldehydes and acids. The peroxides resinify 
easily oxidisable substances and they have been 
known to detonate during the evaporation of an 
ethereal solution. This effect is much more 
marked with diwopropyl ether than with 
ordinary diethyl ether and great care must be 
exercis^ in the use of the former. Peroxides, 
if present in a sample of ether, will liberate iodine 
on shaking the ether with aqueous potassium 
iodide and may be removed by prolonged shaking 
with mercury or aqueous potassium perman¬ 
ganate (v. Ethyl Ether, this Vol., 387). 


To diminish the loss of ether by solution, an 
aqueous liquid may be saturated with sodium 
chloride (Tohemiac, J.C.S. 1919, 115, 1090). 

The variations of apparatus design effiefly 
concern (i) the position of the extraction vessel; 
in a small apparatus it is generally vertically 
above, while in larger ones it is frequently 
situated to the side of the receiver; (ii) the path 
of the vapour; in some arrangements the hot 
vapour surrounds the extraction vessel and thus 
heats the liquid, whilst in others the vapour 
passes up a side-tube; (iii) the method by which 
the solution is returned to the receiver; in some 
forms the floating solvent overflows and in 
others it is siphoned back into the receiver; 
(iv) devices to increase the intimacy of contact 
between the solvent and the liquid. 


Apparatus of the “ Perpluviation ” 
Type. 

Schwarz Extractor (Fig. 17).—This was the 
first apparatus for the automatic extraction of 
liquids. The liquid is contained in tlie extrac¬ 
tion vessel E, and the solvent, which is lighter 



than the liquid, in the receiver R. The solvent 
is boiled and its vapour ascends the tube t to 
the upper vessel V, thence through c to the 
reflux condenser. Condensed solvent descends 
p, rises through the liquid in E, collects as a 
layer until it reaches the opening into y, and 
overflows through q to R. Circulation is auto¬ 
matic, and when on testing a drop of the over¬ 
flowing solvent extraction is found to be 
complete, water is poured into V till aU the 
solvent has passed through q into R. The parts 
are disconnected and E is emptied; then by 
reconnecting and heating R the solvent can be 
distilled off into E, leaving the desired substance 
in R. At o and b are mercuiy joints, enabling 
ready connection and disconnection (Z. anal. 
Chem. 1884, 28, 368). 

Yoder''8 Extractor (Fig. 18).—A simple form 
of apparatus originally used for ether-extraction 
of certain organic acids from aqueous solution. 
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The liquid is placed in the inner vessel E, which 
is supported at d by three dents in the outer tube. 
The stem of the outer tube is fitted by a cork 
to the flask containing boiling solvent and the 
vapour rises through the hole A. If the solvent 
is lighter than the liquid, a long funnel tube,/, 
is used; this is closed at the bottom except for 
small perforations in the slightly enlarged end. 
Solvent from the condenser C passes down this; 
escaping at the perforations it ascends through 
the litjuid, overflows and runs back to the 
receiver. The perforations must be fine enough 
to prevent a too rapid How of solvemt even when 
there is rapid conelensation, or else some liquid 
may be carried over. Eor heavy solvents, e,(j. 
chloroform, the inner vessel is shaped like E' and 
/ is omitted or else shortened only just to reach 
the surface of the liquid in E' when suspended 
from the top; the solvent drops through the 
liquid, rises in the narrow siejo-tube and over¬ 
flows. When commencing, some solvent must 
be placed in E" before pouring in the liquid so 
that the side-tube contains only solvent (Ind. 
Eng. Chern. 1911, 3, (>41). 

Almost identical with this apparatus is tht? 
one designed by Quick (Ind. Eng. (!hem. | Anal.J, 
1933, 5, 7G) for the extraction of 20 ml. or 
less of biological fluids, the only differences 
being the introduction of a hole near the top 
of tube E, and the method of supj)orting E. 
Van Rijn’s apparatus resembles Yoder’s, but 
the inner vessel has thre(' constrictions taking 
the form of three bulbs and a cylindrical upper 
portion. I'liere an* holes in the upper pai-t for 
the overflow' of solvent, and at the lowest 
constriction there is a mark denoting the top of 
a definite volume in the lowest bulb (Ber. 1895, 
28, 2387). Baum’s apparatus for luiavy solvents 
is like Yoder’s, but the vessels arc wider (Chem.- 
Ztg. 1904, 28,1172). Lenz’s 
apparatus is also similar, 
but to avoid using cork he 
(loses the top of the wu'de 
outer tube loosely with a 
metal condenser which has 
a pointed end to drop the 
solvent into the funnel. 
The bottom of the funnel 
tube is notched instead of 
being closed and perfemated. 
For heavy solvents, tube E' 
is covcrecl with a cup-shajjed 
])iece of nickel wire gauze. 
By substituting for E a tube 
ending beneath in an ojk*!! 
point, it can be ust‘d as a 
f)ercolation apparatus for 
solids (Arbeiten aus dein 
Pharm. Inst. Univ. Berlin, 
1909, 7, 289). 

SchacherVs Extractor (Fig. 
19).—This apparatus is used 
with solvents lighter than 
the liquid. The liquid is 
placed in the extraction 
vessel E, filling it to the bottom of the neck; 
if there is insufficient it can be diluted. The 
solvent is boiled in the flask R, and the vapour 
passes up the tube t to the condenser at C; 
condensed solvent drops into the funnel tube /, 


and when the column is sufficiently high, passes 
up in drops through the liquid, coUects in the 
neck of E and overflows to R. Corks can be 
avoided by the use of ground-glass joints 
(Z. Nahr. Geiiussra. 1901, 4, 674). 

An apparatus in which a light solvent is 
distilled from a receiving flask, condensed and 
allowed to rise through a sloping column of 
liquid to overflow into the receiver is described 
by Bruce (Science, 1934, 79, 253). 

Fiske's Extractor (Fig. 20).—For large 
volumes of liquid Eiske described an apparatus 
which, except for the trap beneath the con¬ 
denser, can be assembled from ordinary 
apparatus. A light solvent is boiled in the 
distilling flask, R, and the vapour rises through 
a special trap, (>’, to a (condenser. The tube t 
is sealed into the bulb C’, and rises a short way 



into it so that returning condensed solvent is 
trapped and led off by the tubep to the bottom 
of a distilling flask, E, containing the liquid, 
which should reach up to the lower end of the 
neck. The solvent rises through the liquid, 
collects in the neck of E and overflows through 
q to R. The liquid, when it is sufficiently 
extracted, is drawn off by the siphon 8, and 
fresh liquid can be introduced through the 
funnel f, which dips below the surface of the 
liquid so that vapour cannot escape. In an 
experiment with this apparatus, 640 c.c. of an 
aqueous solution containing 6-4% of succinic 
acid yielded 67% of the acid to ether in 2^ hours 
(Amer. Chem. J. 1909,41,610). Similar arrange¬ 
ments have been described by Bowman (Chem. 
Soc. Proc. 1906, 22, 24); Mazur, Rosenthal and 
Harrow (Ind. Eng. Chem. [Anal.], 1933, 5, 
419), an(l in Allen’s “ Commercial Organic 
Analysis,” 1937,1, 85, there is illustrated a form 
in which a cylindrical jar is employed as an 
extraction vessel. A system of tubes fused 
together described by Mays and Warren (J.C.S. 
1934, 1652) can be used in conjunction with two 
flasks and a condenser as an apparatus of this 
type. 

A modification designed to operate with a 
solvent heavier than the liquid is due to Paget 


C 
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(J.8.C.I. 1932, 51, 190T). A diagram of this 
apparatus is given in Fig. 21, in which C repre- 



Fig. 21. 


scuts the receiving flask in which the solvent is 
boiled. Va})our passers up the wide tube to the 
condenser and the condensate returns to the 
funneJ-tube 1), which is ground into the wider 
tube at E,and has at tlie lower end a small bulb 
pierced by pinholes which distribute the solvent 
in a spray through the licpiid. The bottle A 
containing the liquid is closed so that solvent 
collects in it and is forced over into the reservoir 
(' through the tube B. In filling A, sufficient 
solvent is first introduced to cover the end of R 
and then the aqueous solution is added. The 
ground joint at E facilitates manufactnn* and 
cleaning. 

Friedrichs' Extractor (Fig. 22).—In ord(‘r 
that drops of light solvent may traverse as long 
a path as possible as they rise through the licpiicl, 
Friedrichs makes use of a glass screw, S. 'Ihe 
condenser also employs a screw device. The 
vapour of the solvent from K passes thnmgh 
the side-tube t to C, and liquefied solvent falls 
into / and escapes by apertures at the bottom 
beneath S. It then follows a winding course; 
along the thread until it collects above the liquid 
and is siphoned off by s. The funnel-tube / 
j)aase8 down the centre of 8, into which no liquid 
enters. The siphon s runs outside the extrac¬ 
tion vessel to c, and passes into the stem and so 
returns solvent to R. The side-funnel F and 
tap T serve to introduce and remove the liquid 
(J. Amer. Chem. Soc. 1912, 84, 285; and Z. 
angew. Chem. 1912, 25, 158). Friedrichs also 
described a similar form, but with the receiver 
R at the side (Z. anal. Chem. 1911, 50, 756) 
and an apparatus for using liquefied gases as 
solvents for extraction at low temperatures 
(Z. angew. Chem. 1913, 26, 201, and in J. Amer. 
Chem. Soc. 1913, 85, 244). Kempf’s apparatus 
attains the same end as Friedrichs’, namely, 
increased time of contact between drops of 
solvent and liquid, by surrounding the funnel- 
tub© with a flat glass spiral. This is placed in 


an extraction vessel with holes near the top for 
overflow and this in turn is placed in an outer 
vessel, as in Yoder's and van Rijn's forms 
(Chem.-Ztg. 1910, 84, 1365). Kntseher and 
Stendel (Z. physiol. Chem. 1903, 89, 473) wind 
a glass spiral apparently of thin rod round the 
funnel-tube. Kempf (Chern.-Ztg. 1913, 87, 774) 
describes a form in which the liquid is kept cool 
by circulating winter round it; in this, too, a 
spiral is used. A third plan for lengthening the 
path of drops of solvent is to place the liquid 
in a spiral tube and make the solvent, divided 
into small drops, asceiul it. This method is 
adopted l)y Partheil and Rose (Z. Nahr. 
Oeriussrn. 1902, 5, 1049); by Jerusalem 

(Rioehem. Z. 1908,12, 379), w ho gives directions 
for extracting pasty materials, and in Koolman's 
second np])araiu8 (ibid. 1911, 34, 481). 



C. von dcr IJclde's Extractor (Fig. 23).—In 
this a fourth way of iiuToasing the duration of 
contact is adopted, viz. by means of a series 
of inverted cups fused to the funnel-tube /, 
which fits into the extraction vessel E, con¬ 
taining the liquid. The vapour from the 

solvent ascends the side-tube f, passes tlirough 
the hole h, corresponding to the similar hole, 
h\ in /; thence to the condensing cup C, in 
which is placed a condensing spiral of twelve 
turns closely wound round a central cylinder 
(not shown in the figure). The (sondensed 

solvent escapes from the notched end ol / artd 
works its way up from cup to cup through 
small holes on alternate sides; as these are low 
dowm in the cups, a little solvent is held in each 
cup. After (jollocting above the liquid the 

solvent overflows through q to the receiver. 
Von der Heide also describes a still more 

complicated apparatus fur either light or heavy 
solvents in which the cup device is used and, 
further, gives a third apparatus of the hot 
vapour injection type (Z. Nahr, Genussm. 1909, 
17, 316). Aron (Biochem. Z, 1913, 50, 386), 
like von dcr Heide, employs inverted cups. 
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A fifth way of increasing the intimacy of 
contact is to employ a current of air or other 
gas; it is used in Koolman’s first apparatus 
(he.) and by Berl {see below). 

Emde’s method (Apoth. Zeit. Berlin, 1909, 
24, 663) differs from all others by making the 
liquid pass through the solvent placed in a 
separator. The liquid enters in small drops from 
a jet just penetrating the surface of the solvent, 
collects at the bottom and escapes through the 
tap, passing up a side-tube to other similar 
separators. In the apparatus of Policard and 
Favier (Bull. Soc. chirn. 1934, (v], 1, 1523), the 
rod of a stirrer situated axially in a flask is 
surrounded by a tube down which solvent flows 
from a condenser into the liquid just above the 
vanes of the stirrer. The solvent is broken 
into fine droplets which rise and flow back into 
a receiving flask. Efficient extraction is 
obtained by the use of sintered glass filter discs 
as distributors for solvents lighter than the 
liquid to be extracted. Modifications of 
Friedrichs’ apparatus in which the screw device 
has been replaced by such distributors have been 
described (Ohem. Fabr. 1928, No. 8). 

The following are other references to appa¬ 
ratus for extracting liquids by “ i)erpluvia- 
tion.” When the solvent is heavier than the 
liquid: Stephani and Bockcr (Ber. 1902, 35, 
2398), the solvent rains through the liquid, 
collects and passes down to a receiver through 
a tube fitted with a tap adjusted so that as 
much flows out as falls from the condenser. A 
pad of glass-wool can be inserted to break 
emulsions. The a])paratu8 can also be used for 
extracting solids. Prcgl’s apparatus (Z. anal. 
Chem. 1901, 40, 785), that of Berlin (G.P. 
251469, 1911) and that of Grcenwald (Ind. Eng. 
Chem. 1916, 7, 621) are ingenious and compact. 
Uuli^re (Compt. rend. Soc. biol. 1934, 115, 206), 
Kippenberger (Z, angew. Chem. 1916, 29, 351), 
Fayolle and Lormand (Chim. et Ind. 1922, 8, 
273), Schmalfuss and Werner (J. pr. Chem. 
1925, [ii], 110, 37), Palkin, Murray and Watkins 
(Ind. Eng. Chem. 1926, 17, 612), Wagenaar 
(Chem. Weekblad, 1927, 24, 36) and Francis 
(Ind. Eng. Chem. [Anal.], 1929, 1, 16) have 
described types suitable for small quantities of 
liquid. Franzen’s (Z. physiol. Chem. 1923, 129, 
307) and Friedrichs’ (Chem.-Ztg. 1931, 55, 963), 
suitable for quantities up to 20 litres, the last 
form has ground-glass joints. 

When the solvent is lighter than the liquid: 
Neumann’s second apparatus (Ber. 1886, 18, 
3061). Eiloart’s second apparatus (Chem. News, 
1886, 58, 281), resembles that in Fig. 25 except 
that the tubes are arranged so that vapour goes 
to the condenser and liquid solvent down E. 
Kurbatow (J. Russ. Phys. Chem. Soc. 1894, 26, 
fl], 39; Ber. 1894, 27, 314R). Wroblewski’s 
first apparatus (Z. anal. Chem. 1897, 86, 671). 
Foerster (Chem.-Ztg. 1898, 22, 421) uses a tall 
cylindrical jar to hold the Uquid; he gives 
particulars about extracting with ether to get 
cholesterol and phytosterol from soap solutions 
obtained from fats. Kumagawa and Suto’s 
apparatus (Beitr. Chem. Physiol. Pathol. 1903, 
4, 186) is somewhat like Yoder’s, but requires 
much more glass-blower’s work. Saiki (J. 
Biol. Chem. Baltimore, 1909, 7, 21) adapts an 


ordinary Soxhlet (Fig. 11) for liquids b* 
slipping in a small bottle with a funnel tul 
standing in it. Bacon and Dunbar (J. Ind. Eng 
Chem. 1911, 3, 930) use a flask with a very wide 
neck about 16 in. long in which is hung i 
test-tube containing the liquid and a funnel 
tube; in the neck there is also a condense 
hanging from an enlargement in its top, so thr 
no corks or joints are required. Another a 
glass apparatus is described by La Lande a 
Wagner (Ind. Eng. Chem. [Anal.], 1934, 6, 3( 
Leman (Bull. Soc. chim. 1933, [iv], 53, 63^ 
Noyons (Chem. Weekblad, 1933, 30, 228), a 
apparatus for small quantities especially suitable 
for clinical work. 

When the solvent is either lighter or heavier 
than the liquid: Wollny (Z. anal. Chem. 1886, 
24, 64 and 202); Diepolder (Ber. 1897, 30, 
1797); Gockel (Z. angew. Chem. 1897, 10, 683) 
and Hahn (Chem.-Ztg. 1913, 87, 880), form 
provided with movable interior vessels. Land 
siedl (Chcrn.-Ztg. 1902, 26, 274), several form 
with movable interior vessels for use witl 
solvents of high or low boiling-point. Zip 
(Biochom. Z. 1928, 193, 207), for extracting 
with lighter or heavier solvents and also fo 
extraction of solids. Gauthier and Rosf 
(Annali Chim* AppJ. 1934, 24, 267). 

Apparatus of the “ Injection ” Type. 

MamelVs Extractor (Fig. 24).—In thi 
apparatus the plan of forcing hot vapour throug 
the liquid is adopted. It is somewhat like a 
Soxhlet apparatus, but the 
siphon is attached at a point 
rather more than half-way up 
the side of the extraction vessel 
E, and reaches to the bottom 
ot the receiver R, to prevent 
vapour escaping through it; 
also the tube h which conducts 
hot vapour from R, bends over 
and roaches nearly to the 
bottom of E. Thus hot vapour 
passes into the liquid and con¬ 
densed solvent collects above 
the liquid until the siphon 6 is 
filled and put into action. The 
condenser liquefies escaping 
vapour and returns solvent to 
E. A similar apparatus, but 
easier to assemble, employs 
instead of E a cylindrical vessel 
with no siphon but with a long 
central tube passing down 
through a corked opening at k 
and reaching from a point far 
up in E to the bottom of R, so 
that floating solvent flows down 
to R. The top of this tube can 
be bent over for a short distance if a siphonLig 
action is desired. The side-tube is passed 
through the cork of R, and no glass-blowing in 
necessary (Qazzetta, 1906, 86, i, 123). 

PeUizza’s extractor is an injection form some 
what like Mameli’s, but the floating solvent, 
instead of siphoning off, returns down a central 
tube and the tube supplying the vapour bends 
down outside the extraction vessel and enter; 
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^ the bottom; further, there is a close-fitting 
pter casing fused on to E through which water 
i’culates on its way to the condenser (Chem.- 
,fcg. 1904, 28, 186). Moreschi and Siemoni’s 
•pparatus resembles Mameli’s, but the tube in 
,6 extraction vessel down which vapour passes 
surrounded by a condensing jacket through 
iich cold water can be circulated (Rend. Soc. 
m. Ital. 1913, 5, 159). 

Hloarfs First Extractor (Fig. 25).—In this 
liquid is contained in a tall jar, E. The 
pur of a light solvent boiled in K is forced 
ough the liquid by the tube which terrai- 
iiates in a small funnel. The mouth of the 
funnel is covered with perforated platinum foil. 
The top of the jar is tightly closed and the 
’olvent which collects as a layer on the liquid 
? forced up the tube p to the bottom part of 
a condenser, C, and returns to R down q. The 
nparatus is improved if the cork at the lower 
id of C is avoided by using a glass device to , 




parate liquid and vapour. The tube t must 

} sufficiently long to prevent liquid in E being 
.. <cked back when R cools (Chem. News, 1886, 
58, 281). Neumann, in 1885, described his first 
apparatus, in which ether vapour is forced into 
the liquid contained in a tall cylindrical jar 
and the floating ether is siphoned back to the 
receiving flask (Ber. 1885,18,3061). W. Pip has 
a^so designed an apparatus of this type (Chem,- 
2tg. 1903, 27, 706). 

WoUny's Extractor (Fig. 26).—In this 
apparatus an idea is borrowed from the Bunsen 
burner, namely, to force a jet of vapour and a 
jet of condensed solvent up through a tube 
immersed in the liquid, thus attaining close 
in^rmixture. The apparatus is connected by 
m^^cury joints, at the lower end to a receiving 
y^^sel and at the upper to a condenser. The 
vapour, which can also be introduced through 
the side-tube p, passes up t, which rises nearly 
to the top of the apparatus, bends down forming 
an inverted U, enters the extraction vessel E 
at the bottom and terminates in a jet. The 
fqnnel-tube / conducts liquefied solvent from 
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a condenser and delivers it to a jet alongside 
the vapour jet in a mixing tube, rn, in wliich an 
intimate mixture of solvent and liquid is made. 
The mixture overflows from m but is prevented 
from passing into the exit tube s by the wide 
tube w. When the solvent is heavier than the 
liquid, the device q is employed and, placed 
over Sf it reaches nearly to the bottom of the 
vessel. The pressure of the liquid then supports 
a column of solvent, indicated in the figure by 
the shading, as high as the top of a, and solvent 
flows off down s. The liquid is not shown in the 
figure. No siphoning action takes place since 
q is open at the top. When tlie solvent is 
lighter than the liquid, q is removed; the 
solvent now floats on the surface of the liquid 
and runs down s. The loose parts are suspended 
from the upper edge by platinum wires. WoUny 
states that the ajiparatus is suitable when the 
solvent and liquid separate quickly after inter¬ 
mixture and that an emulsion is not so likely 
to form at the boiling temperature as when the 
liquids are cold (other authors, however, state 
that warmth promotes emulsification). In the 
case of an emulsion forming, he suggests leading 
aside the condensed solvent out of tlie apparatus 
for a time and allowing vapour only to pass in 
as a means of effecting a separation. He also 
I describes several other somewhat similar forms 
of apparatus (Z. anal. Chem. 1885, 24, 147, 202). 

Bert's Extractor is on the same plan as 
Wolliiy’s, but is even more complicated ; in it the 
vapour of a light solvent and a current of air 
or some other gas is forced up a glass spiral im¬ 
mersed in the liquid (Chem.-Ztg. 1910, 34, 429). 

The following are references to other injection 
I forms: Hagemann (Ber. 1893, 26, 1975), for 
heavy or light solvents; Wroblewski’s second 
apparatus (Z. anal. Chem. 1897, 86, 672), for 
i light solvents. The tube which convoys the 
overflowing solvent back to the receiver dips 
I to form a U-tiibe before entering the receiver. 
There is a tap at the bottom of the U so that 
any drops of liquid which come over can be 
removed before they reach the receiver and also 
portions of solvent can be taken for testing. 
Lentz (Chem.-Ztg. 1901, 25, 820), for chloro¬ 
form ; it can be assembled by easy glass-blowing. 
Fritsch (Chem.-Ztg. 1909, 88, 759), for ether, 
the liquid being contained in an inverted 
Woulfe’s bottle. Tchemiac (J.C.S. 1919, 115, 
1090), an elaborate apparatus for forcing ether 
vapour from one flask into an aqueous liquid 
contained in another which is immersed in water 
so that the temperature can be controlled. A 
device is emidoyed by which any aqueous liquid 
carried away by the ether is returned to the 
extraction flask and does not reach the receiving 
flask. When in good order it can be left to work 
overnight. Meeker (8th Int. Congress of Applied 
Chem. 1912, 17, 45) describes a difierent type 
of apparatus, a separating fuimel adapted to 
prevent emulsification. The solvent and liquid 
form two layers in a suitable vessel in which are 
two propellers on a vertical shaft, one in each 
layer. The propellers are shaped to thrust in 
opposite directions, towards one another. It is 
claimed that at a suitable rate of rotation fresh 
surfaces of liquid and solvent are brought into 
contact without formation of emulsions. A form 
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employing a stirrer is described by Zelmanowitz 
(Biochem. Z. 1900, 1, 263), for large volumes of 
aqueous liquid with a light solvent. A simplifi¬ 
cation of this is given by Tolrnacz (Chem.-Ztg. 
1913, 87, 1381). In the method useil by Block 
(J. Biol. Chem. 1933, 100, 637) three layers are 
found. The solution to be extracted, brought to 
sp.gr. c. 1*25 by dissolving sugar, forms the 
lowest layer, the middle one is a water-immiscible 
solvent, sp.gr. c. 1*12, the top layer is an aqueous 

Some other forms of extractor may be used in 
the laboratory. If they are of special type or 
new, they will be described under the name of 
the material extracted. It is not the objec.t of 


solution of, e.g,, sugar of sp.gr. 1-02; in this the 
extracted material collects. 

Counter-current systems are employed on 
commercial plant, but models of these washers are 
sometimes of use in the laboratory, for example 
Holley and Mott’s (J. Inst. Petroleum Techn. 
1933, 19, 967); Bollmann’s (U.S.P. 1474062, 
and G.P. 360923). Por the theory of this type 
of apparatu.s, see Hunter and Nash (Ind. Chem. 
1933, 245, 203, 313). 

the Editors to issue a complete list of laboratory 
apparatus, and if such is desired the usual 
sources must be consulted. 


F 


FABIATRIN v. Coumauin Glycosides 
(Vol. I, 160c; Vol. Ill, 413a). 

FACT IS {Fakis, Fart ice, Parafactis). A 
general term applied to so-called rubber sub¬ 
stitutes prepared from oils. 

F.D.A. COEFFICIENT (v. this Vol., 
p. 33a). 

FA H LOR E . A partial translation of the old 
German name FaJderz, applied, like the term 
“ grey-copper-ore,” to minerals of the tetra- 
hedrite group. These are essentially sulphanti- 
rnunites or sulpharsenites of copper with the 
general formula R'gR'^Sj,, where R" rc])rc8enls 
copper and silver, and R'" antimony, arsenic 
or, exceptionally, bismuth. In many instances, 
however, small amounts of iron and zinc (less 
often mercury, lead or cobalt) are also fuescnt, 
and the formula then becomes 

R'.,R"''S34 

where R'' represents iron, ct(r., and n is a small 
fraction, usually /o k (I’^hir and Spencer, 
Min. Mag. 1899, 12, 202). A. Kretschmer 
(Z. Kryst. Min. 1910, 48, 484) gives several new 
analyses and writes the formula in the form 
(R'a;R"'l/).,R"'Ss,j/. Owing to this wide range 

of isomorphous replacement, the actual (omposi- 
tion of fahloro is extremely variable, as is 
illustrated by the following (percentage) analyses. 
Further, owing to the fact that fahlore usually 
forms intimate intergrowths with other minerals, 
more particularly chalcopyrite, it is probable 
that many of the older analyses were made on 
material which was not ideally pure. 



I. 

11. 

III. 

IV. 

V. 

VI. 

s 

24*48 

24*33 

23*16 

27*60 

21*17 

22*96 

Sb 

28*85 

28*32 

27*73 

— 

24*63 

21*35 

As 

trace 

trace 

trace 

19*04 

— 

— 

Bi 

— 

0*83 

— 

— 

— 

1 _ 

Cu 

46*39 

41*65 

30*56 

49*83 

14*81 

34*67 

Ar 

— 

— 

15*26 

1*87 

31*29 

— 

Fe 

1*32 

1*02 

3*51 

Ml 

6*98 

2*24 

Zn 

— 

2*63 

trace 

— 

0*99 

1*34 

Hg 

— 

— 

— 

— 

— 

15*57 

Pb 

0*11 

0*62 

0*05 

0*17 

— 

— 


100*15 

99*30 

100*26 

99*62 

98*87 

98*03 

bp. 

gr. 

4*921 

4*969 

6*047 

4*62 

— 

5*107 


I, Tetrahedrite from Fresney d’Oisans, Isfere, 
France (G. T. Prior, 1899) ; II, tetrahedrite from 
Horhaufsen, Rhenish Prussia (G. T. Prior, 1899); 
111, tetrahedrite from Wolfach, Baden (G. T. 
Prior, 1899); IV, tennantite (“biimite”) from 
Binnenthal, Switzerland (G. T. Prior, 1899); 
V, argentiferous tetrahedrite (freibergite) from 
Freiberg, Saxony (H. Rose, 1829); VI, mercurial 
t(‘trahe(lrite (schwazite) from Schwaz, Tyrol 
(Weidenbusch, 1849). 

Many of the names which have been applied 
to the minerals of this group express these 
differences in composition. Tetrahedrite (Fr. 
panabase) and tennantite denote the antimonial 
and arsenical series respectively, and these are 
usually regarded as species; other names take 
the rank of varieties under these. For example, 
freibergite (Ger. Weissgiltigerz) is a variety of 
tetrahedrite containing much silver; schvxiz- 
ite is a mercurial tetrahedrite; and malin- 
oioslcite one containing lead. In the arsenical 
series, or tennantite, the names sandbergerite and 
kvpferblende are applied to varieties rich in zinc ; 
rionite and annivite to those containing bismuth. 

Although differing so widely in chemical com¬ 
position, all varieties of fahlore are identical 
crystallographically, the type of symmetry being 
that of the tetrahedral class of the cubic system. 
A pronounced tetrahedral habit of the crystals 
is extremely characteristic of the antimonial 
members (hence the name tetrahedrite), whilst 
in the arsenical series (teimantite) this is often 
somewhat masked by the greater development of 
the rhombic dodecahedron. The colour is iron- 
black to steel-grey, and the lustre metallic and 
often brilliant. The fracture of pure material 
is typically conchoidal, with a brilliant lustre. 
The streak is usually black, but in some speci¬ 
mens (those containing but little iron) it is dark 
reddish-brown; hardness, 4; sp.gr. 4*4-6T. 

Fahlore occurs in mineral-veins in association 
w'ith other metallic minerals. Beautifully 
crystallised specimens have been found in many 
mining districts, notably at the Herodsfoot mine 
near Liskeard in Cornwall, Clausthal in the 
Harz Mountains, Kapnik in Hungary, etc. In 
the massive condition it is, at times, found in 
some abundance, e.g. in Nevada and Utah, and 
it is then an important ore of copper. The bulk 
of the rich silver ores of Bolivia and Peru 
consists of argentiferous tetrahedrite. 


L. J. S. 
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FAMATIN ITE Enaroite (Vol. Ill,341c). 

FANAL COLOURS. Phosphotungstates 
and phosphotungstomolybdates of basic dyes of. 
c.gr., the triphenylmethane group. 

FARNESAL V . Farnesol. 

FARNESENE v. Farnesol. 

FARNESOL. The sesquiterpene alcohol 
farneaoly b.p. 120'^/0-3 mni., 0-885, 

rijy 1-4881, was first separated by Haarmann and 
Reimer (G.P. 149604) from the oil of ambrettc 
seeds (from Ahelmoschus moschatus Mociu-h.), 
and it has since been found to occur in a number 
of other essential oils (von Soden and TrefT, Ber. 
1904, 37, 1094; Elze, Chem.-Ztg. 1910, 34, 
857 ; 1913, 37, 1422 ; Schimmel’s Report, 1914, 
April, p. 71). It has a highly characteristic 
odour and it is of value as a perfume. It does 
not give any crystalline derivatives. 

Farnesol is the primary alcohol ( 1 ), yielding on 
oxidation with chromic acid the aldehyde, 
farnesaly C 15 H 24 O (II), b.p. 173-174 /14 mm., 
0-983, «!) 1-4991, semicarhazoney m.p. 133- 
135°; the oxime (111) gives on digestion with 
acetic anhydride the fntrile (IV), which on 
hydrolysis with alkali ywMs farnesenic acid (V), 
b.p. 202“206°/16 mm., and a keionCy C, 3 H 220 
(VI), identical with a:j 3 -dihydroiononc (geranyl 
acetone) (Kersehbaum, Ber. 1913, 46, 1732). 

MegC.CH-CHa-CHa-CMeiCH CHj CHj-CMeiCH CHjOH 


. 

I* 1 CrjO^ 


1 

RCHO 

RCH:NOH 

RCN 

11 . 

111 . 

r.. 

iV.li 

"" 

Me2C:CH-CH 

2-CH2-CMe:CH CHo-CHj COMe 

RCOgH 


VI. 

V.“ 


(R-Me2C:CH-CH2 CH2 CMc:CH CH2 CH2 CMe:CH-) 
This degradation establisht's the constitution of 
farnesol, but, as is the case with geraniol, the 
alcohol is not homogeneous and is a mixture of 
1 and la ; 

CMeCH2CH2CH2CMe:CH2 

CH CHjCHj CMeiCH CHjOH 

la. 

As has been pointed out by Ruzicka (Helv. 
(4iim. Acta, 1923, 6, 492-502) farnesol is j)rob- 
ably also a mixture of stereoisomerides, four 
modifications being possible. 

The structure assigned to farnesol has been 
confirmed by its oxidation with ozone to acetone, 
formaldehyde, levulinaldehyde and glycolalde- 
hyde (Harries and Haarmann, Ber. 1913, 46, 
1737), and by its synthesis from dl-nerolidol 
(VJI) (Ruzicka, l.c .): 

CMeCHjCHgCHrCMeg 

HCH2CH2-C(OH)MeCH:CH2 

VII. 

On reduction farnesol (or more conveniently 
famesyl acetate) yields hexahydrofarnesoU b.p. 
161-152*5‘’/10 mm., 0*8491, 1-448 

(Semmler, Jonas and Roenisch, Ber. 1917, 60, 


1836; Fischer and J., 6 \vcnberg, Anrialen, 1928, 
464, 69; 1929, 475, 183), which is of importance 
owing to its relationship to phytol (Fischer and 
Lowenberg, he.) and to sqiialene (Karrer and 
Helfenstein, Helv. Chim. Acta, 1931, 14, 78). 

On keeping farnesol passes into the hydro¬ 
carbon, faniesene, b.p. 128-130°/12 mm., d^^ 
0-8385, yip 1-496)5, which is formed also by 
digestion of the alcohol with potassium hydrogen 
sulphate (Harries and Haarmann, Her. 1913, 46, 
1741 ; Korschbaun), 1733; Ruzicka,/.r.). 
This hydrocarbon is probably a mixture of VTll 
and IX, and it is converted on treatment with 
formic acid into n monocyclic hydrocarbon (or 
mixture of hydrocarbons), yielding by the 
action of hydrogen chloride himbolene tri- 
hydrochloride (Ruzicka and Fapato, Helv. 
(4iim. Acta, 1925, 8 , 259). 

CMe-CHgCHa-CHrCMe.^ 

H CH 2 CH:CMe-CH:CH 2 

Vlll. 

CMe-CHoCHa-CHrCMe., 

II 

CH CH 2 -CH 2 -C-CH:CH 2 
CH 2 
IX. 

J. L. 8 . 

FAT HYDROGENATION r. Vol.II,426</. 

FAT LIQUORING v. Emulsions (this 
Vol., 3()2d). 

FAVAS V . Baddkleyttk and Diamond. 

FAVERSHAM POWDER r. Explosives, 
Coal-mine (this Vol., .553c). 

FAYALITE, F 628104 , a member of the 
olivine groiij) of minerals. 

FAYENCE. The general name applied to 
all materials of a. pottery or por< elain eharactor 
whieli are coin})osed of eartlienwaro rendered 
impervious to watt-r by a covering of glaze or 
enamel. True porcelains (the porcelain made 
in C4)ina, .lapan, etc., as well as at Meissen, 
Plymouth and Bristol) provide their own glaze 
by fusion at a high temperature. 

FEATHER-ALUM. A name (Gcr. Feder- 
alavn) applied by Klaproth in 1802 to the iron- 
alum (FeS 04 -Al 2 (S 04 ) 3 , 24 H 20 ) now known 
as halolrichite. Like alunogen (r/.P.), kalinile 
(potash-alum), pickeringite (magnesia-alum), et<'., 
it occurs as a delicately fibrous efilorescence on 
shale and some other rocks; and it is possible 
that these species also may have at one time or 
another been included under the indefinite 
term “ feather-alum.” 

L. J. 8 . 

FEATHER-ORE. A popular term (Ger, 
Federerz) applied to a number of finely fibrous 
minerals which possess in common a lead-grey 
colour with metallic lustre. The material forms 
delicate tufts or felt-like masses. Brittle 
“ feather-ore ” is referable to jameaomiey since 
this possesses a good tdeavage perpendicular to 
the length of the fibres. On the other hand, 
flexible “ feather-ore ” may be siibnite (SbjSa), 
plumoaite ( 2 PbS-Sb 2 S 3 ) or one of the several 
other fibrous sulphantimonites of lead (Spencer, 
Min. Mag. 1907, 14, 207). 


L. J. 8 . 
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FECULOSE. A term applied to variotis 
commercial starch esters, chiefly the acetate. 
It differs little in appearance from ordinary 
starch, and on boiling with water gives a clear 
homogeneous solution which does not “ set ” 
or revert on standing a few hours {eee 
Dextrins, Vol. Ill, 670c). 

FEEDINGSTUFFS. Under this head will 
be considered the principal articles in use as 
food for livestock. 

The main constituents of feeding stuff's, apart 
from water, are (1) nitrogenous bodies, sub¬ 
divided into albuminoid or proteid substances 
and non-albuminoid bodies, such as amides; 
(2) oil or fat; (3) carbohydrates, including 
easily digestible substances like sugar or starch, 
and indigestible or less easily digestible bodies 
of the cellulose type; (4) the so-called 

“ mineral ” constituents which constitute the 
“ ash ” left on incineration. There are also 
frequently present other bodies, such as resinous 
matters, colouring matters, enzymes and traces 
of glucosides and organic bases of the alkaloidal 
type; but these exist in relatively small quan¬ 
tities, and are usually ignored in commercial 
analyses. Small quantities of neutral or aeid 
organic salts are also found in roots and green 
fodder crops. 

Albuminoids or Proteins.—These are bodies 
consisting of highly complex molecules built up 
by the union of numerous amino-acids (y.v.). 
The various proportions in which these amino- 
acids are combined, and the presence or absence 
of some one or other of them in the complex 
molecule, result in there being a large variety of 
proteins or albuminoids ; so that the proteins in 
one food may possess properties different from 
those in another food. The albuminoids of 
w'heat, for example, have properties which 
sharply distinguish them from those of other 
cereals, such as barley, oats or maize, and the 
albuminoids of the leguminous grains diff er from 
those found in any of these. Practical experience 
shows that a mixed diet is often productive of 
better results than a simpler diet which may 
supply the same aggregate quantity of nitro¬ 
genous matter. Of the various amino-acids 
constituting the albuminoid molecules, some 
few, such as tryptophane, cystine, arginine and 
histidine, oven though present in relatively 
small proportions, appear to be essential to 
satisfactory nutrition, and an albuminoid 
material lacking in one of these essentials con¬ 
sequently needs to be supplemented by another 
in which the missing factor is present. For 
example, the albuminoids of maize appear to 
be destitute of, or poor in, tryptophane. This 
affords an explanation of the fact that maize, 
while a satisfactory food for stock in conjunction 
with other foods, is unsatisfactory when given 
alone, its albuminoids, owing to the lack of 
tryptophane, being but imperfectly assimilated. 
The addition, however, of a smaU quantity of 
other food containing albuminoids of which 
tryptophane is a constituent renders the maize 
protein assimilable, and enables the animal to 
obtain the full advantage of the feeding matter 
contained in the maize. Albuminoids consist of 
carbon, hydrogen, oxygen, nitrogen and a small 
quantity of sulphur. On the average, they con¬ 


tain 16% of nitrogen, and are usually calcu¬ 
lated from the N% assuming this factor. In 
some foods (r. infra) the proportion of non¬ 
albuminoid nitrogenous compounds is sufficient 
to make it desirable to separate these in analysis, 
and to calculate the albuminoids from the true 
proteid nitrogen only. But with most concen¬ 
trated foods it is conventional and sufficiently 
near for practical purposes to calculate the 
albuminoids by multiplying the total nitrogen 
present by 6*25. 

The chief function of albuminoids in food is 
to build up the nitrogenous tissue of the growing 
animal, and to replace the daily nitrogenous 
waste due to the normal processes of meta¬ 
bolism. Hence they have long been called 
“ flesh-formers,” in contradistinction to fat and 
carbohydrates. Albuminoids, how’ever, are also 
capable of being partly transformed into fat, 
and also of generating heat and motive energy 
by their oxidation. These functions, however, 
are mainly performed by fat and carbohydrates. 

3'he digestion of albuminoids is effected 
mainly by the action of pepsin, secreted by the 
stomach, and of trypsin, which is a constituent 
of tlie pancreatic juice. By these ferments, 
they are converted into soluble bodies, peptones 
and albumoses, and finally broken down into 
their constituent amino-acids, which are then 
absorbed into the system and recombined to 
form the various proteins or albuminoids of the 
body, or used directly for the production of 
energy. 

The non-albuminoid nitrogenous constituents 
of I'ood, chiefly amides, are soluble and need no 
digestion. They do not form muscular tissue, 
like the albuminoids, but they yield heat and 
energy, and to some extent help to preserve the 
nitrogenous constituents of the body itself from 
waste. 

Oil or Fat.—A large number of fats are found 
in vegetable tissue. For the main part they 
are triglycerides of the series of bodies known 
as the “ fatty acids,” but they also include in 
some cases small quantities of wax, i.e. fat in 
which the glyceryl radical is replaced by that of 
some solid alcohol like phytosterol. Lecithin, 
which is present in small quantities in some 
vegetable substances, is a fat containing nitro¬ 
gen and phosphorus. In the commercial 
analysis of feeding stuffs, the matter extractable 
by ether or petroleum spirit is usually assumed 
to be fat, though in the case of some mods small 
quantities of resinous bodies are included in the 
extract, as well as chlorophyll. 

The function of fat as a food is to help to build 
up the fat of the body and to furnish heat and 
energy on its oxidation or combustion in the blood. 

Fat is digested and rendered adsorbable into 
the blood mainly by the action of bile, aided by 
the pancreatic secretions and those of various 
intestinal glands. 

Carbohydrates. —Sugars of various types 
occur in feeding stuff's, sometimes in insignificant 
quantity, as in ordinary grain, sometimes in 
large quantity, as in some roots, the feeding 
value of which lies principally in these con¬ 
stituents. Thus mangolds and beet contain 
sucrose or cane sugar, whilst turnips contain 
dextrose or “grape sugar.” In addition to 
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sugars of the hexosc type, some fodder plants 
yield sugars of the pentose type. Sugars, being 
soluble, need no “ digestion.” 

Stareh, which is practically perliaps the most 
important of the carbohydrates, consists of 
organised cells which are insoluble in cold water, 
though capable of being gelatinised and partially 
dissolved by boiling water. iStareh is con¬ 
vertible by mineral acids into sugar (dextrose), 
and is resolved by (‘ertain ferments, both 
vegetable and animal, into the soluble bodies 
maltose (malt sugar) and dextrin, a viscous 
body devoid of sweetness. The latter resolu¬ 
tion is effected by the ferment piyalin in tlu‘ 
saliva, and also by a ferment contained in ilie 
pancreatic juice, 'i’he acid secretions of the 
stomach also act on starch, and the maltose and 
dextrin are further modified into dextrose during 
passage through the intestines. 

Cel I u I ose.—Numerous substances are grouped 
under this head. The typical form of cellulose 
is cotton. Material of this nature forms the 
coating of vegetable cells, and consequently the 
whole ” skeleton ” of a ])lant. But it is modified 
in composition in different tissues, and sometimes 
partially assumes a woody form (ligno-eellulose), 
as in straw and hay. In food analyses, the 
various forms of cellulose arc called “ fibre,” and 
are determined by boiling the footl sn(*eeasively 
in weak mineral acid and weak alkali, and 
extracting with alcohol and ether, 'j'he residue 
is usually described as ” film' ” or “ crude fibre,” 
or sometimes as ” indigestible! fibre.” ''fhe last 
description was given on the assumption that tin* 
firtificial digestion referred to was ecpiivalcnt in 
ultimate effect to tlu; digestive processes of (lie 
animal. But bodies of the cellulose type which 
resist the solvent treatments referred to are to a 
variable extent partly digestible, es])e( jally by 
ruminants. This digestioji is probably mainly 
effected by the action of bacteria in the large 
intestine. A ruminant can digest more (‘elluloso 
than a horse, and a horse more than a pig. The 
very thorough mastication of the ruminant 
better prepares the fibre for such digestion as is 
possible than does the imperfect mastication of 
the horse or the still more imperfect mastication 
of the pig, apart from the anatomical differenees 
in the digestive tracts of the respective animals 
and the relative abundance of bacteria capable 
of effecting cellulose digestion. How much the 
physical or mechanical condition of the fibre has 
to do with its digestion was demonstrated by 
Kellner, who found that, when straw fibre was 
disintegrated by boiling with soda lye under 
pressure (as in the preparation of fibre for paper¬ 
making), the fibre had a digestibility coefficient 
of 66-60%, whereas in the unprepared straw it 
was only 42%. But the energy spent by the 
animal in the partial digestion of some forms of 
fibrous foods sometimes exceeds the energy- 
producing value of the material digested, so that 
the result of the digestion process may sometimes 
be of even negative value. 

Other insoluble carbohydrates are those of 
the pentosan type, which yield pentose sugars 
on treatment with acids, but the conditions 
affecting their digestion are not well understood, 
although it has been established that they may 
have a substantial feeding value. 

VoL. IV.—38 


The function of carbohydrates is to supply 
the main quantity of fuel for the generation of 
heat and the production of mechanical force, 
and, when these necessary requirements are 
fulfilled, the excess serves to build up fat in 
the body. 

Mineral matters, or “ash constituents,” are 
the residues left on incineration of the hetero¬ 
geneous mass of organic compounds and salts 
contained in the food. J’rohably most of the 
“ mineral ” matter tlms obtained exists in the 
food in organic combinatioTi. The (*lnef eon- 
stitiients of the ash are phosphoric* a<*id, sub 
phnrie acid, eal<*ium, potassium and magnesium, 
with smaller (juantitic's of iron, sodium and 
( Idorinc and traces of llnorinc. Silica is also a 
large (‘onstituent of straw, and is found in grass. 
Other elements are ('ommonly present in 
minute traces. Of tlu^se minute constitueritK 
iodine is of established importance, also traces 
of copper, and it has been recentl}^ discovt'red 
in New Zealand that (*ertain “ deficiency ” 
diseases in slice]) are associated with absence f)f 
(iobalt in the soil of grazing lands. It, a}>pearH 
])robablc that traces of other metallic elements 
in food may yet be })roved to have long un¬ 
suspected physiological importance. 

The function of “ mineral ” matters in food is 
chit“fiy to build up the main sub.-’lance of the 
aninjal skeleton and to jirovide the material 
neeessarv for foiining the saline constituents 
and inorganic aei<ls of the blood, gastric juice 
and other fiuids and secretions of the body, as 
w(‘ll as to supply (‘lements, such as phos})horu8, 
sulphur and iron, whic h form inl(‘gral parts of 
the blood (‘orpusi'les and of muscular and otlier 
tissues. 

The general composit ion of some of the various 
feeding stufl's in common use is stated in the 
ac'companying tables. The items given are 
moisture (i.c. loss on drying at oil (ether 

extracit), albuminoids, digestible carbohydrates, 
fibre and raiii(*ral matt(*r (ash). The term 
” digestible ” as applied to carbohydrates here 
merely means rendered soluble during the 
process of successivt) boiling in weak mineral 
acid and weak alkali (for details, sec. Methods of 
Analysis, infra). The quc'siion of actual 
digestibility by the animal will be considered 
further on. The term “ albuminoids,” except 
where otherwise specified, means total nitrug(*n 
multiplied by ()*26, as is conventional for the 
purpose of commercial analysis. It has been 
already pointed out that not all the nitro¬ 
gen ill foods is present in the proteid form, 
some portion being in the form of amides or 
similar bodies, but that in what, are generally 
called “ concentrated ” foods, such as seeds and 
seed products, the proportion of non-albuminohl 
nitrogen is relatively small, and not worth 
differentiation for the ordinary practical pur¬ 
poses of comparison of one sample with another. 
For instance, in barley, oats, maize, wheat and 
rye the actual albuminoid nitrogen is from 90 
to 96% of the total nitrogen; in cotton cake, 
linseed cake and ground-nut cake, and in 
brewers’ grains, about 96%; in peas and beans, 
about 90%; in rice meal (rice bran), about 92% ; 
and in wheat bran, about 86%. In straw (a 
ripened stem, it may l>e noted), the proportion 
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is about 90%. In meadow hay it is less, namely 
about 87%. In young or immature grass or 
clover the proportion is only from about 
70 to 75%, and in grass or clover preserved in the 
moist state as silage it may he only 60-00%, 
owing to partial degradation of the aibuminoids 
by fermentation. In roots, the proportion of 
albuminoid to total nitrogen may fall below 
40% (as in mangolds). In turnips, carrots and 
potatoes, it is from about 60 to 60%, and in 
cabbages probably about 70%. 

Before referring to the tabulated statement 
of composition of various foods, the reader should 
bear in mind that the analyses given are in most 
cases typical only of the average composition of 
each, and that considerable differences occur 
between different samples, which is, indeed, the 


I reason why many of them are ordinarily sub 
jected to analysis for the purposes of commercial 
I transactions. These variations are often con¬ 
siderable even in natural grains such as oats, 
but are especially notable in the case of what 
may be (tailed “ manufactured ” feeding stuffs, 
such as oil cakes. The feeding value of these is 
largely affected by the extent to which the oil 
has been extractecl from the seed. Thus linseed 
cake produced under light pressure may contain 
12%, and would be regarded as rich in oil. 
Commonly it is pressed down to 10%, 
while very heavily pressed cake has often only 
7 or 8% of oil, and sometimes, though rarely, 
as little as 6 or 6%. Occasionally (as in the case 
of cotton cake) the cake is grouiul and sold as 
meal. In such cases, it is especially important 


Avkha(jk ok Tvck’al CoMPOsn'ioN of some Concentrated Ferdtno 8tuffs. 



Moisture 

1 

1 Oil 
or fat. 

Albu¬ 
minoids 
( total 
nitrogen 
X6-25). 

“ Digest¬ 
ible 
carbo¬ 
hydrates. 

^ Fibre. 

Mineral 

matter 

(ash). 

Sand or 
siliceous 
matter 
ill ash. 

( lottou cake, decorticated . 
Cotton cake, imdecorti- 
cated, from Egyptian 

1)0 

11-5 

44-0 

23-0 

5-5 

7-0 

-- 

seed. 

Cotton cake from Bombay 

120 

50 

23 0 

33-5 

21-0 

6r) 

0-6 

seed. 

120 

4-5 

19*0 

35-5 

22-0 

7-0 

1-6 

Soya-bean cake 
iSoya-bean “ extracted ” 

12*6 

7-0 

42-0 

28-5 

4-5 

5-5 

0*5 

meal. 

Ground-nut {Arachis) cake, 

11*3 

1-5 

44-5 

31-7 

6-2 

6-8 

0-5 

decorticated .... 
Ground-nut (ylmc/w>) (-ake, 

00 

10-0 

61 0 

21-3 

3-6 

6-2 

1-3 

undecorticated . 

8-7 

8-2 

32-0 

24-6 

21-6 

5-0 

1-6 

Linseed cake .... 

11-5 

11-0 

28-0 

34-6 

8-5 

6-6 

10 

Sunflower-seed cake 

7-0 

10-0 

,30-6 

24-6 

21-0 

7-0 

1-0 

Rape cake. 

10-6 

10-0 

33-0 

29-8 

9-0 

7-7 

2-0 

Sesame cake .... 

9*0 

12-0 

39-0 

23-0 

5-0 

120 

2-0 

Beans, English .... 

14-0 

1-5 

26-6 

49-5 

6-6 

3-0 

Peas, English .... 

14-0 ! 

1-7 

22-5 

53-3 

5-6 

3*0 


Coconut (copra) cake . 

Palm kernel cake (pressed 

90 

10-0 

21-0 

42-5 

12-0 

5-6 

0-3 

—not solvent-extracted) 
Palm kernel meal (solvent- 

10-0 

9-0 

16-0 

41-2 

20-0 

3-8 

— 

extracted) .... 

100 

1-8 

17-4 

45-0 

21-7 

4-1 


Dried brewers’ grains . 

10-0 

7-0 

20-0 

42-6 

16-0 

4-6 


Wet brewers’ grains 

76-0 

1-8 

6-3 

11-4 

4-3 

1*2 


Wheat bran .... 

13-0 

4-0 

140 

55-6 

8-0 

6-5 


Wheat pollards .... 

13-0 

6-0 

160 

670 

6-0 

4*0 

_ 

Wheat middlings . 

12-0 

4-0 

160 

61-0 

4-0 

3*0 

_ 

Wheat. 

13-5 

1*9 

12-0 

68-9 

1-9 

1*8 

_ 

Oats. 

13-6 

4-5 

11-6 

68-6 

9-0 

3*0 


Rye. 

13-4 

1-7 

11-5 

69-5 

1-9 

2*0 

I 

Barley. 

14-3 

2-6 

110 

66-2 

4-6 

2*6 

_ I 

Maize. 

Rice meal or rice bran. 

130 

4-6 

10-0 

69-6 

1-6 

1*4 

1 

Rangoon . 

Rice meal or rice bran, 

8*6 

15-6 

12-6 

48-7 

6-0 

8*8 

1*8 

English. 

100 

100 

11-6 

54-0 

6-5 

8-0 

2*4 

Fish meal. 

14-0 

6-5 

66-0 

_ 

0*6 

26*0 2 


Dried yeast. 

______ 

7-4 

10 

46-5 

33-9 

2*2 

10*0 

— 


p 603 J * meant dissolved by successive boiling in acid and alkali {see Methods of Analysis 

® chiefly (uUciuin phosphate and a little salt. 
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Avkraoe or Typical Composition op Moist or Bitlky Farm FoddersA 



Moisture. 

Oil or 
fat. 

Nitrogenous 
j substaucc. 

L. 

Digestible 
carbo¬ 
hydrates. “ 

Fibre. 

Mineral 

matter 

(ash). 

Albu¬ 

minoid. 

Noii- 

albii- 

mlnoid. 

, Pasture grass .... 

76-7 

0-9 

2-9 

M 

10-9 

5*2 

2-3 

Clover (about to tlowci ) 

810 

0-7 

2*6 

0-S 

8-1 

5-2 

JO 

Meadow' hay, rich . 

150 

23 

10*2 

1-8 

39-5 

24-0 

7-2 

Meadow' hay, medium . 

150 

2-2 

8-0 

1-2 

42-0 

25-4 

6*2 

Meadow hay, poor . 

140 

2*0 

6-3 

0-5 

4M 

31-0 

5-1 

Clover hay, medium 

160 

2-5 

10-5 

2-5 

37-2 

25-0 

6-3 

Oat straw. 

14-5 

2-0 

4-0 

370 

36-8 

5-7 

Wheat straw . . . . i 

13-6 ! 

1*3 

3- 

3 

39-4 

37-1 

! 5-3 

Barley straw . . . . 1 

1 14-2 

1*5 

3- 

5 

.391 

360 

i •">•7 ' 

Bean straw.j 

18-4 

M 

8-1 

31*0 i 

36-0 j 

5-4 

Pea straw. 

13-6 

1-6 

9-0 

33-7 1 

35-5 

66 

j Maize, silage .... 

79*1 

0-8 

10 

0-7 

ll-O 

60 ^ 

1-4 

Mangolds, large . . . : 

89-0 

01 

0-4 

0-8 

7-7 

lO 1 

10 

1 Mangolds, small . . . ! 

87-0 

01 

0*4 

0-6 

10-2 

0-8 

0'9 

Swedes. | 

89-3 

0*2 

0-7 

0-7 

7-2 

M 

0*8 

Turnips. 

91-5 

0-2 

0-5 

0*5 

5-7 

0-9 

0-7 

l^otatocs. ; 

75-0 

0*2 

1-2 

0*9 

21-0 

0-7 

lO 

j Field cabbages .... I 

86-7 

0-7 

1-7 

0*8 

71 

2-4 

16 

1 Carrots. 

87-0 

0-2 

0-7 

0-5 

{>•3 i 

in 

)o 


i 


^ Coiupllod 
” So(? lirBt I'c 


cldofly from averanos calculated and tabulated by II. Warington. 
)otiiotc to table on p. 594. 


to have regard to the oil, as oil is extracted from 
some seeds, not by pressure, but by exhausting 
the finely ground seed witli a volatile solvent 
such as petroleum spirit, in which ease it may 
have only 1% of oil. This process is largely 
applied to rape seed, soya beans, palm-kernels 
and other oil seeds. Again, in the case of lin¬ 
seed rake, the percentage of albuminoids varies 
largely with the variety of seed from which the 
cake is made. Linseed cake made from East 
Indian linseed may contain from about 2.5 to 
about .30% of albuminoids; cake from Russian 
linseed, about 27-35% ; w'hilst cake made from 
American Western linseed sometimes contains 
nearly 40% of albuminoids. The composition of 
undecorticated cotton-seed cake varies accord¬ 
ing to whether it is made from the large, smooth 
Egyptian seed or from the small, thick-shelled 
and cotton-coated Indian variety. In the case 
of decorticated cotton-seed cake—made from 
American woolly seed stripped of its husk or 
“hull”—the quality of the cake or meal 
depends largely upon the perfection with which 
the shelling process has been carried out. Often 
the separated hulls are ground and partially 
put back after the decorticated seed has been 
crushed in the mills and the cakes reground to 
meal. Some foods are residual portions of 
grains, the main part of which is used for human 
fo6d—as, for example, wheat bran, rice meal 
^really rice bran) and numerous foods made from 
arious fractions of the maize kernel. These are 
aecesaarily of variable composition, according to 
the method and degree of separation from the 
other parts of the grain. 

Classification. —Owing to the importance of 


albuminoids in feeding, and lo Ondr special value 
for milch cows and for balancing the natural 
poverty in albuminoids of natural fodders such 
as roots, “ concentrated " foodstuffs are some¬ 
times graded according to their richness in 
albuminoids. Thus, decorticated cotton cake or 
meal, ground-nut (ArachiM) cake and soya-bean 
cake or meal may bo described as very rich in 
albuminoids (40 50%); linseed cake and rape 
enke as rich (say 25-35%); iindecortieated 
cotton cake, beans, peas and dried brewers’ 
grains as moderately rich (20 25%); whilst 
wheat, oats, rye, barley, maize, feeding flour, 
rice meal, bran, pollards and millet would be 
described as relatively poor in albuminoids 
(10-18%). 

A more complete list of analyses can he tound 
in the valuable current Bulletin 48 of the 
Ministry of Agriculture and Fisheries on 
“ Rations for i.<ive Stoek,” originally prepare<l 
by the late Professor T. B. Wood and now 
revised and kept up to date by his successor, Dr. 
H. E. Woodman, of the Animal Nutrition 
Research Institute, Cambridge. A useful 
table, (compiled by A. Smetham and F. Robert¬ 
son Dodd, showing the composition of a lary'o 
range of feeding stuffs met with in eommert e 
(including many materials not commonly offered 
as such to farmers, but in extensive use for the 
manufacture of compound foods), may be found 
in a paper reprinted from the Journal of the 
Royal Lancashire Agricultural Society, and 
published by that Society at Lirerjiool, under 
the title of “ The Valuation of Feeding Stuffs.” 

Compound Cakes and Meals.—Various 
forms of these on the market are made from 
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mixtures of a large range of miscellaneous 
foodstuff s. Under the provision of the Fertilisers 
and Feeding Stuffs Act, 1926, the vendors of 
these are required to declare the percentages of 
oil, albuminoids and fibre therein for the 
information of purchasers. 

Grass. —Much effort has been spent in recent 
years in the improvement of the feeding quality 
of pasture and meadow grass by intensive 
cultivation and frequent cropping. The general 
value of mineral fertilisers (phosphates and 
potash salts) on grass has long been widely 
recognised ; but although there has been no 
lack in earlier years of demonstration of the 
response of grassland to applications of nitro¬ 
genous fertiliser, it is only of late years that 
attention has been especially directed to its 
effects in different stages of growth. The 
Kubj<'ct has been under investigation at the 
Institute of Animal Nutrition attached to the 
IS(;hool of Agriculture at Cambridge {see numerous 
papers by Woodman and various colleagues : 
d. Agric.* Sci. 1026, 16, 205; 1027, 17, 200; 
1928, 18, 266; 1020, 19, 237; 1930, 20, 53, 
587; 1931, 21, 267; 1032, 22, 26. The 

improvement of the nutritive value of grass 
by intensive manuring has also formed the sub¬ 
ject of work by (ireenhill, Page, Watson and 
others at the Jcalott’s Hill Agricultural Research 
{Station of Imperial Chemical Industries, 
recorded in the same Journal {ihid. 1931, 21, 
414, 425, 409, 552 ; 1032, 22, 573). A valuable 
contribution to the subject by Shutt, Hamilton 
and Selwyn, reviewing several years’ work 
carried on on like lines at the Experimental 
Farm at Ottawa, Manitoba, appeared in the 
same Journal {ibid. 1032, 22, 647). AVa also 
Gardner, Hunter Smith and others on experi¬ 
ments carried out at the Herts Institute of 
Agriculture, Oaklands, St. Albans {ibid. 1029, 
19, 500). 

The grass produced in the first few weeks of 
growth contains a substantially higher percent¬ 
age of protein than in later stages of growth, the 
protein often amounting in the young grass to 
as much as 20% of the dry substance of the 
grass. By repeated mowing at intervals of a 
few weeks, accompanied (and this is imperative) 
by intensive fertilising, a succession of crops of 
this rich young grass can be obtained, the total 
feeding value of which largely exceeds that 
which would be yielded by the same area of 
ground in the usual single hay crop. Alterna¬ 
tively, the fertilise*! grass may be, to use a 
current expression, “ rotationally ” grazed, a 
number of successive crops on the same pasture 
being eaten down at intervals instead of being 
mown. 

As a result of experiments at Cambridge and 
at Jealott’s Hill economical methods are being 
devised for the rapid drying of young grass and 
converting it by pressure into grass-cakes which 
have a value comparable with oil cake. The 
object is, by rapid drying, to retain in the young 
grass the whole of the feeding value which it has 
in its green state without the fermentative and 
other losses incidental to ordinary haymaking. 

Clover Meal and Alfalfa (Lucerne) Meal. 
—Clover meal and alfalfa (lucerne) mea are 
now commercially recognised feeding stuffs. 
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The former is officially defined as “ whole clover, 
as grown, dried and ground, to which no other 
matter has been added ”; and alfalfa (lucerne) 
meal is defined in corresponding terms. The 
former is mainly used in poultry mixtures; 
while the latter, which is produced on a much 
larger scale and imported from South Africa in 
considerable quantities, has a wider range of 
utility corresponding to the scale on which it is 
produced. In both cases the nutritive value 
of these meals varies a good deal with the stage 
of maturity at the time of cutting, and with 
this in view the regulations made under the 
Fertilisers and Feeding Stuffs Act, 1926, impose 
upon the vendor of these meals the obligation of 
stating the percentage of fibre. A good sample 
of clover meal may contain about 15% of fibre 
and yield about 18% of protein, wdth about 2% 
of fatty matter. Samples of alfalfa meal of 
South African origin, examined by the writer, 
have varied in fibre content from 20 to 27%, 
in oil from 2^ to 3J%, in albuminoids from 
15 to 18% and in digestible carbohydrates from 
32 to 37%. This meal is sometimes imported in 
compressed form to minimise space in transport. 

Much attention has been given of late years 
to the carotene content of dried grass and alfalfa 
meal, carotene being a dietary physiological 
precursor of vitamin A, and a declaration of 
the amount of carotene is now not infrequently 
made in connection with the sale thereof. 
Attention has also been directed to the possi¬ 
bility of the physiological value of the accom¬ 
panying colouring matter, xanthophyll. 

Beet Slices.—Since the production of sugar 
has become established in this country, sub¬ 
stantial quantities of the pulp loft after extrac¬ 
tion of the sugar are converted into dry “ slices ” 
containing approximately 10% of albuminoids 
and about 60% of digestible carbohydrates, of 
which something up to 20% may consist of 
sugar. The fibre is variable, ranging from about 
12 to 18%, according to the degree of extraction 
of the original beet. 

Beet ** tops," which were formerly regarded 
as undesirable fodder owing to their “ scouring ” 
properties, have recently been found to be not 
unwholesome if allowed to “ wilt ” before being 
used, and in this condition are in growing favour. 
It is wise, however, to sprinkle them with a little 
ground chalk before feeding them, since they 
contain some oxalic acid or acid oxalates. 

Barley.—In the table of average com¬ 
position of feeding stuff's (p. 594) barley is 
stated to contain on the average 11% of albu¬ 
minoids. This, however, gives no indication of 
the extent of variation in barley from various 
sources, and the large quantity of imported 
barley used in the form of meal, mainly for pig 
feeding, appears to justify a special paragraph 
for this grain. Good English malting barley 
contains less than 10% of albuminoids, the 
percentage sometimes falling below 8%. English 
barley of ordinary feeding quality, however, 
would, on the average, be nearer to the figure 
quoted in the table, say 10-11%. Indian, 
Tunisian and Persian barley—of all of which 
there is a large import—^resemble English 
feeding barley in protein content; but Ku^an 
barley is richer in protein. Analyses of barley 



FEEDING STUFFS. 


597 


from fifteen different Russian ports, published offal obtained therefrom. In this latter there is 
by the writer many years ago, showed an average no official regulation as to j)er(*entago of oil, but 
of over 12% of protein; while ten samples most of the oil is usually extracted before the 
representing importations during the season of fish meal assumes its final form. It is desirable, 
1930 varied from 12 to 15%, with an average of however, to keep the percentage of oil low 
I4% of protein. because, although fish oil, like other oils, has an 

Bran.—There has long been a conviction intrinsically high feeding value, there is a general 
amongst stock feeders that bran in a feeding impression that if present in a diet in nu)re than 
ration has a higher value than would be accorded small proportion, it may convey some trace of 
to it on the mere basis of its content of protein, fishy taint ^o the final ]»roduct of its use—bacon 
oil and digestible carbohydrat(‘s, or on its in the case of pigs, or eggs in the case of poultry. 
“ starch equivalent *’ {see later). This has been Although on account of otlour there is a general 
for some time recognised in Sweden, where a preference among farmers for t he less oily white 
high feeding value is assigned to bran, and fish meal, there appears to be ground for 
confirmatory results have* been obtained at the attributing a higher practical value to the less 
Duthie Experimental Stock Farm of the Rowett generally appreciated herring meal. It has been 
Research Institute, Aberdeen, in experiments suggested that this may be connected with a 
on both store stock and fattening stock {see higher iodine content, but it appears now to have 
J. A. Crichton and W. A. Allcroft, Scottish ,1. been established that luTring mtial contains the 
of Agric. 1932, 15, 03). This special value is aiilirachitic vitamin I), which is one of the 
doubtless due to “ vitaminic ” activity. vitamins in cod-liver oil {see H. Jsaachsen, of 

Cacao Shell. —This has been for a'consider- the Animal Nutrition Institute, Aas, Oslo, on 
able time in occasional use as an ingredient in “Accessory Food Factors,” ,T. Agric. Sci. 1932, 
small quantities in compound food mixtures, but 22, 460). 

rather as a “filler'’ than from appreciation of Meat Meal, Meat and Bone Meal, and 
its food value. In 1934, however, it was Feeding Bone Meal Feeding meat meal” 
discovered (Knapp and Howard, Analyst, 1934, is now officially defined as “ the product contaiu- 
59, 474) that this by-product of cocoa nuinu- ing not less than 55% of albuminoids (protein) 
facture was sj)ecially rich in vitamin 1), and and not more than 4% of salt, obtuuied by 
feeding experiments have proved that its drying and grinding animal carcases or portions 
inchision in the dietary of milch cows n*siilts in thereof (excluding hoof and liorn) to which no 
a substantial increase in the vitamin 1) fcon- other matter has been added ” ; while “ f(‘ed- 
tent of milk and butter (Kon and Henry, mg meat and boTie meal ” is defined as ” the 
Biochem. .1. 1935, 29, 2051). (y. Vol. Ill, 230.) product containing not less than 40% of 
Dried yeast is another Ibod the addition of albuminoids (protein) and not more tliaii 4% 
a small cpiantity of which to the rations of any of salt, obtained by drying and grinding animal 
farm animal appears to be follow(‘d by an earcast's or portions thereof (excluding hool and 
increase in growth and well-l)cing, generally horn) and hon(‘, to whiih no other matter has 
attributed t(j the richness in vitamin H. Rigs been added,” The proportion ot albuminoids 
are especially responsive in rapidity of growth or proteins in meat meal, however, may run up 
to the addition of 5 or 0% of dried yeast to the occasionally to nearly 70% in the case of a dry 
meal or mixtures of meals on v liich they arc m<‘at meal from which most of the fat has been 
fed. Unfortunately, however, the supply of removed. I’hi^ fat in these meals is variable, 
this valuable feeding stuft' is not equal to the hut most fretpiently varies between 10 and 15%. 
demand for it. A good deal of both meat meal and meat and 

Cod-liver Oil.—The increasing appreciation | hone meal is made from the carcases of whales, 
of the importance of “ accessory ” properties in and this variety of meat meal (like fish meal) 
farm feeding stuffs is also indicated by the found to be especially useful in pig feeding, 
growing demand for cod-liver oil as an in- this case, also, it has been suggested that the 
gredient in or supplement to mixed feeds. The presence of traxics ol iodini' in whale moat may 
well-known vitaminic value of this oil is demon- bo a contributory cause of its dietetic value, 
strable by its effect, when administered in small whidi is in excess of what would bo expected 
quantities, on the well-being of farm stock from its mere protein and phosphate content, 
generally ; and in the case of dairy cows its H is often preferred by pig feeders to fish meal 
effect has been shown to extend to an improve- because, although of marine origin, it is Ireo 
ment in the vitamin content of their milk. from fishy odour. “ Feeding bone meal ” pre- 
Flsh meal is a feeding stuff the use of which pared from clean bones usually containF irom 
has largely increased as the outcome of experience 28 to 35% of protein and from 45 to 50% ot 
of its value as a supplementary article in the phosphate. 

diet of pigs, for which purpose it has an “acces- Mineral Accessories. —It is increasingly 
sory ” stimulating effect on assimilation not to recognised that for rapidly growing animals, 
be accounted for merely by its contribution of more especially pigs and diary cows, and for 
proteins and mineral constituents. Two kinds poultry, there should be some addition to the 
of feeding fish meal are commercially recognised, inorganic constituents of ordinary feeding stuffs, 
namely “ white fish meal,” prepared from the Various admixtures of so-called “ minerals ” are 
non-oily types of fish such as (liverless) cod, made up for this purpose. The following mix- 
haddock, plaice, etc., which varieties are re- ture is suggested in “ Rations for Live Stocsk ” 
quired by official regulation to contain not more (Ministry of Agriculture and Fisheries, Bulletin 
than 6% of oil; and ordinary “fish meal” No. 48): sterilised feeding bone flour 50 Jb., 
made from herrings and other oily fish or the finely ground chalk 23 lb.> common salt 20 lb.. 
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sulphur 6 lb., oxide of iron 2 lb., potassium 
iodide 4 oz. This mixture is recommended in the 
proportion of 3-4% of the mash for layinj? birds, 
or in the proportion of jibout 2 % of the “con¬ 
centrates ” (that is, meal or cake) fed to other 
animals. 

Manuria) Value. —The relative manurial 
value of the excreta yielded by the consumption 
of feeding stuffs depends largely on the propor¬ 
tion of nitrogen they contain, and to a minor 
extent on the phosphoric acid and potash 
(contained in their ash. This aspect of their 
value is too complex to be ent ered upon here. A 
very full discussion of this part of the subject 
by Voelcker and Hall, especially with regard to 
the question of compensation for unexhausted 
manurial value under the Agricultural Holdings 
Act, will be found in the Journal of the Royal 
Agricultural Society for 1902 and 1913. 


Digestibility of Feeding Stuffs. —It can 
never happen in practice that an animal digests 
the whole even of the potentially digestible matters 
in its food. The quantity digested depends not 
only on the inherent potential digestibility of 
the food, but also on the species, age, condition 
and individual constitution of the animal, and 
the quantity and quality of the food supplied to 
it. A large number of experiments have, how¬ 
ever, been carried out, chiefly in Germany and 
in America, and latterly in this country, to 
ascertain as nearly as is practicable the propor¬ 
tion of the various kinds of nutritive matter 
actually digested in most of the feeding stuffs 
in use on the farm, the experiments having been 
made with the various farm animals, ruminant 
and non-ruminant. The composition of the 
food supplied to the animal is ascertained by 
analysis and its quantity weighed. The feces 


Avjeraoe Results of Digestion Experiments on Farm Animals. 


Matters digested out of 100 parts of each constituent when supplied in the feeding stuff 
sperijie.d in the firnt colum,n {from Kellner). 


Cotton cake, decorticated . 
Cotton cake, undec^orticated 

Soya beans. 

Ground-nut (AracMs) cake 

TJnseed cake .... 

Sunflower-seed cake 
Poppy-seed cake 

Rape cake. 

Beans . 

Peas. 

Sesame cake. 

Coconut (copra) cake 

Palm-kernel meal 
Dried brewers’ grains . 

Wet brewers’ grains 

Wheat bran. 

Oats. 

Barley. 

Maize. 

Rice meal or rice bran . 

Pasture grass (April-May) . 

Meadow grass (June) 
Meadow grass (October) 




i'iitro- 

“Soluble” 


N umber 


Fat. 

genous 

carbo- 

Fibre. 

of inves- 



substance. 

hydrates. 


tigations. 

f Range 

93-100 

84-96 

44-71 

0-100 

} 

Average 

94 

86 

67 

28 

/■Range 

86-100 

72-77 

46-60 

2-24 

} 

Average 

93 

77 

52 

18 

/Range 

86-94 

87-91 

02-76 

0-71 

1 4 

f Average 

90 

89 

69 

36 

1 * 

/Range 

86-97 

69-98 

69-98 

0-32 

1 7 

[Average 

90 

84 

84 

9 

i ' 

/Range 

86-97 

80-90 

60-96 

0-92 

} 14 i 

Average 

92 

86 

78 

32 

Average 

88 

90 

71 

30 

4 

Average 

92 

79 

64 

61 

3 

f Range 

1 Average 

60-94 

79 

66-92 

81 

66-85 

76 

0-34 

8 


/ Range 
[Average 

66-100 

83 

77-100 

87 

82-100 

91 

0-99 

68 

j. 30 

/Range 

[Average 

56-76 

65 

83-90 

86 

93-94 

93 

26-66 

46 


Average 

90 

90 

56 

31 

4 

/Range 

96-100 

76-84 

80-86 

54-73 

1 6 

[Average 

97 

78 

83 

63 

f ® 

/Range 

[Average 

94-100 

98 

1 72-77 
75 

76-79 

77 

26-64 

39 

} “ 

/Range 

[Average 

81-93 

88 

63-78 

71 

51-67 

60 

19-77 

48 

} 

/Range 

[Average 

84-89 

86 

71-74 

•73 

56-74 

62 

33-46 

40 

} - 

/Range 

51-100 

51-100 

40-88 

0-68 

} 

[Average 

71 

79 

71 

26 

/Range 

[Average 

63-100 

80 

67-94 

76 

65-94 

76 

2-47 

28 

1 45 

/Range 

[Average 

78-100 

89 

63-77 

70 

87-96 

92 


} * 

/Range 

81-99 

58-84 

87-100 

46-100 

j- 23 

[Average 

89 

72 

96 

68 

/Range 

[Average 

82-87 

86 

48-66 

67 

67-92 

80 

0-51 

16 

} 

/Range 

63-68 

71-79 

76-84 ; 

70-76 


[Average 

66 

76 

79 

73 

j * 

Average 

62 

70 

76 

66 

2 

Average 

46 

66 

61 

62 

4 
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Average Resctlts of Digestion Experiments on Farm Aetmals — continued. 





Nitro- 

“Soluble'’ 


JS umbe'r 



I'a1. 

genous 

carbo- 

Fibre. 

of iiives- 




substance. 

hydrates. 


tigatiouB. 

, Meadow hay, rich . 

/Range 

45-98 

60-73 

58-76 

53-80 

i 

48 

Average 

57 

65 

68 

63 

/ 

Meadow hay, medium . 

/Range 

I^Aviuage 

51 

49-67 

57 

53-73 

64 

50-71 

59 

1 

J 

104 

1 Meadow hay, poor . 

/Range 

1^ Average 

49 

35-61 

50 

49-65 

59 

46-64 

55 

34 

(’lover hay, l>est 

/ Range 

44-74 

56-71 

('.3-76 

:}8-54 

1 

19 

/Average 

m 

65 

70 

4‘) 

J 

(Uover hay, medium 

/ Range 


48-59 

57-69 

38- 52 

i 

46 

Average 

53 

54 

64 

46 

j 

I Oat straw. 

/ Range 

14-51 

12-50 

33-55 

42-66 


11 

( Average 

36 

33 

46 

54 

/ 

Wheat straw .... 

! 

J Range 
t Average 

17-44 

31 

0-26 

4 

29-40 

37 

42-59 

50 


10 1 

1 Barley straw .... 

/Range 

35-43 

: 17-27 

, 38-57 

53-58 

1, 

7 

^Average 

39 

25 

! 53 

54 



Bean straw. 

/ Range 
t Average 

49-60 1 
57 ! 

45-54 

49 

' 64-73 
68 

.34-53 

43 

1 

J 

5 

I^ea straw ... 

Average* 

46 

(>0 

64 

52 


o 

Green maize plant . 

Average* 

72 

65 

73 

67 


16 

Green maize plant as silage 

/Hango 

(^Average 

65-90 

80 

22-67 

51 

55-77 

67 

56-83 

71 

} 

25 

j Mangolds. 

/Range 

Average 

? 1 

44-89 

70 

91-100 1 
95 

0-43 

37 

} 

22 

Swedes. 

Average 

93 

62 

99 1 

? 


2 

I’umips ... . . 

/Range 
i Average 

? 

57-90 

73 

88-97 

92 

0-100 

51 

} 

10 

Potatoes. 

/Range 

V 

23-88 

82-99 


1 

30 

Average 


51 

90 


/ 

(Cabbages. 

Average* 

H4 

80 

95 

74 


o 


are collected, wclglied and analysed, and the foods, and in tliis respect horses are better 
difference gives the (piantity of each constituent than pigs. The figures in the table above, 
digested. The experiments are carried on for a extracted from a table compiled by Kellner, 
sufficient length of time to eliminate as far as show the average results obtained with ruminant 
possible errors duo to previous feeding, the results animals as regards the quantity of albuminoids, 
for the first few days being neglected. The fat, “ soluble ” carbohydrates and fibre 
results, especially in the case of poor and bulkjj^ digested out of 100 parts of each of these con- 
foods, are vitiated to some extent by such of stituents, when supplied in the form of the 
the secretions of the alimentary canal as are more common feeding stuffs. By “ soluble ” 
voided with the excreta; while the results carbohydrates arc here meant those dissolved 
obtained with concentrated foods are compli- by successive boiling with dilute acid and dilute 
rated, and probably vitiated, by the fact that alkali, usually termed in commercial analyses 
such foods, in the case of ruminants, must ''digestible.” As Die latter word would here be 
necessarily be mixed with large quantities of/ambiguous, the alternative term "soluble ” is 
bulky fibrous fodder, any variations in the used. (In Gt'rman works this item of “ soluble ” 
digestion of which, brought about by the different carbohydrates is usually rendered as “ nitrogen- 
conditions of feeding, become credited to the free extract. ’) It will be- noticed that with 
account of the concentrated food, which cannot some foods the experiments have Ixjen too few, 
be tried by itself. Despite these and other having regard to the difficulty of such work, to 
sources of inexactness, the study of the results lend any very strong vjdidity to the figures, 
of a number of experiments gives the nearest In other cases, the Tiumbcr of trials engenders 
approach we can get to a faithful estimate of more confidence in the? probable general 
those proportions of albuminoids or of fat or of truth of the average figures, but it will be 
carbohydrates which will probably be digested seen even in these cases that the range from 
and utilised in the average circumstances of minimum to maximum quantities digested 
farm feeding, and credit is due to such investi- in the experiments averaged is sometimes 
gators as Kuhn, Wolff, Kellner, Zuntz, Armsby wide. 

and others for their long and patient labours A more comprehensive compilation of 
in this field of work, in which the pursuit of “ digestibility ” figures may bo found in Bulletin 
truth is imj)eded by so many pitfalls and 48 of the Ministry of Agriculture and Fisheries 
obstacles. Ruminants have a better power of “ Rations for Live Stock,’' already referred 
digestion than horses, especially for fibrous i to (p. 595<?). 
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Energy Equivalents of Feeding Stuffs.— 

The ultimate physiological value of any food 
constituent is largely dependent upon the 
quantity of potential energy producible by its 
oxidation in the system, or by the oxidation of 
the equivalent body substance that it replaces. 
This energy may be manifest in maintaining the 
heat of the body, or in the mechanical work 
effected in the various movements of the body, 
including locomotion, the pulsation of the heart 
and circulation of the blood, and the mechanism 
of respiration. Not a little of the energy latent 
in coarse fodder is expended in the mere work 
of mastication and the other mechanism of 
digestion. The excess of digested food over that 
portion spent in maintaining the temperature 
and effecting the movements incidental to 
(juiescent existence is stored up as body inert^ase 
(as in a fattening ox) or used in the production 
ol’ the IVetiis or of milk (as in the case of a cow). 
In the casi‘ of a working animal, such as a horse, 
the excess of food digested is spent in the pro¬ 
duction of external mechanical work, such as 
traction ; and so, of course, with a ploughing ox. 
The ultimate potential energy of a foodstuff is 
measurable by tlu* heat generated by its com¬ 
plete combustion in oxygen, now usually deter¬ 
mined for experimental purposes by burning a 
weighed quantity of the material with compressed 
oxygen in a steel bomb immersed in a known 
weight of water, and measuring the rise of 
tempcTature imparted to the water. Expressing 
the results of such determinations in large 
calories (a large calorie being the heat necessary 
to raise 1 kilo of water Ihe combustion of 

1 g. of each of the hjllowdng food constituents 
yields a])])roxiTnatcly the k.-cal. tabulated. 


Oil or fat.9*4 

Jh'ofcuns.5'8 

Starch or cellulose.4-1 

Oane sugar.4*0 

Dextrose (glucose).3-8 

Milk sugar.3*9 

Asparagine.3-4 


Jn the consumption of feeding stuffs by 
animals, only a portion of the theoretical poten¬ 
tial energy, as indicated by their heat of combus¬ 
tion, is realised. In the first place, as we have 
already soon, only a fractional part of the food is 
digested, and only the digestible part can yield 
energy. Furthermore, the oxidation of the 
digested matter is incomplete. The oxidation 
of completely utilised proteins goes no farther 
than the production of urea, and, although the 
great bulk of the carbon of utilised food is 
exhaled in the completely oxidised form of 
carbon dioxide, a portion is also given off in the 
unoxidised form of hydrocarbon gas or methane. 
In order to ascertain the energy either actually 
realised or potentially stored by the animal from 
a given diet, it is necessary to feed it in a respira¬ 
tion chamber fitted with such appliances that 
the feeces and urine can be separately collected, 
and the whole of the gas expired during the 
experiment collected and analysed. The heat 
or combustion equivalent of the food consumed 
is determined on accurately sampled portions of 
the daily diet. A similar determination in the 
dried faaces gives, by deduction, the potential 


heat energy in the food actually digested. A 
combustion of the dried residue of the urine 
voided and a measurement of the carbon dioxide 
and water produced by combustion of the dried 
unoxidised gases exhaled from the lungs and 
otherwise give the data for deducting the fuel 
energy corresponding to these factors, and so 
the real or potential energy generated or stored 
in the animal is determined. 

In order to trace the disposition of this energy, 
it is necessary, in addition to the foregoing 
determinations, to weigh the water as well as 
the dry food consumed, and to determine 
accurately all moisture given off by the animal 
in ficces, urine, breath and perspiration, and also 
the (tarbon dioxide evolvetl. By means of 
delicately construc^ted res]nration calorimetric 
chambers, it is ])o88ible to make very exact 
determinations of the actual heat produced in 
or by the animal during the experiment, and 
from the whole of the data obtainable to calcu¬ 
late, not only wliat fraction of the total proteids, 
fat and carbohydrates has be(ui digested, but also 
how much of them has been stored up in the 
form of flesh or fat, and how much is expended 
in what may be called maintenance energy and 
heat production. Some foods, such as hay, and 
especially straw, recpiire so much energy for 
their mastication and digestion that only a 
relatively small portion of the actually digested 
matter may be available for incjease of tissue 
or fat formation, or for the production (in a 
horse) of ext(;rnal work, a comparatively large 
quantity of heat being produced. In concen¬ 
trated, easily digestible ft)ods, the loss of energy 
between administration of the food and storage 
as flesh or fat is much less. Thus, Kellner has 
shown that, in the case of a fattening ox, only 
41% of the potential energy in a pound of 
digested starch is lost or used in converting that 
which corresponds to the remainder into fat or 
other tissue. In the digested portion of meadow 
hay, the loss of energy involved in digestion and 
assimilation w^as over 58%; in that of oat 
straw, 62-4%; and in that of wheat straw, as 
much as 82%.' Similarly, Zimtz found in the 
case of the horse that only from 10 to 16% of 
available energy was consumed in the processes 
of digestion and assimilation in the case of 
maize, beans and oats, the remainder being 
available for the, performance of external 
mechanical work, while in the case of hay, the 
mere process of digestion and assimilation of 
the digestible portion consumed from 50 to 
00% of the potential energy of such portion, 
leaving only from 40 to 60% available for 
“ work.” In the case of straw, the energy ex¬ 
pended by the horse in mastication and digestion 
was found to be even greater than the whole of 
the potential energy in the portion digested, 
showing, apparently, that straw has a negative 
food value for horses, except as a “ filler ” and 
diluent for more concentrated food. 

Starch Equivalent. —^This expression is one 
now commonly used in comparing the nutritive 
value of feeding stuffs. The principle involved 
is the reduction of the percentages of digestible 
protein, fat and carbohydrates in any given 
I feeding stuff to a common denominator, namely 
! either the energy or the potential fat production 
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represented by a phy8iologicall3'^ equivalent 
quantity of starch. This mode of expression 
was origina-Uy introduced by Kellner and 
expounded in his well-known manual on the 
‘‘ Scientific Feeding of Animals {see trans¬ 
lation by W. Goodwin, Duckworth). Somewhat 
unfortunately, the term “ starch equivalent ” is 
used in two different senses—namely (a) mainten¬ 
ance starch equivalent; (6) production starch 
equivalent—and this is apt to cause confusion. 

Maintenance starch equivalent expresses the 
calculated contribution (in terms of starch) of 
any given food to the heat and other energy 
requirements of an animal for its daily main¬ 
tenance. For the ])urposc of this calculation it 
is assumed that the potcTitial energy of 1 lb. of 
digestible oil or fat is ecpiivalent to that of 
i’*3 lb. of starch, that of 1 ib. of j)rotein to 
1-25 lb. of starch, and that of 1 lb. of digestible 
carbohydrates to 1 lb. of dry starch. 

Production starch equirnleni, however, repre¬ 
sents in terms of starc h the live weight increase 
obtainable (or to be expected) when the said 
food is given in addition to or in excess of the 
food necessarj’^ for daily maintenance. The 
lactors for arriving at this production starch 
equivalent vary from those given for maintenance 
starch equivalent. It is calculated that for fat 
production 1 lb. of digestible fat has the pro¬ 
ductive power of 2*3 lb. of starch ; that 1 lb. 
of digestible protein has the productive power 
of 0*94 lb. of starch ; and that 1 lb. of digestible 
carbohydrates has the productive power of 1 lb. 
of starch. It is these (production) factors which 
are usually considered in arriving at starch equi¬ 
valent as commonly quoted. Both the gross or 
maintenance starch figure and the production 
starch equivalent have been calculated for nearly 
three hundred farm foods, the average detailed 
composition of which, including the proportions 
of the various constituents assumed to be 
digestible and forming the basis for the starch 
equivalent calculation, is included in the valuable 
publication “ Rations for Live Stock ” 
(Bulletin No. 48 of the Ministry of Agriculture 
and Fisheries), already referred to (p. 696d). 

The expression “ assumed to be ” digestible 
is used with a view to emphasising again that 
although the generally accepted figures for 
digestibility of the various foodstuffs are based 
on the average of individual experiments con¬ 
ducted in circumstances leaving little room for 
doubt as to their substantial accuracy, yet in any 
particular case they can only be accepted as 
probabilities. Where, however, certainty is 
unobtainable, probability based on sound work 
is the best substitute, and with this warning 
against too literal an acceptance in detail, the 
usually accepted starch equivalent, in conjunction 
with the albuminoid (or nutritive) ratio, must be 
accepted as a useful basis for rational feeding. 

Albuminoid Ratio. —By this'term is meant 
the ratio of digestible protein or albuminoids to 
the digestible fat and digestible carbohydrates 
in the food. In order to state this on a uniform 
basis, fat is converted into its approximate 
equivalent in digestible carbohydrate^ by multi¬ 
plying the fat by the factor 2-3, on the assump¬ 
tion that on the average the energy and fat- 
producing value of the latter is approximately 


2*3 times that of the former. Thus, if a food 
contains 20% of digestible albuminoids, 10% 
of digestible fat and 40% of digestible carbo¬ 
hydrates, the albuminoid ratio would be 
20: (lOx 2-3-f 40), or 20; 63, or approximate!}^ 
1 : 3. Linseed cako has an albuminoid ratio of 
about 1: 2, whicli is called a “ narrow ” ratio ; 
and maize of about 1 ; 10, which is called a 
“ wide ” ratio ; while in mangolds the ratio is 
exceedingly wide, namely about 1 : 85. The 
efficacy of a mixed diet ft>r a specific purpose is 
much affected by its albuminoid ratio. Fatten¬ 
ing or working animals get on well with a diet of 
a fairly wide ratio, such as from 1 :8 to 1 ; 10, 
though even in the case f)I fai.tcning animals the 
ratio should be narrower (1 : 5 or 1 : 6) in the early 
stages nf feeding. Young growing animals, 
animals with young, and cows in milk need 
a diet of correspondingly “ narrow ” ratio, i.e. 
richer in proteids, such as 1 ; 5. 

The subject of the maintenance value, 
energy value and productive value of the various 
feeding stuffs may bo advantageously studied iu 
detail in “ The Principles of Animal Nutrition,*' 
by H. P. Armsby, of the Pennsylvania State 
Agricultural Experiment Station (English pub¬ 
lishers, Chapman and Hall, Ltd., 1903). lleaders 
may also be referred to “ Chemistry of the Farm,” 
by R. Warington (Vinton, London, 1919); to 
“The Feeding of Crops and Stock,” Part III, 
by A. D. Hall (John Murray, T^ondon, 1937); 
and to Kellner, “ The Scientific^ Feeding of 
Animals,” Goodwin’s English translation 
(Duckworth & Co., London, 1909; 2nded. 1926). 

Methods of Analysis. —The following 
methods are those commonly in use: 

Moisture. —A weighed (juantity (usually 
about 3 g.) of the material, finely cTUshed or 
powdered h}’’ passing through a small mill, is 
dried at 100"'(\ until it ceases to lose weight. 
The loss is taken to bo moisture. 

Oil. —This is now estimated in England by 
extraction with petroleum spirit. Formerly 
ethyl ether was used and this is still the case in 
some countries. The method dcsc'ribcd in the 
1932 Regulations of the Ministry of Agriculture 
for use under the Fertilisers and Feeding Stuffs 
Act, 1926, is as follows ; 

‘‘A weighed quantity of the sample shall he 
placed in an extraction thimble, which shall then 
be placed in an extraction apparatus and 
extracted with petroleum spirit, b.p. 40-60®C. 
At the end of 3-4 hours the thimble shall }>e 
removed from the apparatus, dried and its 
contents finely ground, preferably with sand, in 
a small mortar previously rinsed with petroleum 
spirit. The substance shall tiien be returned to 
the thimble, the mortar being washed out with 
petroleum spirit, and the extraction continued 
for another hour. The extract should be free 
from suspended matter. After evaporation of 
the solvent, the oil shall bo dried at 100°C. and 
weighed, 

“ In the case of samples containing saccharine 
matter, the weighed portion in the thimble shall 
be washed with water and then dried, previous 
to the extraction.” 

Albuminoids. —The percentage of albumi¬ 
noids, as alread.y stated, is, for the purpose of 
ordinary feeding stuff analyses, conventionally 



FEEDING STUFFS. 


602 

arrived at by determining the nitrogen and 
multiplying the percentage thereof by 6*26. 
Nitrogen is determined by some modification of 
the Kjeldahl process. The details of the method, 
as officially laid down (1932) for use under the 
Fertilisers and Feeding Stuffs Act in England, 
are as follows : 

A weighed portion of the sample shall bo 
transferred to a Kjeldahl digestion flask; 10 g. 
of potassium sulphate and 25 ml. of concentrated 
sulphuric acid shall be added, and the flask 
heated until a clear liquid, colourless or of light- 
straw colour, is obtained. The operation may 
be accelerated by the addition of a small crystal 
of copper sulphate or a globule of mercury to the 
liquid in the digestion flask. 

The quantity of ammonia shall bo determined 
by distillation into standard acid after libera¬ 
tion with alkali, and, where mercury has been 
used, with the addition also of sodium or 
potassium sulphide solution. 

“ The materials used shall bo examined as to 
their freedom from nitrogen by means of a 
control experiment carried out under similar 
conditions with the same quantities of the re¬ 
agents which have been employed in the actual 
analysis, 1 g. of pure sugar being used in place 
of the weighed portion of the sample. The 
quantity of standard acid used in this control 
experiment shall be deducted from the total 
quantity of acid found to have been neutralised 
in the distillation of the sample.” 

A convenient quantity to work upon for the 
nitrogen determination will, in most cases, be 
found to be from 1 to 1*5 g. 

The percentage of “ true albuminoids ” or pro- 
teid substances, as distinguished from non- 
proteid bodies such as amides, etc., is sometimes 
determined by what is known as the phenol 
method, but more commonly now by the copper 
oxide method. 

The phenol method depends upon the coagu¬ 
lability of proteids by phenol. A quantity of 
from 1 to 2 g. of the powdered feeding stuff 
is covered with a warm 4% aqueous solution 
of phenol, to which have been added a few drops 
of a freshly made aqueous solution of metaphos- 
phoric acid. After 16 minutes, a little boiling 
phenol solution is added, and the mixture stirred 
and allowed to cool. The whole is then poured 
on to a small filter, which is washed with more 
of the same liquid, but cold. After drying, the 
filter and its contents are transferred to a Kjel¬ 
dahl digestion flask, and the nitrogen is deter¬ 
mined as already described (Church and Kinch). 

The copper oxide method depends upon 
the power of moist copper hydroxide to unite 
with proteid substances to form insoluble com¬ 
pounds. The preparation used is known as 
Stutzer’s reagent (Ber. 1880, 18, 251). It is 
made by dissolving 100 g. of copper sulphate in 
6 litres of water with the addition of 2-6 ml. of 
glycerol. A dilute solution of sodium hydroxide 
is added until the liquid is just alkaline. The 
precipitate of cupric hydroxide is filtered off, 
drained, transferred to a dish, and washed by 
decantation with water containing 6 ml. of 
glycerol per litre, until the washings are no longer 
alkaline. The precipitate is mixed in a mortar 
with water containing 10% of glycerol, and 


transferred to a stoppered bottle. A gelatinous 
mixture is thus obtained which, when shaken up, 
can be removed by means of a pipette. The 
determination of albuminoid nitrogen is madf 
as follows: About 1 g. of the feeding str 
is weighed out, mixed with 100 ml. of wat 
and boiled or heated in the water-bath for li 
minutes. A quantity of the cupric hydroxide 
paste, containing about 0*8 g. of actual cupric 
hydroxide, is added, and the whole thoroughly 
stirred, warmed for a short time and allowed tc 
cool. When cold it is filtered and washed with 
cold water. After drying, the filter and its 
contents are transferred to a Kjeldahl digestion 
flask, and the nitrogen determined as above 
described. Instead of adding the cupric 
hydroxide paste directly to the mixture, it is 
desirable to place the requisite quantity in a 
separate beaker, treating it with cold water, 
allowing it to settle, and pouring off the water in 
order to eliminate the glycerol, which is used 
merely as a vehicle for the preservation of the 
reagent. 

Determination of Fibre .—The method now 
officially prescribed for use under the Fertilisers 
and Feeding Stuffs Act is as follows: “ 2 or 
3 g., accurately weighed, shall be extracted 
witli petroleum spirit, b.p. 40-60'’C., in an 
extraction apparatus, or at least three times by 
stirring, settling and decantation, and the dry 
residue transferred to a conical 1,000'ml. flask. 
The material must not be further ground 
during extraction. A volume of 200 ml. of a 
solution containing 1*25 g. of sulphuric acid 
(H2SO4) per 100 ml. measured at ordinary 
temperature and brought to boiling-point shall 
be added to the flask and heated. The contents 
of the flask must come to boiling within 1 minute 
and the boiling throughout must be gentle and 
continuous for exactly 30 minutes, the original 
volume being maintained. The flask shall be 
rotated every few minutes in order to mix the 
contents and remove particles from the sides. 
At the end of 30 minutes the flask shall be 
removed and the contents poured at once into 
the shallow layer of hot water remaining in a 
funnel fitted with a pump-plate or alternatively 
into the similar layer remaining in a Buchner 
funnel. The funnel shall be prepared by cutting 
a piece of cotton cloth or filter paper to cover the 
holes, so as to serve as a support for a disc of 
ordinary filter paper; boiling water shall be 
poured into the funnel and allowed to remain 
until the funnel is hot, whereupon suction is 
applied. The experiment shall be discarded if 
the time of filtration of the bulk of the 200 ml. 
exceeds 10 minutes. The residue shall be 
washed with boiling water until the washings are 
free from acid. The residue shall then be washed 
from the filter paper back into the flask with a 
volume of 200 ml. of a solution of sodium 
hydroxide, containing 1*26 g. of sodium 
hydroxide (NaOH) per 100 ml. free or nearly 
free from sodium carbonate, measured at 
ordinary temperature, and brought to boiling- 
point. The contents of the flask shall be boiled 
for exactly 30 minutes* the precautions given for 
the treatment with acid being observed. At the 
end of 30 minutes the flask shall be removed and 
its contents immediately filtered through an 
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ordinary filter paper. The residue collected on 
the filter paper shall be washed with boiling 
water, then with a solution of 1% hydrochloric 
acid and again with boiling water until free from 
cid. The residue shall then be washed twice 
jth 95% alcohol and three times with ether, 
n'he residue shall then be transferred to a dried 
weighed ashless filter paper, dried at about 
100“C. in an oven and weighed in its weighing 
bottle until constant in weight. The ash of the 
paper and contents shaU be determined by 
incineration at a dull red heat. The weight of 
ash shall be subtracted from the increase of 
weight found on the paper and the difference 
shall be reported as fibre.” 

Sugar. —The following is the now approved 
method for the determination of sugar in feeding 
stuffs. If the material is liquid {e.g. molasses) 
10 g. are dissolved in 200 ml. of water in a 260- 
ml. flask, or, in the case of a solid feeding stuff, 
10 g. are ground up with successive quantities 
of water, the whole being transferred into a 
250-ml. flask, 200 ml. of cold water being used 
in the process. In either case the solution is 
cleared (either by the addition of neutral lead 
acetate solution followed by sodium sulphate 
or by the use of alumina cream free from 
ammonia), the liquid being then made up to 250 
ml. and filtered. An aliquot portion (25 ml. in 
the case of molasses or 50 ml. in the case of a 
solid feeding stnff) is then measured into a 100- 
ml. flask and diluted to about 70 ml. with water 
and the sugar inverted as follows: 5 ml. of 
hydrochloric acid of 38-3% strength are added, 
and the flask placed in a water-bath maintained 
at 70°C. The solution in the flask should reach 
a temperature of 67~70®C. in 2J-3 minutes. It 
is then maintained at 67-70‘'C. for 5 minutes, the 
total period of heating being 7| minutes. It is 
then cooled at once, neutralised, bulked to 
100 ml., and filtered. The total reducing sugar 
in the filtrate is determined either by gravimetric 
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or volumetric process, the total copper-reducing 
power being calculated in terms of cane sugar 
(sucrose). 

Ash. —A quantity of the material (for example, 
3 g.) is placed in a platinum capsule and heated 
over an Argand burner turned down lov'. The 
heating is continued over a yellow flame until 
the residue is free from carbon. The residue 
under incineration sliould be stiiTed from time 
to time with a platinum wire, being meantime 
lightly cohered with an arched piece of 
platinum foil. Ignition over a Bunsen burner 
is more rapid, but is liable to result in loss of 
potash. 

Sand and other Siliceous Matter. —The pre¬ 
scribed method now adopted is as follows : 

“ A weighed quantity of the sample, from 2 
to 5 g., shall bo incinerated and the weight of the 
ash shall be taken. The ash shall be moistened 
with hydrochloric acid and evaporated to dryness 
and shall then be repeatedly extracted with hot 
dilute hydrochloric acid (1 part of concentrated 
hydrochloric acid to 4 parts of water). The 
solution shall be filtered and the insoluble matter 
washed, incinerated and weighed. The quantity 
obtained shall be taken as sand and siliceous 
matter.” 

Digestible Carbohydrates. —This item, which 
includes starch, sugars, mucilaginous matter, 
pentosan derivatives, such portion of the 
original fibre as is dissolved by acid and alkali 
in the fibre determination and any other bodies, 
is taken “ by difference ” after adding together 
moisture, oil, albuminoids (total nitrogen 
X 6*25), fibre and ash. It is a conventional 
term and is sometimes replaced by the term 
“ soluble carbohydrates ” or less incorrectly by 
the expression “nitrogen-free extract.” For 
the methods of determining the various sugars, 
starch, etc., separately, the reader is referred to 
other sections of this work. 

B. D. 
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